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SUMMARY 

The unique properties of geographic information technologies, which are important in many 
levels of modern society, have crystallized into the definition of a new discipline taught at 
universities. Education of undergraduate geographers as information technologies professionals 
however brings in more practical questions such as; what are the most efficient practices in this 
education;  what  are  the  main obstacles when delivering the  actual teaching and directing 
students and how to possibly avoid them? This article aims at answering these questions. A 
concrete example of project-oriented approach is described, which supports the education in 
geo-information technology (geomatics). This article is based on the research software platform 
GRIFINOR for data management, visualization, and exploration of geographic information in 
three-dimensions. The text introduces the GRIFINOR platform as a modern media technology, 
which relies on the original task of surveying and mapping redefined in terms of digital content 
and IT. GRIFINOR's current status is presented, as well as a brief overview of its research 
contributions in the field of geomatics. In the second part of the article are identified some 
important obstacles inherent to an education in geomatics. It is explained how GRIFINOR may 
help  to  alleviate  these  obstacles. Freedom in  teaching  fundamental  concepts  of  the  geo-
information technology and in studying these elementary components of geomatics with the 
students is pointed out as an important aspect in this context. An important part of the article 
also gives concrete examples of skills that students can practice and concepts that can be taught 
using GRIFINOR. The platform is available as a distribution, which opens opportunities to 
implement concrete exercises focused on particular concepts of geomatics. The characteristics 
of the distribution are described in the article. Through the article it is argued that the use of 
GRIFINOR in  education  directly supports a  number of  important  roles that,  according to 
related works, need to be played by geomatics professionals. With such properties GRIFINOR 
is considered as a suitable means for teaching master students in new programmes in geomatics 
at Aalborg University and at Charles University in Prague.

1. ROLE OF SPECIALISTS IN GEOMATICS

Modern observation and positioning technology eliminated and surpassed the majority of tasks 
carried out  by  land surveyors before these  technologies became available.  Furthermore, a 
cartographic map  can  be  made  today  by  individuals  without  a  scientific  degree  using 
geographical information systems (GIS) with a user interface available on a web page. Taking a 
different perspective at the situation we can say that some of the most important tasks of land-
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surveyors and map-makers were replaced by software implementations of the methods, which 
in the past had to be applied by specialists ”manually” in person. Today, in this field,”manual” 
application of the methods cannot match their implementations in the computerized systems, 
because the  technology applies them cheaper, faster and  more reliably. Additionally new 
technologies provide new possibilities, which could never be done in a manual manner.

On the other hand, modern society around the world lacks specialists in basic collection of 
software technologies, implementations of policies and institutional arrangements that facilitate 
the use of the huge amounts of spatial data produced by the new technologies. Note that this 
gap  is  caused by  exactly the  same technologies mentioned  above---the  technologies that 
weaken the need for traditional land-surveyors and map-makers but open new possibilities in 
geo-visualization, geographic data infrastructures and other computerized geographic systems. 
It should be also stressed that the technological advances are based on the very concepts used 
in  the  field  of  land-surveying  and  map-making  itself,  that  the  new  technologies became 
possible  thanks  to  few  specialists  from  our  domain.  Their  contributions  led  to  great 
improvements in measurements and observations of planet Earth.

To fill up the gap, new study programs in geoinformation technology (geomatics) have been 
established at universities around the world. They are often based on radical changes or are 
derivatives of programmes in land surveying, mapping and cartography. The primary reason 
was the fact that graduates of these studies suddenly appeared in the role of mere operators or 
end-users of new automated systems that came over from other technical disciplines, and which 
shifted  these  graduates to  a  poor  position  in  job  competition relatively to  the  level  of 
specialization they have. But the specialization remains important, maybe even more important 
than in the past since everything becomes geo-referenced. The problem is how to apply this 
specialization. ”If we could educate them (students) into information technology professionals, 
they could have another position in the competition – surveyors would then be not only users of 
technologies, but rather those who develop both technologies and applications” (Virrantaus 
2002). Realization of this arguably logical  decision has many impediments and needs real 
examples, which can be evaluated by others and upon which improvements can be elaborated.

Activity Description

#1 Applications development Identify and develop tools and instruments  to satisfy  specific 
requirements.

#2 Data acquisition Collect geospatial and related data.

#3 Data analysis and interpretation Process  data  and  obtain  information  required  for  efficient 
decision-making process.

#4 Data management Catalogue, archive, retrieve, and distribute geospatial data.

#5 Visualization Render  data  and  information  into  visual  geospatial 
representations.

Table 1. Activities the geomatics professionals should cope with. 

In the rest of the article we provide an example of a project-oriented approach to support 
education that  produce professionals in  geomatics. The example is  based on the  research 
software platform GRIFINOR (Kolar, 2006),  which allows data management, visualization, 
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and  exploration of  geographic  information  in  3D.  Through  the  article  it  is  argued that 
GRIFINOR directly supports  education of  four  out  of  five  main  activities (see  Table  1) 
professionals in geomatics need to master (MSC and NRC, 2006). Having such properties it is 
considered as a suitable means for teaching master students in new programmes in geomatics at 
Aalborg University and at Charles University in Prague. The main parts of the article are 
structured as follows. Section 2 introduces the GRIFINOR platform in relation to the field of 
geomatics. Subsequent Section 3 then identifies some important obstacles in teaching   geo-
information technology and points  out  how GRIFINOR can be used to  address them. An 
important  part  of  the  section  is  also  a  concrete  exemplification of  projects  based  on 
GRIFINOR.

2. GRIFINOR PLATFORM

The original idea behind GRIFINOR was to exploit huge amounts of data produced by modern 
measurement technologies in IT through a system of a “real” virtual reality (VR), where by 
“real” we want to stress the fact that the source data come from measurements of real features 
in our real environment on planet Earth. This is in contrast with more traditional use of VR for 
buildings, orchestras or  theatres that  do NOT exist on the Earth.  This  idea evolved from 
generalization of the task of surveying and mapping as geometric model of the reality, which 
can be instantly visualized in an interactive 3D scene. Therefore GRIFINOR can be considered 
as a new 3D media platform, which relies on the original task of surveying and mapping to 
deliver model of the Earth.

In more technical terms, GRIFINOR is an open source 3D virtual globe platform, written in 
Java. It allows publishing a geo-referenced 3D model called a modelmap on the Internet and 
rendering the  scene using  OpenGL. One can  explore such modelmap itself but  it  is  also 
possible to link different parts of the modelmap with data stored in databases, with analytical 
functions or with resources available on the Web. Like the content on the Web, the modelmap 
in GRIFINOR can be build by independent  contributors collaboratively in a  decentralized 
manner. The modelmap can be navigated through over network in a 3D scene by users, who 
can also interact with it in a way suitable for their applications.

2.1 Spatial Referencing
GRIFINOR eliminates the use of cartographic projections from concepts of all elementary parts 
of the system, including the data representation. Three-dimensional coordinates with origin 
coinciding with the Earth’s centre of masses are used for referencing. The definition of the axes 
is analogous to the World Geodetic System (WGS), meaning that the z-axis is defined by the 
North Pole and the x-axis lies in the equatorial plane and points to the Prime Meridian, where 
the reference pole and the meridian are defined by International Earth Rotation and Reference 
Systems Service (IERS). For this origin and orientation, three systems of coordinates are used 
in GRIFINOR when convenient. right-handed Cartesian coordinates [x,y,z] are used for data 
representation, visualization and  spatial indexing. Spherical coordinates [ , , r] are used forΦ λ  
indexing and representation of the geopotential model of the Earth that is described later in this 
section. Geographic coordinates [ , , H], where H is ellipsoidal height, are currently usedφ λ  
only for reporting a position on the Earth to the user. Conversions between these systems were 
implemented in GRIFINOR.
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2.2 Interoperability
GRIFINOR deals with interoperability on the level of programming language instead of strict 
specification  of  data  structures  and  formats.  It  has  been  decided  to  keep  GRIFINOR 
independent  of  any  particular standard specification of  geographic features and  leave the 
possibility to add suitable data representations for each application independently. Therefore 
the implementation of GRIFINOR ensures scalability in data representation while keeping the 
interoperability of the system intact. Since the system is coded in Java, which is an object 
oriented technology, both the communication protocol and the data representation of features 
are defined in terms of objects. Using Java abstract class definition for representation of the 
features ensures the scalability for custom definitions. It allows de-facto arbitrary definitions of 
features, their meaning, the relationships between them and their functionality. With this in 
mind, GRIFINOR must be regarded as a platform that supports the definitions of custom data 
representations  and  application specific  functionalities.  This  directly  addresses  activities 
number three and one in Table 1.

3. GRIFINOR IN CONTEXT OF EDUCATION IN GEOMATICS

There are two major obstacles for study programmes in geomatics. The first one is the number 
of true specialists in geographic information systems that have an overall understanding of the 
geoinformation technology. There is apparent lack of these people, which could identify and 
teach the concepts of geomatics for both further research development and applications in 
practice. The second obstacle is the difficulty to provide students with the ability to study the 
technologies freely with as little limitations as possible. It  is very difficult to get students 
deeply involved in studying of a certain tool or device when they cannot use it with full control 
of the processes.

As a software system, GRIFINOR cannot directly address the first issue. But GRIFINOR does 
address directly the second issue by being freely available to everyone interested, under LGPL 
license (FSF, 1999).

It  seems  that  the  two  impediments  are  complementary.  The  groups  of  researchers  and 
developers who,  over  decades,  have  developed and  understood  the  new  solutions  using 
software technology are nearly exclusively bound with  commercial  companies. Proprietary 
commercial software is a source of profit and therefore a subject of strictly protected know-
how keeping hidden specific construction of the software tools. On the other side there is a 
much larger group of teachers and students of geoinformation systems. Using the commercial 
software as a teaching tools makes almost impossible for the teachers to effectively explain and 
for students to fully understand individual tools and procedures of data processing and data 
management.  It mostly leads to production of more or less qualified users of the commercial 
systems rather  than  new specialists.  This scenario in  geomatics needs to  be changed and 
presents serious challenge for education community. With GRIFINOR we try to contribute to 
this effort.
 

3.1 Source Code
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Bringing GRIFINOR to students relies on breaking the heavily overestimated barrier of source 
code. Source code tends to be perceived as pure device from programming domain, and so, 
difficult  to  deal  with  for  everybody  from  outside  the  domain.  The  truth  is  that,  like 
mathematical formulation, there can be very complex and long expressions that are difficult to 
read by experiences scientists, but there can be also very simple ones that everybody with high-
school education must understand. In fact, source code should play a vital role at university 
level programs in geomatics. Like students of programs in journalism work with written text 
and selected works of literature in order to learn how to report news and produce articles, the 
students in geomatics should work with scripts and source code of data management software 
in order to learn how to obtain desired geographic information. These skills are essential for 
professionals in  geomatics but  they are also very useful  in  practice in  wide spectrum of 
professions outside the domain of geographic applications. The journalist students are taught 
about  structures,  concepts  and  techniques  from  existing works  that  are  fundamental  for 
providing various types of new literature, but they are not required to produce new work-of-art 
pieces of literature, at least not at the university. In similar manner geomatics students should 
be taught how to read and navigate through an existing code and use it in order to retrieve the 
desired geographic information,  but  should  not  really be  required to  code new  software 
algorithms or systems. Subjects from any courses that directly address professional activities 
#1, #3, #4 and #5 from Table 1 are based on source code, which stands for almost the entire 
domain.  Or,  from another  perspective, the  whole  technological  part  of  geomatics has  its 
fundamental concepts in source code, except for data acquisition (activity #2).

GRIFINOR is provided over the Internet in form of source code in Java language. With use of 
integrated development environment (IDE),  preferably Eclipse IDE, the navigation through 
source  code  can  be  explained  and  demonstrated  visually.  Individual  components  are 
hierarchically organized, and relationships between different functions can be followed through 
their calls in the same manner as following hyper-links on the web. 

3.2 Use Of Graphical Interfaces

Graphical user interfaces (GUI) as a (part of) subject to teaching and exercises of essential 
concepts should be reconsidered and used with care in  university level education  of  geo-
informatics. The GUI is a counterpart to the text user interface (command line) and to non-
interactive execution of sequence of commands (script, or a program). These three concepts are 
in many ways complementary and none of them is optimal in all situations.

A GUI is an advanced method to operate and interact with finished software products through 
different kinds of buttons and text fields. It is used to perform an exact, pre-defined task, for 
example “to triangulate given set of points”, but hide the internals of the solution. The hidden 
part  is  considered unimportant  or  even  disturbing during a  production  application  of  the 
software. This makes GUIs at least controversial in a situation when we want to teach what “to 
triangulate given set of points” means, or what is behind any other button. Therefore, whenever 
fundamental concepts of the solution should be explained and understood by students, the use 
of  a  GUI  should  be  seriously reconsidered.  Relying on  GUIs  have  confusing  or  even 
misleading effect on a student because the GUI becomes associated in the student's mind with 
the solution or in the worse case being considered as the solution, none of which is true. GUIs 
are meant to be intuitive and their functionality can be explored by users who understand the 
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purpose of a given software product and who know about the overall structure of the GUI for 
that particular software. Therefore, GUIs can be left as a subject for self studying, for the most 
part, as it is both too trivial and too product specific for being taught in courses at university. 
GUIs  are  definitely  convenient  for  supplementary  software  such  as  file  manager,  word 
processor, IDE or a drawing tool, which do not cover the central focus of subject geomatics, 
which is management of geographic information.

On the other hand, written commands seem to be more suitable for analytical approach in 
geomatics. Sequences of command lines or entire scripts provide significantly more insight into 
a specific solution, expose nominally individual steps, which can be pointed at and thus be 
better discussed. They are also exactly written and allow seeing all the steps in a context. On 
the practical side, command sequences can be easily reproduced, passed around, modified as 
well as corrected or archived by both students and supervisors.

3.3 GRIFINOR in the Context of Courses and Students' Projects

This section shows examples of how GRIFINOR can be used for education in geomatics. The 
examples are divided into three parts which address its use consequently for explanation of 
important  concepts during teaching,  in  projects/exercises about creation  of  content  and  in 
projects about improvement of GRIFINOR itself.

3.3.1 Core concepts 
The following section presents basic subjects usually part of the background for graduates of 
geomatics. Through an implementation of their basic concepts,  GRIFINOR can be used  to 
point at and explain the concepts in detail, and if necessary also alter, extend or improve.

1) GRIFINOR uses basic coordinate systems typical  for geographic applications. Relations 
between  geographic, spherical  and  Cartesian geocentric  coordinates  which  constitute  the 
geometric computational core of the system are provided.  2) The GRIFINOR source code also 
addresses inverse cartographic projections (currently applications of transverse Mercator, such 
as UTM only) on which the role of cartographic projections can be demonstrated back in 
original three-dimensional space. 3) The next important aspect implemented in GRIFINOR is 
spatial subdivision used  in  indexing,  which is  a  crucial concept  for  databases with  huge 
amounts of data. GRIFINOR is inherently 3D system but spatial subdivisions in 3D space and 
their use for visualization queries can be demonstrated as a comparison to widely used 2D 
cases. 4)  Role of  convenient  data  representation (data model) is  another  basic concept  in 
geomatics covered in GRIFINOR. The system design allows for simple data structures as well 
as advanced object-oriented representations which can be demonstrated using the system. 5) 
Students  should also know that  the reference shape of planet Earth (from which physical 
heights are calculated) is NOT simple geometry and depends on gravity field of the Earth. 
Classical  representation  of  geopotential  based  on  spherical  harmonics  is  included  in 
GRIFINOR's source code and the concept of geoid can be addressed with this part of the 
system.  6) An important part of GRIFINOR as well as of most geographic applications is the 
process of presenting data in visual form, which is a primer for all kinds of geo-visualization. 
7) The last relatively broad subject that can be demonstrated to students using GRIFINOR is 
web-based mapping, which usually consists of URL query and reception of a raster image - 
both can be found in the implementation. 
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3.3.2 Modelmap-making 
The first group of potential projects is about creating content that can be brought to GRIFINOR 
for visualization purposes and possibly for further interaction. The following proposals might 
provide some inspiration regarding semester or final projects in geomatics.

1) Methodology for semi-automatic creation of geo-referenced 3D modelmap using scanned 
floor plans, topographic maps or from vector databases or mere attributes. This project would 
use 3D modelling tool Blender (www.blender.org). The result would describe a procedure for 
3D modelling of geographic features at multiple levels of detail and their consequent loading 
and geo-referencing into GRIFINOR object database.

2) Collect information about available Web Map Services (WMS) in a catalogue and build a 
simple function that constructs URL query for a given geographic coordinates and a given 
service from the catalogue. The result could directly exploit ability of GRIFINOR to drape geo-
referenced  images on  the  topographic surface  in  3D.  This  would  result  in  effective 3D 
application of WMS. 

3) Another subject is evaluating the influence of settings for SRTM terrain data loader for GIG 
surface representation on the resulting geometry of the topographic surface. This would result 
in a better evaluation of the multi-resolution representation of the topographic surface used in 
GRIFINOR as well as to its improvements.

4) Data representation of simple geometries, such as plane, cube or sphere using procedural, 
instantiated and referenced representations (Kolar, 2007) and evaluation of their influence on 
performance. The result would reveal limitations of the three types of content objects used in 
GRIFINOR. This would be useful in decision whether application can use data directly from a 
relational database, such as PostgreSQL/PostGIS, or even reference ESRI ArcObjects. 

5)  Classification of  elementary user interactions  with features in  GRIFINOR's modelmap. 
Students  would provide descriptions for  many  useful  interactions with  different  kinds  of 
features  and  classify them  from  the  most  general  to  most  application-specific.  Example 
interactions might be “perform SQL query to relational database system” or “open new web-
page at  given URL” or  mere  “hide”.  The  most  general interactions  will  be  included in 
GRIFINOR platform. 

6) Comparison  of ontology of CityGML, Industry Foundation  Classes (IFC) and SEDRIS 
international standards.  The result would include mappings of  the  associated data models 
(XML Schemas) to new definitions in terms of GRIFINOR objects.

3.3.3 Application and System Development
This section provides some examples in order to demonstrate the range of potential projects 
related to GRIFINOR that might be interesting in geomatics.

1) One example of a project could be use of GRIFIN Perspectives (see Documentation section 
at www.grifinor.net) in coordination with ”WikiProject Geographical coordinates” of 
Wikipedia or with a similar georeferencing initiative available on the web. This subject could 
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extend GRIFINOR's capability being launched from a web page by a richer interconnection 
with the content from the web.

2) Experimentation with georeferenced multimedia sources such as video and audio data inside 
the GRIFINOR scene is another example of student working. The ability of having video and 
sound rendered in the 3D scene could be explored in this topic. Although it is technically 
possible today, a work must be done about the best way to prepare, store and structure the data.

3) One project could deal with comparison of various data representations for linear or very 
long features. Multi-resolution representation of lines is crucial for features such as shorelines, 
break-lines or roads in general. This subject has relationship to cartographic generalizations and 
solution would have use in many specific applications.

4) Regarding visualization, there is a topic of influence of different rendering parameters (e.g. 
lighting, colour properties or polygonal representation) on the resulting geo-visualization effect 
in 3D scene. This would result in a distinction of different human perceptions of the image and 
potentially also classification of these perceptions in the context of geo-visualization in 3D and 
with respect to the standard parameters used in computer graphics.

5) Motion through the scene is a different challenge. Concepts of path definition and transition 
of camera between predefined perspectives in the geo-referenced 3D scene, would allow for 
video guides, place presentation or mission rehearsal applications. This would result in 
definition of new custom navigation moves, which might be useful for navigation in specific 
situations.

6) In GRIFINOR was implemented classical model of geopotential used in geophysics. 
However it would deserve to elaborate a better integration of the current representation of the 
topographic surface. This could result in a direct access to normal heights along with 
geometrical heights and it could also involve access to other quantities in relation to the 
geopotential model, such as acceleration, gravity anomaly, or deflection of vertical.

7) Another challenge would be to collect methods for solving coordinate geometry problems in 
civil  engineering  and  land  surveying  (COGO  functions).  Result  would  demonstrate 
conventional  surveying  techniques and instrumentation  dealing with coordinates of  points, 
distances and bearings between points associated with identifiers and descriptions. This could 
also demonstrate standard field surveying procedures, such as a traverse or a series of layout 
measurements.  Value  would  be  primarily  educational  demonstration  of  a”virtual  land 
surveyor”.

8) Last example for GRIFINOR related topic might be bringing more inverse map projections 
aside currently available transverse Mercator. The result could demonstrate their effects during 
education but also for exploit GRIFINOR's ability to instantly drape satellite and topographic 
maps on the three-dimensional representation of the topographic surface.
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3.4 Proprietary Software In Education

GRIFINOR has been developed as software that could be used freely by anybody interested in 
the implemented solutions. It is considered that universities have a duty to use such kind of 
software for three reasons. The first reason is that master programmes should direct students on 
the path to self reliance and NOT to become users of proprietary software. Therefore study 
programmes in geomatics should NOT teach any software products that might be constraining 
or even unavailable for their graduates in practice. The second reason for free software at 
universities is regarding the quality of education, because with proprietary software one cannot 
explain the exact internals of the system even if it is an essential or otherwise interesting 
concept. One also cannot direct interested, talented students to study certain aspects deeper 
because those details are secrets that nobody at the university can know about. The third reason 
is to save money as it costs money to pay regularly for licenses of proprietary systems. Every 
school system we know of is pressed for money. But even if commercial companies give out a 
free sample of proprietary software for students the offer should be re-considered because the 
reason to put out the samples are exactly the same why other companies giving away free 
samples.

GRIFINOR is one from a large family of software that guarantees freedoms in its users and 
legally enforces these freedoms through its license. Once you get GRIFINOR or other software 
under LGPL license you can use it  any time in the future for any private or commercial 
purposes, but whenever you will want to provide it to others it must be under the same terms. 
GRIFINOR is also maintained along with entire Linux-based operating system, which consists 
of software components that preserve the same freedom for all software equipment running on 
the computer and therefore can be passed around to students freely without legal constraints. 
This system can be also found at www.grifinor.net.

4. CONCLUSIONS

This article identified some impediments of carrying out education programs in geomatics. The 
use of source code of education was suggested as a possible remedy. But at the same time a 
lack of specialists who could wisely and seamlessly deploy such new teaching methods was 
pointed out.  Nevertheless, in order to change the situation the article considers the use of 
source code with open source software as the only possible solution. As an example use of 
source code for education, the GRIFINOR platform has been introduced in the context as a 
potential tool to address these problems. The possible uses of the GRIFINOR platform were 
sketched through the enumeration of project proposals. Everybody is invited to try GRIFINOR 
and point out its weaknesses and drawbacks for education in practice at www.grifinor.net.
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