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1 Abstract
This paper presents the main concepts of computer modelling and two case studies describing their use in

applications for GIS (geographic-informational systems ) and VR (virtual reality). It explains the general
terms and gives some definitions. The several steps of modelling are investigated from the object-oriented

(O0) point of view. The shown approach is illustrated with samples from the fields of GIS and VR.

2 Introduction
The development of software applications in the various realms of computer graphics is based on the specifi-

cation and design of a computer model which describes the original concerned. The process of model con-
struction (the illustration of the original) is a complex and not trivial succession of some steps of abstraction.
The goal of our studies was to find out a common way for the construction of a computer model and to de-
scribe it with the help of object-oriented techniques and tools. The results of our studies are shown in the next

sections of this article.

3 Definitions
This chapter introduces and describes the fundamental terms.

The term model stands in general for an artificial or synthetic (objective or abstract) object. The model allows
based on the contained analogies to the original to draw conclutions about the original. A study of the original
can be done easy by using the model. Upon closer examination a model is the summary of some selected dis-
tinguishing features of the real world as well as the arrangement of the relations between the features.
Definition: A model is the simplificated replica of a realistic or a virtual (means within the intellectual world)
piece of reality that contains all characteristics of the original relevant for a specific problem or a specific ob-
ject of efforts.

The model is created by making abstractions of the original. That means the model usually not contains all
features of the original. A feature is a individual characteristic of the original. A defined state denotes one of
all possible forms of this feature. The change of the forms of the features is the so called functionality of the
model.

The table below compares the terms of abstraction :

original abstraction
real world model
characteristic feature
form value
functionality methods
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The goals of modelling are for example the ,,control of the original® in any mind and the possibility to make
studies over the original in an easy way. That means :
o a fast gain of information about the original
o the modification of the original
o the gain of discovery about the relationship between the original and his environment as well as the re-
lationship between the characteristics of the original
¢ the creation of a representative of the original

model generation and

modeling
model processing

real world

abstraction

mathematical
model

world clip

reproduction instantiation

computermodel .
model specimen

(instance)

processmodel

visualization

use of algorithm representation
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storage model storage object

Figure 1: Modelling and model creation

4 Modelling
A generally applicable approach for computer modelling based on the terms defined in section 3 is clarified in

this chapter. The process of computer modelling is composed from several complex steps of abstraction and
projection. It is shown in Figure 1.

Our studies are based on the assumption that the real world is the original to be modelled. The physical model
of any object of the real world is normally a scaled replica of a real object (in the usual meaning), e.g. a model
of a terrain, a building or a single room.

The description of a object of this real world with the means of a suitable mathematical structure is known as
his mathematical model. A mathematical model has a semiotic character, that means it contains no informa-
tions about the semantics of the original. A mathematical model can also bee seen as a reflection of a field that
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is a source for a whole class of objects. The creation of a mathematical model is based on the way of abstrac-
tions and the following specification and design of a mathematical structure.

The mathematical model can be seen as a specific form of a scheme of human thoughts. It is an important step
in the creation process of a computer model.

A computer model of an object is a computer internal representation in the means of stored data which are
brought together in a predefined data structure. This representation is also known as a representation scheme.
Such a scheme is valid for all objects of a class. From this point of view a specific object can be seen as a
specific filling of the scheme with defined modelling data. The computer model is in analogy to the mathemati-
cal model a semiotic model.

Usually a visualization algorithm produces a visual image of the computer model using an output device for
the presentation. The generated image finally shows a replica of the original as a result of a rendering process.
The use of computer modelling and the employment of computer internal methods brings a wide flexibility in
controlling real objects. Realizing this approach the main problems are to find out useable algorithms for the
various representation schemes and to define correct transformations between the models. For that reason
many research activities are oriented towards the goal to find efficient tools for the realization of modelling
processes ( object-oriented databases, hybrid modelers, new computer internal representation schemes). There

are also some special approaches for single parts of the modelling process and for specific fields.

5 Object oriented approach
This chapter presents a different behaviour based on the generally applicable scheme of computer modelling

from the object oriented point of view using object oriented terms and techniques. The real world is seen as a
set of abstract classes. The first step in modelling is a suitable reduction of complexity by selecting relevant
classes and ignore the other ones. The result of this step is the set of relevant classes for the specific means
that is called a world clip. The world clip can be seen as a set of triple. Each triple has the following notation :
class ::= [ name, attributes, methods ]

with the following means :

e name is the unambiguous ident of a class of the world clip

e attributes are the set of features and

o methods are the set of functionality that describes the change of features and the interaction between

features and classes.

The derivation of a specific model specimen from the world clip is based on the instantiation of the abstract
classes. At this time the attributes are obtained with specific and suitable initial values. The processing of the
model specimen can be interpreted as the computation of the methods defined with in the world clip and causes
the change of the attribute values.
The model specimen passes through some stages in the computation process. The external visualization makes

it possible to illustrate the world clip at any time and to draw conclusions about quality and exactness of the
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model specimen. A model can be called correct if it reproduces the behaviour of a real world clip relating to
the selected features with a given exactness. A specific or all states of the model specimen can be stored using
a storage object.

The ideas above lead us to the following conclusions:

e A abstraction of the real world can be easy done by the way of definition of classes. The classes are
specified from the point of view of the specific goal and can be done and documented separately per
class.

e The derivation of different model specimen is done by the process of instantiation and gives a wide

flexibility. It is possible to take full advantage of the object oriented paradigms.

6 Case Studies
6.1 Modelling a scene of virtual reality (VR)
This chapter presents the use of the approach described above at the example of a simple application of virtual
reality. The term virtual reality means the audio-visual and tactile arrangement of an apparent world as well
as the generation of this world under the usage of the basic (usually physical) laws and rules of behaviour and
the integration of the user (the visitor). Therefore it is possible to point out three contents which a VR-system
must contain:
e the definition of a computer internal model, that means the modelling in space and time as soon as the
definition of model specific conditions
e the suitable computation of the internal computer model with the goal to provide the perception with the
human senses (the generation of audio-visual and tactile presentation forms of the model)
e the processing of the model own internal simulation models for the specified laws of behaviour under the
direct influence of the user.
The acceptance of virtual reality techniques depends essentially on the naturalness provided to the user. This
causes on the one hand a hard closeness to the original means a high quality of the model. On the other hand
the feedback of the system must be as good as possible. This means a short answer time to interactions and a
realistic simulation of behaviour. When using basic engines in time there are limitations of the model indispen-
sable to ensure a sufficient frame rate because this is one of the most important criterion for acceptance of
simulation. The model used as a basis of each VR-application includes essentially the following contents:
e geometry and graphical features of the scene
e description of (natural) laws of the original
e description of the behaviour of the scene regarding
= progress of time (animation)
=» reaction to user interaction.
The first step creating a VR-application is the suitable definition of the world clip to be simulated. In accor-

dance to the approach described above means this the definition of a set of classes which reproduce the origi-
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nal (or a vision of it) in a suitable way. This single step is the main stress of modelling. To master his un-
doubtedly high complexity the object-oriented method is chosen. From the seven object-oriented paradigms the

data abstraction , the inheritance and the polymorphism are very useful for reproduction of the world clip.

data abstraction

inheritance

polymorphism

object-oriented

design paradi persistence

delegation

generalization

multiple inheritance

Figure 2: Object-oriented paradigm and modelling of virtual worlds

The class hierarchy employed to describe the world clip is designed in the TOP-DOWN principle. This hierar-
chy represents the world clip to be modelled with regards to his three-dimensional geometric visual compo-
nents, their features, their relationships between as well as to the generally applicable laws or rules of behav-
iour. Whereas the description of the geometric components is performable within a separately part of the hier-
archical class tree the integration of the rules and laws can be done by several ways:

o The model of the object behaviour is a real part of the object model itself, that means the laws and rules
are implemented in the form of methods as well as control features within the object classes. It exists
only one hierarchy which contains the geometric modelling as well as the functional.

Example: A class body contains a method shock implementing the behaviour of the body when it is
shocked. A feature unchangeable controls whether the body is permanently stationed or not.

e Whereas the model of geometry is analogue to the way above the modelling of the behaviour takes a
second separate hierarchy in form of a behaviour tree. This one contains the reproduction of the gener-
ally applicable laws or rules, e.g. the formal description of the elastic shock. The class body contains
only features and methods as a reference. The advantage of such a way is mainly the centralisation of
code.

Example: A class moveable body is derived from the class body. It obtains the method reaction to
shock by multiple inheritance from the class elastic shock.
It does not make any difference which way of modelling was chosen, the starting point of any modelling is
always the definition of the outstanding root class which contains generally applicable laws or rules. Later the
design of the kind classes follows. A carefully and far sighted creation of the class hierarchy guaranties a
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highly quality of the entire model. The following figure show an example of a fictitious world clip as the result

of modelling :

primary object

i

light source

observer
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abstract class
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The formal description of the several classes occurs in the following notation :

name

base class redef (redefinition of the method)
base class redef (redefinition of the method)
base class redef (redefinition of the method)

attribute: type of attribute

description of attribute
... further attributes

method

description of the method
... further methods

L

To preserve a maximum clarity all class definitions contain a list of features and methods which are obtained

name

from parent classes (base class). In addition there is a list of all features and methods which are redefined by
the class (umdef).
In the first draft of the class hierarchy only the absolutely necessary features and methods are considered. In
later drafts being the basis of the implementation the detailed working out is made on the relevant points. For
better understanding or for reduction of expense as well as for a high system performance suitable abstractions
from the original may be necessary. There are two starting points for this:

e asimplified geometric modelling, e.g. the approximation of bended surfaces with facets
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o the simplified reproduction of the (natural) rules and laws, e.g. the implementation of ambient light
sources as a base brightness.

Both simplifications are permissible until they appear disturbely to the user.
The second step is the instantiation of the model specimen from the results of step one modelling the world
clip. The essential difference to the first step is the instantiation of specific objects which represent parts of the
original. Whereas the hierarchy (-ies) being created in the first step describe (s) a scene with all possible con-
stellations the result of the second steps is a specific class based on the given class hierarchy (-ies). The men-
tioned representatives are instantiated from the class hierarchy and the virtual scene is sybolically filled with
objects.
Corresponding to the goals and the computing power of the base engine the instantiation can be done in several
ways. The possible spectrum reaches from the fix programmed instantiation to the interactive way using spe-
cial editors, the so called world editors. Whereas the user has to play a secondary role in the process of class
definition he can be integrated in the process of instantiation. The user can design the virtual world based on
the given class hierarchy listen to his inner voice, means he allocates initial values to the world clip model.
Therefore a specific model specimen was reproduced from the universal one that is filled with defined initial
values.
This model specimen can be computed in different ways according with the goals of simulation. It is necessary
to point out that the processing steps are a part of the model of the world clip and being made useable to the
specific model specimen by employment of the object oriented paradigms. Typical steps of computation in the
VR-fields are for instance the interactive walk trough a scene, a simulation of a sequence of movements as
well as the interactive manipulation of the scene by the user. It is necessary to point out that in the process of
model computation the values of some object features may change based on the specified laws and rules but
the basic structure of the scene remain unchanged.
There is no need to create new objects in the computation process of common VR-applications but there is in
principle no problem to do this. So it is necessary to create a new object of the same class body when a body is
divided by the influence of tensile forces. This is implementable by instantiation of at least one new object of
the class body.
Derived from the model computation are some storage processes, €.g. the continuous storage of selected object
data and the archiving of a defined state of the model specimen.
The external visualization of the model specimen is the very own request of a VR-application : the generation
of a three-dimensional representation of the scene as well as the generation of audio-visual and tactile infor-

mations for presentation to the user. The algorithms to do this are also part of the model.

6.2 Example 2: Computermodelling and generalization algorithms for (GIS)
The second example presents the application of the model theory for carrying out of computer aided carto-

graphic generalization for GIS. The goal of the research activity was the study and the application of generali-

zation algorithms for the automatically derivation of geographical maps from one start scale in each other.

296



Paper for The Fifth International Conference on Computer Graphics and Visualization 97

Starting point of our research was the development of workable draft for the realisation of one source model
(geographical model). The following properties are requisite for the successful design of this geographical
model:

e redundant-free storage of even the tiniest spatial data structure for point-object, line-object and surface-
object;

e Store of all geometry dates from the earth surface of the urban area using the relations between the data
sets and their absolute location. The scale does not figure in this process. The standard principle of im-
age of the data must be met.

o Take heed of the relations and the reference to definite DBMS.

The complex of generalization rules will be used for all object class from the source model in dependence from
the destination map scale or landscape area. The sequence of the use of this rules and the priority of the image
objects are important. The result of the use of the generalization rules is the production of derived digital
model.
The combination of the visualization feature and the signature with the model objects create one new model.
This new model can be used for the generation of cartographic maps in different map scale or as data source
for GIS.
The problem of the automatic cartographic generalization is a solution only for certain objects or object
classes. Our idea is the generation of computer models as image from landscape and independent from the map
scale. The realisation of the generalization algorithm creates one model for the destination map scale. This
model is the source for the production of the map or for the visualization of a piece of the landscape on the
screen with GIS.
Our research activity focuses on the generation of several map models:
e Development and design from workable draft for scale independent source computer model as image of
one clip from the real world;
e Development of requirements catalogue for the generation of the model step after the use of the par-
ticular generalization rules for all classes;
e Study of the several generalization algorithms, their teamwork and their consequence for the use as
generalization rules for all object classes; A
e Development of software toolkits for the realisation of the automatic cartographic generalization in
geographical information systems (GIS) and used the idea of the geographical computer modelling;
e Prototype development for the verification of the theoretical results and embedding in commercial GIS.
The landscape with its topographic objects and thematic topic builds the original for the derivation in a com-
puter model. The topographic record from the real world is an abstraction of the original. A primary model
will be derived from the original by using of generalization rules and restructuring of the space. This primary
model is a structured image of the original. The first step of the generation of this primary model of the land-
scape is the structuring from the 3D-appearance of the earth-surface in topographic objects and object parts as
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well as their relations. The object structure describes the form, the position and topographic relation between
the objects. The object itself is stored with its attributes about geometry, topology and visualization values for
the specific map scale.

The next step in the model generation is the derivation of the secondary landscape model from the primary
model. At this time the topographic object attributes obtain signature values for the computer maps represen-
tation. The new generated model is known as secondary model or cartographic landscape model. According to
the signatures and the genaralization rules is the derivation of several secondary models in various map-scales
possible. The generation of the tertiary model occurs after the combination with thematic user data. The rela-

tions between the generated landscape models are shown in the Figure 3:

topographic
record topographic generalization cartographic
lanfis.c age } landscape model —JP»-| landscape model
(original) topographic (primary model) (secondary model)
generalization
build of objects

signature assignment

supplier

user datas

secondary model [ tertiary model 1 tertiary model 2

1
]
;
original 3 :
]
]
|
¥

Figure 3 : Relation between model and landscape

From the computer modelling point of view is the primary model generally one space-related computer object
model. The computer landscape model is abstracted from the original (real world) and it consists of the com-
puter situation model and of the computer terrain model. The primary model is stored graphic independently.
The visualization of the object is result of the assignment with the signature and with the sign key.

The advantage of the cartographic computer modelling is designed in Germany for the first time with the offi-
cial cartographic information system (ATKIS). The original is the landscape. It can be replaced by the
German ground map (DGK 5, scale 1:500) or by air-measurement images. The primary model is the digital or
computer landscape model (DLM). The next step is the generation of the digital or computer cartographic
model (DKM) from the primary model as a source.

The computer landscape model contains topographical data about the earth surface. The landscape clip is ob-
ject structured by several semantic criteria. The attributes describe information about the objects and about

their geometry, topology, location in the landscape, visualization features etc. Objects from the same type form
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the object group (class). More object groups mould object area. The object semantic is described by the object
types and their attributes.
The digital cartographic model (DKM) contains objects from DLM drawn by 2D-system of coordinates. The

object semantic is described by the map object types. By the mean of the signature catalogue is the conversion

of the landscape objects in map or cartographic objects possible.

The figure below describes the system design and the data flow:

catalog of the object types
instructions for the derivation
of topographic informations
in DLM

catalog of the object types
instructions for the
desription of
DKM obejct types

signature catalog
instructions for the carto-
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Figure 4 ATKIS-system design
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The computer cartographic modelling contains the design and the generation of the computer landscape model
(DLM), computer map model (DKM), computer topography maps and analogue topography maps. The fol-
lowing processes are necessary for the derivation of models from the DLM-model: transformation in DKM-
objects, cartographic generalization of this objects, signature assignment and visualization of the generalizated
objects.

The contents of the ATKIS signature catalogue is structured in two catalogue parts. The DKM-object type
catalogue describes the DKM-object types. The DTK signature catalogue describes the graphic design and
visualization features of this objects. The DKM-models are generalizated attributed computer models as ab-
stract of the real world. The advantage is in the use of computer generalization rules during the transformation
of the DKM-model from the DLM-model. The DKM-model is source for the production of topographic land
maps or screen output.

Our study for the realisation of the automatic cartographic generalization generates one draft for the derivation
of cartographic computer models. The first goal is the specification and the design of the primary source
model. This model is map-scale independent for all objects abstracted from the specific landscape clip It is the
base for the derivation of other secondary models. The map-scale for the generation of this secondary model
can be chosen by the user. The transition from source model to the secondary model can take place by means
of the generalization toolkit. The generalization rules describe the generalization algorithms for the generation
of new cartographic models in a new map-scale. The results of the use of the generalization toolkit is the crea-

tion of generalizated secondary model. The signature assignment and the instantiation of the specific vizuali-
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sation values generate the new model, which is known as a cartographic computer model. It is a source for the
map production or source for the use in geographic-information systems. The figure below shown a summary

of the sequences and the model derivation:
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Figure 5 Summary of the sequences and model derivation

7 Summary
The paper describes our research results in various computer graphic fields regarding computer modelling.

The efficient specification and creation of the specific computer model is the solution for efficient use and
visualization. The use of object-oriented techniques is one way to solve the problems of abstraction of the real

world.
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