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Summary
An increasing need for a 3D GIS is observed in many areas in the last several years that challenges researchers and
vendors to find a solution for maintenance and analysis of 3D data. Advances in the field of software and hardware
development warranty the "luxury" to operate with the third dimension. Based on some recent software achievements,
the paper presents a client-server approach for a 3D GIS. The approach permits query and analysis of spatial and
semantic information by remote users across the Web. The data are hosted in a DBMS according to a speciall y
designed conceptual schema, which allows storage of geometry, attributes, spatial relationships and behaviour of
object. The approach is based on establi shed Web mechanisms to control the access to the database and create
documents on the fly. The new aspect is the elaborated employment of VRML for visualisation, query and exploration
of 3D data. A GUI on the client site provides the users with means (fill -out forms) to specify SQL queries and visualise
3D outcomes in virtual realit y environment. A prototype system and a number of examples validate the proposed
concepts.

1. Introduction
The city is usually the centre of education, trade, industry, cultural li fe, governmental activities, etc. It offers a variety
of opportunities, which always have been attracted people from the vill ages (see Eisner et al 1993). The increase of
population inevitably leads to the increase of the complexity of tasks, which have to be tackled, and the information,
which has to be processed. In many cases, the need for 3D geo-referenced information is extremely high, e.g. large
private and public construction works, environmental impact analysis, tourism and shopping information, real estate
market, management and preservation of cultural cities.

The commonly establi shed systems dealing with spatial information are 2D GIS’s and 3D CAD systems. CAD
systems, originall y designed to create, edit and display small 3D graphics models, show weaknesses in 3D
visualisation of large models. Recent developments (power processors, graphics accelerators and standard hardware-
implemented graphics libraries) have opened new horizons for 3D visualisation named virtual realit y (VR) techniques.
Conventional equipment or sophisticated devices allow complete immersion with the model, simulating actions and
observing reactions similar to those in the real world. Nowadays computer technologies are capable to handle, process
and display more graphics entities than ever before. Despite the various tools to manipulate data, CAD and VR
systems have two conceptual specifics that result in insuff icient means for GIS analysis, i.e. 1) most of them are not
design to deal with semantic information and 2) spatial analysis is hardly in focus.  Some attempts to overcome the
first shortcoming are made by CAD and VR systems by establi shing links to databases to attach attribute information
to the objects (see Bentley 1999, Intergraph 1999, Autodesk 1999). Maintenance of semantic information becomes
feasible but in a separated information system, most commonly DBMS.

The generic idea of GIS’s is to incorporate geometric and semantic information in one system and support analysis in
both domains (see Maguire et al 1991, Aronoff 1995). Current commercial GIS's, however, support 2D topology
(ESRI, 1999) and face problems supplying 3D spatial analysis. The existing possibilit y to create separate vertical
layers with explicitl y recorded 2D topology only per layer (e.g. ArcCAD, ATKIS, SPRAD) gives some extensions to
3D, yet spatial operations between two layers create problems. 3D-display and real time navigation is still supported
only for 2.5D data (e.g. 3D Analyst, ArcView, ESRI).

Moreover, GIS and CAD tend to be conceived as a monolith, stand-alone or Intranet system that, however, does not
correspond to the recent business trend to exchange information on a Web electronic market. The Web electronic
market is considered by many as a new information revolution and tremendous amounts of money and manpower have
been invested in Web-based commerce systems (see Bichler et al 1998). New technologies (HTTP, CORBA, Java) and
standards (VRML, HTML) make possible the development of software kernels, which can be extended, linked and
aggregated, in component-based systems on the Web. The significance of electronic market is appreciated already by



many GIS vendors: although the limited functionalit y, several extensions for remote access and query of spatial data
are already available (see bellow).

The current status to maintain and analyse 3D spatial data thus can be characterised as: a lack of appropriate
commercial software and an increasing demand for systems processing and analysing 3D spatial information gathered
from urban environments. Some vendors co-ordinate their efforts in order to offer a suitable solution on the base of
their own products. Typical example is the integrated software package of ESRI and AutoDesk companies ArcCAD,
AutoCAD and ArcVIEW. Although improved capabiliti es of such hybrid systems, the maintenance of separate
databases remain problematic and either comprehensive 3D spatial analysis can not be performed or eff icient 3D
visualisation cannot be offered.

The design, utili sation and maintenance of a new 3D GIS comprises wide spectrum of questions concerning a 3D
model, data collection, analysis, manipulation, visualisation and remote access of geo-referenced data (see also Raper
et al 1998). In this paper, we present an alternative for a 3D GIS on the Web. The concentration will be on three
important aspects of the 3D GIS development: the system architecture for remote access and query, the Graphics User
Interface (GUI) and the conceptual model for data organisation. The paper is organised in four sections. First, the
system architecture is elaborated, second the approach for visualisation is discussed, third the conceptual schema for
organisation of 3D spatial data is presented and finall y, some examples of queries are discussed.

2. System architecture
The remote access to 3D spatial information is one of the newest topics of research. The Web has already shown a
great potential in improving accessibilit y to 2D spatial information (raster or vector maps) hosted in different
computer systems over the Internet (e.g. http://www.visa.com, http://www.mapquest.com,  http://www.mapguide.com,
etc). 3D graphics was not transferable across the Web until very recently. The new Web standard Virtual Realit y
Modelli ng Language (VRML) has opened up the abilit y to distribute and navigate in 3D virtual worlds. Many virtual
towns, biological and geological structures, etc., become possible to explore on the Web in a relatively short time.
Most of the models, however, are uploaded on the servers as Web documents. The utili sation of VRML as a front-end
visualisation engine to a database system is on a very early stage. The research on spatial query and 3D visualisation
in VRML has resulted in a few prototype systems (see Coors et al 1998, Lindenbeck et al 1998). The design criteria,
however, is more visualisation rather than spatial analysis oriented.

The system architecture used in our approach is a server-oriented, i.e. the Common Gateway Interface (CGI)
mechanism is utili sed to access remote information. The overall structure of the system comprises a Web browser with
a VR plug-in on the client site and a Web server and a database system on the server site (see Figure 1). The system
relies on HTML documents for compositions of queries and visualisation of other data then 3D graphics. VRML
documents are intended for pointing (selection) of objects to query and visualisation of spatial analysis. CGI scripts
establi sh the protocol between the client and the server. They are responsible for the assembling of SQL queries, the
access to the RDBMS and the creation of documents (HTML or VRML) on the fly with respect to the result of the
query. Although the principal similarity to the approach presented by Lindenbeck et al 1998, our system intends more
sophisticated tasks for CGI scripts, HTML and VRML documents and thus goes a step ahead toward analysis (spatial
and semantic) of data.
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The CGI mechanism with its specific client/server protocol subdivides the process of query, visualisation and
modification of data into several different stages:

Query. The request for information per object (a particular building, an owner or a li st of co-ordinates of a parcel) can
be organised in two steps: first, the object has to be identified and second, the type of the information has to be
specified. For example, the simple query “who is the owner of this building” will require: 1) means to point the
building and 2) an appropriate interface to specify the needed information. The first step can be formulated either in a
VRML or an HTML document. In the HTML document, the query can be specified in a fill -out form (pull -down
menu, multiple choice or directly typing SQL queries).  This means that the user has to be aware of the identification
number (ID) of the object in advance, which often is impossible. The alternative, i.e. pointing the object in the VRML
document is much more attractive. Despite the lack of real pointing interface, combinations of sensors and scripts
simulate the same operation. The user visually chooses the object of interest as in a standard CAD system or GIS.

Both ways of identification of an object activate a CGI script on the server. The script deli vers an initial HTML form,
where the user makes further clarifications and sends it back to the server. First, the form parameters are processed,
the needed according to the request data are extracted, a document is created and sent back to the client station. Since
the CGI client/server architecture is stateless, each new query initiates the same process and results in a completely
new document created on the fly. Very often, however, some information of already fill ed-out forms has to be
forwarded to the next query. In this case, the information (some values of particular parameters) has to be memorised.
Since the server has no memory for previous connections, parameters are kept on the client station. The intermediate
document created contains the needed parameters in hidden for the user fields and passes them back to the server with
the new query.

The two-step schema described above is appropriate only to query information (non-spatial and spatial) about a
particular object. Many queries and analysis cannot fit in the schema due to impossible clarification of objects in
advance. Examples of such queries are “show the highest building in the town” , “show all the administrative
buildings” , “show the common walls” , “ who are the owners of the buildings along this street” . The composition of
such queries is rather complex to be organised in VRML documents. Therefore special HTML fill -out forms, where
the user types either the necessary SQL statement or other appropriate parameters, have to be created. Some of the
examples discussed later focus these queries.

Data visualisation. The information deli vered at the client site is displayed either in an HTML document (text, 2D
graphics, etc.) or in a VRML document (3D graphics and text). For example, the query “show the way between the
hotel and the nearest shop for shoes ” will result in a subset of objects (streets and surrounding houses) that can be
displayed in a VRML document. Animation may even route the user from the hotel to the shop. The result of a more
complex request “show the way between the hotel and the nearest shop for shoes and the prices of the shoes” , will be
separated into two steps. Fist, the VRML document with the geometry will be displayed. A second user action, e.g.
cli ck with the mouse on the shop will care the creation of an HTML document deli vering information about prices.



This limitation is related to the CGI mechanism to create documents on the fly. The first line sent by the server is the
MIME type of the document. The creation of two documents on the fly is impossible.

Data  modification. Using a similar approach, changes in the database on the server can be formulated and executed.
In general, changes can be formulated in VRML document, however they do not effect the data on the server. As was
specified above, the VR browser is not capable to save the modification. The link between the DBMS and the VRML
document in this respect is one-way. For example, if the operation “drag-with the mouse” is provided by the VRML
document, the user can move the object "inside the browser" but he/she cannot send the new designed position back to
the server. The way out of this limitation is an execution of CGI scripts, which will deli ver an HTML fill -out form to
describe the changes.

Local query and manipulation (exploration) means temporary changes of the data on the client station. The local
query can be understand as an exploration of some properties, which are described in the VRML or HTML document,
but can be activated and/or visualised only by user action. For example, one may what to compare several architectural
plans for a reconstruction of existing facades. The existing facades will be stored in the database and the user will
operate with several new views of the facades available as a separate image files on the server. Another typical
example is the design of vegetation and evaluation of its future development. Different types and sizes of trees can be
prepared and send to the client and the user can compare and evaluate the overall effect in different views. A way to
make such temporary design of geometric information is provided by the VRML, i.e. the suit of sensors, interpolators,
and embedded scripts. The interpolators and scripts run only on the subset of data at this particular moment at the
client station and, consequently, do not influence the information on the server neither other clients.

3. 3D visualisation in VRML
Advances in the area of computer graphics have made visual media a major ingredient of the current interface and it is
li kely that graphics will play a dominant role in the communication and interaction with computers in the future. 3D
visualisation within 3D GIS requires a number of specific issues to be investigated, e.g. appropriate means to visualise
3D spatial analysis, tools for an effortless exploration and real-time navigation through large models and texturing of
the geometry. Observations on the demand for 3D City models (see Gruber et al 1994, Leberl et al 1994, Gruber e al
1995, Razinger et al 1995) show user preferences to photo true texturing, due to improved performance of detail and
better orientation in the model. Trading photo reali stic texture rises new topics for research, i.e. collection (methods,
automation), storage (original images vs. separate pieces), mapping onto the "geometry". Specific functions of objects
modelled in VR systems and referred to as behaviours, gain an increased popularity as tools for walkthrough the
model, exploration of particular phenomena and improving of the cogniti ve perception (see Kraak 1998, Raper et al
1998).

In our approach, we pursue a maximal utili sation of 3D graphics and VR techniques to query and explore 3D models.
Since the approach relies on Virtual Realit y Modelli ng Language (VRML), a short introduction to its characteristics
will be given as well as possibiliti es to describe reali stic urban models will be discussed.

The history of VRML has started in 1994 with the first attempts of leading vendors to establi sh a Web standard for 3D
graphics. The language has passed several stages, i.e. VRML 1.0, VRML 2.0 VRML97, before it was endorsed for an
Internet standard in December’97. The first edition, VRML 1.0 was capable to describe static 3D models and link
them with VRML and HTML documents. The second version added interaction, dynamics, scripting and multimedia
interface (Web3D Consortium Inc., 1999).
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Designed for a standard Web protocol, it enables hyperlinks to other types of documents supported by the Web, e.g.
movie, sound, HTML, VRML, and scripts. It is capable to represent geometry, texture, materials and lighting, i.e. all
the components needed for the rendered scene. With respect to visualisation of real objects, VRML provides suff icient
means to achieve high reali sm. VRML supports two geometric representations: bounding faces and predefined
primiti ves. Between these two representations, our approach gives preferences to face description due to three major
reasons. First, the GIS models maintaining topology are usually based on boundary representations, i.e. they operate
with faces, points, arcs, etc. Second, most of the 3D models are re-constructed from surface measurements that are
diff icult to be combined with simple shapes (cone, sphere, cone). The third reason refers the texturing of the geometry.
VRML supports the two mechanisms to attach image to geometry, i.e. texture mapping and texture draping. The more
precise adjustment, (i.e. texture mapping), is permitted only for individual faces (see Figure 4). This is to say that there
is not a way to map, for example, six different images onto the six sides of a predefined shape cube. The operation in
this case is texture draping, i.e. the image covers the entire shape according to a rule. Texture draping is an
appropriate technique for large surfaces, represented by a set of faces, e.g. terrain (see Figure 3). Often, real objects
used to be represented as lines and points in the GIS model. Although VRML support descriptions of lines and points,
utili sation of predefined primiti ves is recommendable. For example, lines and points can be displayed as tiny cylinders
and littl e spheres or symbols (see Figure 2). The substitution usually increases the readabilit y of the VRML world.

The dynamics supported by the language ranges from techniques to play complex animation to means to detect user
actions and perform consequent events. The abilit y to represent real worlds and their dynamics places VRML among
the second-level modelli ng languages (such as Open Inventor). Since the level of reali sm and dynamics is very high,
the 3D VRML models are named worlds or virtual worlds. Every world can be almost an unlimited composition of
smaller worlds distributed on different servers all over the Web (see VRML specifications). All these features make
VRML an attractive alternative for a front-end interface to 3D GIS data on the Web.

Once designed in VRML, the model can be visualised in a VR browser. The potentialit y of VRML and VR browsers to
manage dynamics and interact with the model is still underestimated. The understanding about the VRML and VR
browsers is mostly as a system for visualisation of 3D graphics on the Web allowing real-time navigation. The specific
manner to provide dynamics and maintain interaction contributes to this opinion. It is important to reali se that the
dynamics introduced has to be described in advance. If one wants to be able to cli ck on a building, a special operator
(sensor) has to be attached to this building in the VRML document. If one wants to have animation of a walk on a
street, the route and the speed of walking have to be specified in VRML. The VR browser provides the freedom to
move inside the world while the particular dynamics runs. These features of the VRML concept are further explored
for an experimental GUI for 3D GIS.
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4. 3D GIS conceptual model
The common understanding is that conceptual model (and its corresponding logical model) is the key element in a 3D
GIS. The conceptual 3D model integrates information about 3D geometry, semantics and 3D spatial relationships (3D
topology). The conceptual model provides methods for the description of real objects and spatial relationships between
them. The design of a conceptual model is a subject of intensive investigations and several 3D models have already
been reported (see Brisson 1990, Molenaar 1992, van Oosterom et al 1994, Pigot 1995, Pilouk 1996, Kofler 1998).
Since speciali sts with different background conducts the research the emphasis varies. The research in 3D computer
graphics is toward algorithms and structures for processing of large 3D data in real time, photo-reali stic visualisation
and extended VR tools for interaction with the model. The research in the GIS community is directed to the
development of models for maintenance of 3D topology. Little evidences of investigation on both 3D spatial analysis
and visualisation are discovered (e.g. Coors et al 1998).

Molenaar 1989 introduces a concept for a 2D GIS named "Formal Data Structure", which follows an integrated
approach for describing geometry, semantic and spatial relationships in one spatial model. Later it is extended to
comprise 3D information and texture in several successor models. The model is one of the mostly studied (see Rikkers
et al 1993, Bric 1994, Pilouk et al 1994, Pilouk 1996, Baucic 1995, Kofuniyi 1995). The investigations in 2D and 3D
spatial analysis have shown promising results, which motivated the initial consideration of one of the variants, i.e. 3D
FDS (see Figure 6). Experiments with 3D FDS and its suitabilit y as a conceptual model for our approach are discussed
in Zlatanova and Tempfli 1998.

Here, we will mention shortly the most important conclusions. 3D FDS supplies suff icient data for rendering, it can be
easily extended to accommodate data about behaviour and geometric attributes, however the time for creation of
VRML documents is rather long. The following conceptual characteristics influence the time for documents deli very:
• lack of expli cit boundary information per objects, i.e. an additional algorithm to collect all the faces per object is

required;
• explicit storage of relationships arc on face and node on face and the implicit description of holes, which create

rendering pitfall s;
• maintenance of texture per face, which imposes the limitation to texture a face with only one image.
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Analysis of the disadvantages of 3D FDS for visualisation, limitations of rendering engines (OpenGL, DirectX)
utili sed by the VR browsers, as well as the data organisation in VRML has resulted in a new Simpli fied Spatial Model
(SSM). The relational implementation of the model, named Simpli fied Spatial Schema (SSS) is shown on Figure 7.
According to the schema, four relational tables can represent each geometric object, i.e. point, line, surface and body.
The _D table contains description of geometry, the _A table contains information about radiometric parameters (i.e.
colour), the _B table contains behaviour parameters and the _T table intends semantic information. Note that SSS is
an elaboration only in the geometric domain. Semantic characteristics of objects are only indicated in the _T tables
with only one field (tema). The behaviour of objects is represented by two fields, i.e. event initiator (e.g. "cli ck with
the mouse") and event response (e.g. "start animation"). Nodes and faces form the four geometric objects. The
introduction of SSS is reported in Zlatanova and Gruber 1998.
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SSS has a number of new features, which preserve the potentialit y to maintain 3D topology and at the same time
facilit ate the visualisation process needed for our approach. Some of these features are li sted bellow:
• parameters describing behaviours of objects are introduces (e.g. a door can be open)
• parameters describing radiometric properties of objects are included (e.g. colour, texture)
• the information about texture is maintained per surface and body objects, which simpli fies the storage of images
• arcs are not maintained, which benefits the traversing time and the storage space
• the geometric object body is expli citl y described by faces, which facilit ates VRML composition



• sequence of the nodes in a line is indicated, which allows beginning of a line to be specified
• arc-on-face, arc-in-body and node-on-face relations do not exist, but a new relation face-in-body is introduced,

which ensured the correct rendering (the arc is incorporated in the face)
• composite objects are introduced, which extend the potentialit y to manipulate objects.

5. Prototype system
Besides validation of the concepts presented (the system architecture and the conceptual model), the prototype system
aimed at a simple, low cost, easy for implementation solution. A study on user requirements summarised in Zlatanova
and Bandrova 1998 has revealed needs for 3D data which, however hardly can be satisfied due to the rather high cost
of the third dimension concerning each phase: data acquisition, maintenance, analysis and visualisation. The prototype
system had to investigate whether the user could be supplied with reliable non-commercial (or low cost) software and
moderate hardware to complete the variety of tasks.

Apache is the Web server selected for the prototype system. The Apache server is a freely available server written by a
non-profit team of developers, i.e. the Apache group (see The Apache Group, 1999). Off iciall y released as Apache in
April 1995, the daemon was already the most popular one on the Web based on HTTP protocol. Since that time it
gained a lot of popularity with its stable work, many advanced features, a relative easy set up (see Stein 1997). Apache
works under many operation systems (Windows, UNIX, Linux), on microcomputers and workstations, does not require
large disk space (1.5Mb). The processor and memory requirements are unpretentious (it can be installed on 486DX
with 16Mb RAM). The server has already been quite a long time in use and most of the bugs are already fixed. All
these considerations influenced the election of the Apache server.

MySQL is client-server DBMS supporting SQL (see T.c.X. DataKonsultAB, 1999). MySQL consists of a server, client
programs and libraries. The freeware server is launched for the first time in 1996 with the idea to deal with very large
databases, which no vendor can provide. Although the limited functionalit y (hosted SELECTs and views are still
missing), the system has a lot of attractive characteristics: available for almost all kinds of platforms, variety of API’ s
(C, C++, Perl, Python, Java, TCL), very fast JOINs, mixture of tables from different databases in the same query, very
fast B-tree disk tables with index compression, in-memory hash tables which are used as temporary tables, etc. Several
benchmarks have showed significantly better speed performance than many RDBMS. The database lacks of GUI (e.g.
“query by example” ), which however was not needed for our system architecture.

Perl language is the favourite for CGI scripting. Developed originall y as a Unix language, it is now available for most
of the computer platforms and can be freely downloaded from Comprehensive Perl Archive Network (CPAN, 1999).
Although the CGI scripts can be written in any language, usually, preferences are given to interpreter languages when
command-line-based operations has to be performed. A typical example of such programs is the submission of SQL
queries to the database. Another crucial advantage of the language is the large number of freeware CGI scripts,
libraries and API’ s, which save program efforts. Two of them, i.e. CGI.pm and DBI.pm to create fill -out forms and
access MySQL database were used for the implementation of the system. More information about them can be found in
Stein, 1998 and Wiedmann, 1998.

The Web server and the RDBMS are installed under LINUX on Pentuim 133 MHz, 96 Mb RAM. The experiments
were conducted from a client station equipped with Netscape and Cosmo player, running under Windows 95. The
understanding was that an acceptable performance on such a configuration with test data will be an encouraging
indication for acceptable performance of large data sets on a better hardware configuration. The first test site, i.e. the
central part of Enschede, contains photo-textured buildings DTM, trees, lampposts, streets and parking lots (see
Figure 8). The model is relatively small but contains most of the tables according to the conceptual schema. The
second test site, i.e. Vienna, consists of only buildings (see Figure 5). In contract to the first model, the second one is
relatively simple but with a size compatible to size expected for urban models. The buildings have an arbitrary number
of walls and have no texture. Whilst he first data set is used mostly to ill ustrate the GUI and suggested manner to
compose queries, extract data and perform results, the second one was exploited for speed performance of the system
(reported in Zlatanova 1999). The prototype systems as well as all the examples are available on http://barley.itc.nl.

Example1: SELECT queries
As it was discussed before the CGI script not only executes the spatial query but also represents the result in an
appropriate VRML file. The interface in this case is based on a two sections in a framed HTML document (see Figure
9): the left part is reserved for typing SELECT statements and right part is used to display either HTML or VRML
documents. Since the syntax of the VRML requires a structuring of the geometric data different than the conceptual
schema, the SQL statement has to ensure suff icient data and an eff icient ordering for the VRML creation. Therefore
the data and the order required are displayed in the fill -out form. The form correctly fill ed is send to the server



(Submit button 1) and an HTML document is created as a first document (on the left side of the frame). On the basis
of the result obtained, the user decides whether to continue with VRML creation. The intermediate step can be avoided
with a control over 1) the fields in the form and 2) the data extracted from the RDBMS. Such control, however, will
restrict the form to creation of only VRML documents and therefore is not performed. Figure 9 shows a snapshot of
the Web browser after VRML visualisation.

Required SQL syntax

VRML document

Submit button 1 

Vields for SQL 
statements
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The next example deals with queries and analysis which cannot be expressed by one SQL statement, e.g. "find the
nearest building", "find shortest way", "visibilit y check"” , etc. In such cases, the development of series of speciali sed
HTML fill -out forms is inevitable. All the forms designed to treat a specific query can be offered to the user in an
individual HTML document.

Example2: Common faces
Two fill -out forms are created to ill ustrate a query of neighbourhood relationships, i.e. "find common nodes" and "find
common faces". The user has to type the ID of the objects, i.e. the user has to be aware of the objects ID. As was
discussed above, the ID can be provided with a VRML document. An option to analyse more than two objects is
offered, as well . An asterisk, instead of ID, extends the search among all the objects in the database. For example, the
query “visualise all the common walls” is reali sed using asterisks in both ID fields (see Figure 10). The result of the
query is visualised in the right section of the form. In the example, two bodies have a common face (invisible). CGI
scripts processing such queries acts has an extended function, i.e. a completion of a query, which cannot be obtained
using only SQL statements.

Result of the query

ID second object

ID first oject

Field to import coordinates

Points of visibility 
disturbance

First point

Second point

Traversing line
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Example3: Visibility check
The last example demonstrates the potential of VRML to facilit ate and simpli fy complex analysis. The field of vision
(or line of vision) is an important information for telecommunication, geodetic, military etc. companies and
organisations. For example, a mobile telephone company could be interested in the verification of the actual position
of a transmitter. This can be translated to a query "check the visibilit y between the position of the transmitter and the
roof of that building" or "show the range of the transmitter". Two 3D co-ordinates or ID of objects or co-ordinates and
range of the transmission (e.g. represented as a cone) may be the required input for such queries.  The outcome of the
query must be a set of objects, which disturb the view that, in fact, will force complex 3D intersection algorithms. The
answer to this question, however, can be obtained by a visual inspection of the actual path of a traversing line between



the two points. A form to ill ustrate the idea is shown on Figure 11. The user has to import co-ordinates of two points,
and as a result he/she gets a VRML document with a subset of the model surrounding the points of interest. A line
trough the points traverses the direction. The user can navigate around the disturbing object, inspect and evaluate the
situation. Appropriate sensors (elaborated variant of Touchsensor ) attached to the objects will provide identification
information, e.g. the ID of the objects or the name of the owner (company or private person).  More examples can be
found in Zlatanova 1999 or on the Web site.

6. Conclusions
The paper presented system architecture of a 3D GIS on the Web and a corresponding appropriate conceptual schema
for database organisation.

The approach has several important advantages compare to the attempts for extensions of commercial 2D GIS and
CAD systems or the development of a 3D GIS from scratch. First, the system is built on components and mechanisms
commonly used and available on the Web. This implies that the approach can be implemented in short terms with
minimum efforts. The actual implementation work is related to the development of suitable CGI scripts Java applets or
ECMAscripts. In fact, the software developer is released from the data management and rendering tasks, which are
responsibiliti es of respectively DBMS and browsers. Second, the combination of HTML, VRML and other types of
transferable on the Web documents (movies, images, sounds, etc.) extend the functionalit y of the information system
toward an utili sation of different data formats for data organisation. Moreover the data can be distributed on different
servers all over the Web. The basic principles of the Web are practicall y spread over the 3D GIS. This is a feature,
which hardly can be observed in a single GIS or CAD system. Third, the utili sation of VRML as a front-end engine
ensures 3D visualisation of spatial analysis and real-time navigation through the model. Fourth, such an approach
does not require any specific software on the client site. Web and VR browsers are freely available on the Web. Fifth,
the approach assumes a database organisation according to unified conceptual schema of all the information of interest
per real object. Although discussed for spatial objects, the conceptual schema can be easil y extended to comprise non-
spatial objects. The incorporation of spatial and non-spatial objects will enable complex interrelated analysis between
them.

The work on the approach has revealed the criti cal role of the structuring of data on database level. In this respect, a
conceptual schema, which preserves the traditional functionalit y of GIS systems and extends it to 3D, ensures a fast
traversal of the relational tables and facilit ates the exploration of the model by storage of object's behaviours was
introduced and successfull y experimented. The conceptual schema takes into consideration both topologic and
visualisation requirements.

Despite of the promising results, the approach has a specific limitation, i.e. CGI scripting restricts the functionalit y on
the client site. Currently, editing operations can be performed by several sequential connections to the server. A
possible way out is the utili sation of Java applets instead of CGI scripts. Further investigations are necessary to specify
the types of behaviours, which can be maintained in the database. In case of multiple behaviour per object, the
conceptual model needs further elaboration.
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