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Abstract

The three dimensional Geographic Information System
(3D GIS) isan areaof intensive investigations. A 3D GIS
should be asystem cgpable of maintaining and analyzing
3D gpatia and thematic properties of red geographic
objeds. Most of the reseach efforts concentrate on
stand-alone solutions. However, recent innovative
technologies developed on the World Wide Web alow
client-server aternatives of 3D GISto be studied.

The paper presents an approach to query, modify and
interad with remote spatial databases, which aiming at
providing functional capabilities of a 3D GIS. The
approach is based on dynamicaly creged VRML
documents to patray 3D graphics (spatial data), HTML
documents to formulate SQL queries, CGI scripts to
access the database. The techniques proposed are
examined by a prototype system. Working examples of
spatial queries are described in detail and performance
tests are discus=d at the end.

Keywords. client-server, CGI, spatial queries, SQL,
HTML

1 Introduction

The increased complexity of tasks in many applicaions
seeks for an integration of 3D spatial and thematic data
and mutual relationships. Existing systems either fall
short to ded with 3D geometry (2D GIS) or ladk
extended spatial and thematic analysis (CAD). For
example, queries such as “show which buildings have a
common wall”, "show which pipe goes through this
building”, “show all the offices, which are on the second
floor” «ill can not be acomplished by any of the
commercially available systems. In this resped, many
authors consider a 3D GIS, which maintains 3D
topdogy, spatid and thematic information, the
successful solution (see[11],[15]).

One of the dhallenges for the 3D GIS development is
remote acces aaoss the Internet. The issue has three
central aspeds 1) organization of data on the server, 2)
means to formulate queries and 2) visudizéion of the
resulting information (basicdly 3D graphics and text) on
the dient station.

The Web has arealy shown a grea potential in
improving accessibility to spatial information hosted in
different computer systems over the Internet. The
commonly implemented approach is the provision of
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Internet access to existing systems (CAD or 2D GIS),
eg. Intergraph with GeoMedia, Autodesk with
MapGuide, ESRI with ArcView Internet Map Server.
However, the spatial information supplied is 2D (i.e.
raster or vedor maps) and the scope of queriesis limited
to the ones predefined by the vendor (see &so [8]).

Until recently, 3D models were not diredly
accessble on the Web. The Virtual Redity Modeling
Language (VRML) was designed to fill the gap. Since
December 1997 when it was approved as a Web
standard, it has gradualy gained poplarity for
visualization of urban models (see [3],[10],[13],[14]),
geologicd  structures  (see [9]), historicd or
architedurally significant building constructions (see
[6].[12]), tourist information (see [4]) etc. Most of the
VRML models creaded so far are pre-designed files
stored on the server. Dynamicdly creged VRML
documents are reported only by Coors et al and Gahedan
(see[7],[9]). The language, however, has the potential to
describe the behavior of objeds, provide links to ather
documents on the Web, represent interrelations that can
be used to retrieve and visualize 3D spatial information
and thus srve @ an interfaceto 3D GIS..

The gproach of a 3D GIS on the Web presented
here, relies on a Database Management System (DBMYS).
The data ae organized acwording to a nceptual
schema, which integrates 3D topdogy, spatial and
thematic data. Pradicdly, the database supplies
information for both 3D spatial analysis and visuali zation
queries completed with the help of SQL statements. The
access to the database is controlled by CGI scripts.
Dynamically creaed VRML and HTML documents
provide the Graphic User Interface (GUI) to complete
queries, visualize results and explore 3D models. The
VRML documents contain extended information for A
similar approach with dired access to an integrated
database via aSpatial Data Manager is presented in [2].
However, the space is restricted to 2D and the user
interads with the map through Java gplets.

The paper is organized in the following order: first a
short overview of the VRML syntax is given, second, a
detailed description of the system architedure is
presented, third the most significant requirements for the
conceptual schema ae mentioned and finaly, severa
examples of 3D gpatia queries are discussed. The
performance results obtained of two data sets form urban
ares are given to qualify and illustrate the gproach
presented.



2 VRML and VR browsers

VRML is a high level objed-oriented language for the
description of scenes and the behavior of objeds.
Initially based on the SGI Open Inventor file format for
exchange of data, the language has passed through
severa stages, i.e. VRML 1.0, VRML 2.0 VRML97,
before its endorsement as a Web standard. The syntax of
VRML is based on objeds (nodes) with parameters
(fields). A number of nodes are responsible for the design
of the scene: description of geometry (regular and
irregular shapes, grids, text), illumination of the model
(diredional, spat, point and ambient lights), materials
and textures (draping and mapping of JPEG, GIF, PNG
image file formats). Combinations of another nodes, i.e.
sensors, routes and interpolators introduce dynamics.
Sensors deted viewer adions (e.g. mouse move, click,
drag), time danges and viewer positions (visibility,
proximity, collision). Routes dired cgptured events to
interpolators to alter some fields (color, position,
orientation, scde). While egpropriate for dired
animations, the mechanism is insufficient for
descriptions of complex adions, eg. the ontrol of
sequential clicks with the mouse on an objed. In case of
complicated movements and manipulations, the script
node referring to Java gplets and JavaScripts, may be
employed. The proto node supplies the user with atoadl to
design his’lher own sensors and interpolators. Common
Gateway Interface(CGl) scripts embedded in the body of
the VRML document all ow establishment of connedions
to any applicaion on the server. All the VRML nodes
can be agregated in various complex hierarchicd
composites and altered together. More detail s about the
syntax of VRML can be found in [5].

The scene designed acording to VRML is gored in
an ASCII file. Spedfic visuali zation software, i.e. Virtual
Redity (VR) browser is necessary to dsplay data on the
screan. Therole of VRML document and VR browsersis
different. The VRML document supplies the parameters
for scene design and the dynamics of objeds while the
VR browser takes care of scene rendering and the
interfaceto navigate through and interad with the model.
Initialy, the basic function of the VR browser, besides
visualization, was only red time navigation through the
model, i.e. provision of virtual redity techniques:
examine, fly-over, walk-trough, pan, zoom. The second
edition of VRML granted the VR browser with new
responsibiliti es, i.e. detedion of user interadions with
objeds if they were described in the VRML file. Plenty
of freeware and trial versions of VR browsers can be
downloaded from the site of the 3D Web consortium (see
(1]).

The potential of VRML and VR browsers for 3D
modeling is still underestimated. The understanding
about the wuple VRML-VR browser is often that it was
a system for visualizing of 3D graphics on the Web
allowing red-time exploration. This impression is
creaed mostly by CAD and GIS vendors, which offer
export of their modelsin VRML. The models creaed are

static 3D worlds lacking dynamics and pant-and-click
cgpabiliti es. In the next sedions, it is demonstrated that
VRML and VR browsers can serve the more
sophisticated tasks that are needed for a 3D GIS, i.e
query of the objeds of the model to oltain thematic or
spatial information.

3 The approach

The dient-server architecture presented here is based
on the CGI mechanism to accessremote data. The main
components of the system are a Web browser with a
VRML plugin on the dient site, a Web server and
DBMS on the server site (see Figure 1). A set of CGlI
scripts ads as an intermediate  communication unit
between the dient and the DBMS.

The entire process of information extradion can be
caegorized into several groups, i.e. identificaion, query,
data modification and exploration.

User identification and database selection. At the
first stage, users are given options to chose amodel (e.g.
a town or even a neighborhood might be in a separate
database) and the operations desired (query and
visualization or updating). The database can be seleded
inside an initial HTML document (by filling out a form
or seleding an areaof interest in a2D map) or a VRML
document (pointing on a 3D map). Among the variety of
approaches to spedfy the scope of operations, the most
convenient one is the provison of the often used
operations (e.g. query and visualize) for all the users.
Thus any user can fredy send queries and receave
responses without restrictions until an attempt to change
data in the database.

GIS Server GIS Client

Web browsers

HTML browser

—ﬂ VRML browser

local query&manipulation

Scripts : Java,

database query&modification

—> query ; —) responce
Figure 1: System ar chitecture

Query. The request for information about an objed
(e.0. a building, an owner, a parcd, a stred) is broken
down into two steps: objed identificaion and
information spedfication. For example, the simple query
“who isthe owner of this building” will require meansto
1) point to and seled the building and 2) seled the
attribute “owner” among all the building charaderistics.
The first step can be formulated either in a VRML or an
HTML document. In an HTML document, the objed can
be spedfied by typingitsidentifier (ID). Most likely, the



user is not always aware of IDs in advance A more
attradive dternative is the recognition of the objed in a
VRML document. The VRML file in this case has to be
creded such as alink between the ID in the database and
the objed on the screen (i.e. the VRML node in the
VRML document). The user points the objed of interest,
observesits ID and composes the query.

The identification of an objed adivates a CGI script
on the server. The script returns an HTML form, where
the user further spedfies the parameters. The CGI script
processes the form parameters, extrads the needed data
from the database and creaes a document on the fly,
which is @nt badk to the dient station by the server.
Since the CGI client/server architecture is sateless eadh
new query will initiate the same process and the result
will be a ompletely new document. If the parameters of
the previously completed form are involved in the new
guery, they should be memorized on the dient station.

The two-step schema described above is appropriate
only to query information (non-spatial and spatial) about
a particular objed. Many queries and analyses cannot be
fitted in the schema because it is difficult to clarify the
objeds 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 dred”.
Sedion 6 elaborates on severa examples of spatial
gueries discuses both cases query of individual objeds
and complex queries.

Data modification. Since VRML in its current stage
ladks nodes for dired database accss editing of data can
not be organized implementing the standard VRML
syntax. The modificaion, completed by the user inside
the arrent VRML document cannot be transferred to the
server either. For example, the operation “drag-with the
mouse” described in a VRML document by a auple of
standard nodes that allow the user to move the objed
inside the browser, will effed neither the original VRML
document nor the objed in the database. In the here
presented approach, CGI scripts conduct the editing
process Similarly to the operations described above,
HTML completed forms and VRML documents
participate in input-output process Example 2, Sedion 6
explains the sequence of operations. An alternative,
which makes use of Java gpplets and the Common Objed
Request Broker Architecture (CORBA), is presented in
[7]. The gproad, however, requires extensions of the
TCP/IP protocol, which are not widely implemented on
the Internet yet.

Exploration and local modification addressdiscovery
and (or) temporary changes in the model on the dient
station. The exploration can be interpreted as a locd
guery of some objed properties, which are delivered by
VRML documents, but can be adivated and/or observed
only on user request. Many examples of VRML worlds
guiding the user through rooms, towns, scientific models,
computer systems, etc. are available for access on the
Web (see Congress Center, Airport Schipal, Twente
Music Centrum). A combination of appropriate VRML

nodes may fadlitate even the dedsion-making process
For example, an uban planner may want to compare
several architedura projeds for a renovation of building
facales. She/he @an operate on the several new views,
e.g. switch them sequentially and olserve the dfed. The
new views can be organized as different texture, kept in
separate image files on the server (see Sedion 6,
Example 2). Other typicd examples are: design of urban
green areas and evaluation of the treegrowth in a cetain
period d time. Different types and sizes of tree models
can be prepared and sent to the dient in one file. Only
one of al the possible solutions is visible & a time,
therefore, a perception of design is creaed.

In general, documents can be displayed at the dient
screen in a owmmon window subdvided in frames,
several new windows or combinations of them. In the
prototype system, preferenceis given to a mommon Web
window (split into several frames). Although separate
windows provide the user with more freedom to resize
and adjust observed models, the ntrol over the
windows and information inside is rather compli cated.

The data delivered at the dient site is displayed either
by an HTML browser (text, 2D graphics, etc.) or a VR
browser (3D graphics and text). For example, the query
“show the way between the hotel and the neaest shop for
shoes " will result in a subset of objeds (streds and
surrounding houses). An appropriate animation can even
route the user from the hotel to the shop. The result, in
this case, can be displayed in one VRML document. A
number of queries, e.g. “show the way between the hotel
and the neaest shop for shoes and the prices there”,
however, may require HTML and VRML documents to
be aeaed simultaneously. Unfortunately, due to
restrictions in the CGI mechanism for dynamic credion
of documents, the delivery of only one document per
sesdon is possble. Thefirst line sent by the server is the
MIME type of the document, which gives an indication
to the browser which plug-in (in this example VR
browser) to adivate. This limitation can be mmpensated
only at the price of a new client-server session. Hence,
the example &ove will be subdivided into two steps:
first, the VRML document describing the geometry will
be displayed and seoond, a new user adion, e.g. click
with the mouse on the shop will creade aan HTML
document containing the prices.

4 VRML for visualization and
interaction

As indicaed above, the VRML document can be aeded
either as a simple document for visualization and
navigation only or as a cmmplex, point-and-click and
dynamics enabled document. In the fist case, only the
functionality of VR browsers, i.e. fly-over, walk-trough,
examine, pan, zoom can be employed. In terms of GIS,
simple VRML documents are gplicable only for end
visualization, i.e. no further information isto be queried .



The semnd type extends the aility to interad with
the model almost unlimitedly. For example, ead objed
in the current VRML document can be aclickable objea
invoking Java @eplets, CGI or Java scripts.
Consequently, a new query to the database (on the
server) or query of the VRML document arrived (on the
client station) could be the next adion. The new query
could result again in a omplex VRML document. To
ill ustrate the extended passhiliti es of such approad, an
user who neads accommodation information will be
considered. In the initial VRML document, the first click
on the doar of a hotel (Javascript, the same document)
will alow the user to enter. The second click on the
reception desk (CGI script, new HTML document in a
new window) will show prices and avail able rooms. The
third click on a button of the lift will open the doar
(Interpolators and routes, the same VRML document).
The fourth clicking on a board to move the lift (CGI
script, new HTML document in a new window) will ask
for the number of the floor. The fifth click on the send
button (CGI script, new VRML document) will display
the crridor on the 4™ floor, and so forth. In such a way,
network analysis might be redized. In the example, five
clicks of the mouse adivate three CGI scripts (three new
documents are dynamically creaed), one Javascript and a
couple of VRML interpolators.

An interesting issue is dynamic composition of such a
complex VRML document. The first basic operation, i.e.
identification of a cetain objed, is already problematic.
As was mentioned before, the VR browser is not a
complete GUI, e.g. paint-and-click operation is not a
responsibility of the browser. The browser reads on user
adions (other than ravigation) only if they are initially
and explicitly described in the VRML document. A
particular sensor has to be atached to a particular objea
before the user is able to interad with that objed. The
next step is the cmposition of the resporse. What does
the user want to achieve seleding this objed: text,
graphics, image, spatia analysis, attribute information,
data aout the seleded oljed or about other objeds? In
this approad, the dedsion on the type of sensor, the
target objed and the resulting event (CGI script or Java
script, or appropriate VRML nodes, or files on remote
servers), has to be taken by the CGI script during the
dynamic caedion of the document. Clealy, the set of
CGl scripts beames a aiticd element in the system and
could cause problems on the server due to:

* drastic increase of the number of CGI scriptsin
case of complex sequential queries, which will
compli cate the script management

» sophigticaed algorithms, which will require
longer time for the dynamic compasition of
VRML documents

* long VRML documents, which will give rise to
negative effeds in two dredions: occupation of
the server and long waiting time at the dient site.

So far, only a user adion has been considered as a
possble input event to initiate an adion. As was
mentioned at the beginning, VRML is cgpable of sensing
two ather types of events: 1) dynamic interadions among
objeds and 2) time related changes. For example, a
collision between two moving objeds, a mllapse of a
buil ding after a cetain period d time or due to a mntad
with another objed (e.g. plane), a aash of a plane if
touches the ground, etc.

Apparently, VRML has the potential to describe
complicated static and dynamic spatial interrelations. The
dynamic aedion of such complex VRML documents,
however, is not an easy task.

To avoid o reduce the undesirable dfeds of CGI
scripting and facilitate management of dynamic
interadions, the proposed system stores appropriate
supplementary information about behavior of objeds in
the database. An objed is described by its attributes,
relationships and behavior (see [16]). The behavior in
the geometric domain defines dynamic changes and
interadions related to charaderistics of objeds sich as
shape, position, colour, etc. However, behavior can be
extended to comprise changes and interadions in the
virtual world. Thus, a variety of parameters, scripts,
smal VRML files, animations, etc. per objed that
fadlitate and simplify the work of CGI script can be
ceptured in the database. The result is a possbility of
CGl scripts gandardization, which consequently
deaeases their number and reduces their size Large
worlds (i.e. long VRML files) can be partitioned into
several smaller ones by assigning behavior to spedfic
objeds (doors, windows, etc.). The world can be
remnstructed afterwards on user request as only one
script is sufficient to deliver the entire file. The hotel
example given above will have aseparate objed “board
in the lift” with a behavior “moves up”. The behavior
can be implemented on a database level as “on-click
adivate which-floor CGI script” with two fields event
initiator and event response. The field event response
contains the script, which controls the movement, and
some parameters to identify the floor. The number of
parameters may vary depending on the type of the
interadion. The plane aash on the ground, for example,
will neal three parameters: to identify the event (touch),
the oonflict objed (ground) and the resulting adion
(crash, e.g. short animation).

5 Conceptual schema

The database integrates a variety of information in order
to serve alarge spedrum of tasks: spatial and thematic
analysis, 3D visualization (some gplicaions may need
redistic), manipulation of objeds and introduction and
control of behavior. The exhaustive list of requirements
to the database is quite long, therefore only the most
important ones are mentioned here:

* dtorage of thematic and spatial information per
objed



 dtorage of physicd properties of
(material, texture)

 suppat of gspatia analysis (neighborhood,
proximity)

o ahility to provide data for visualizaion in
VRML, i.e. faces, orientation of faces and pants
bordering the faces.

» dtorage of parameters describing the behavior of
objeds

objeds
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Figure 2: Relational implementation of the conceptual
schema

Furthermore, the result of the user query is
dynamicdly creaed, which asks for response times that
are accetable to the users. The time interval between
sending the query and displaying the data is a compound
of: 1) the time nealed for data traveling between the
server and the dient, 2) the time for data parsing at the
client station, 3) the time for database traversing and 3)
the time for document composition. Indeed, one way to
speda up the process and improve the performance is a
careful seledion of client-server hardware and software,
in particular DBMS, language for programming and
browser for visualizaion. An additional way, which is
discussed here, is optimization of the amnceptual schema.

The mapping of the @nceptual schema onto a
relational data structure is given on Figure 2. Four types
of geometric objeds, i.e. point, line, surface and body are
suppated. The basic constructive objeds are face and
node (not to be mnfused with nodes in the VRML
syntax).

Each objed is represented by four relational tables.
Tables with extension _D contain the information about
shape and pasition of objeds, tables _A ke parameters
about physicd properties and tables B give some
information about eventual behavior of objeds. Sincethe
thematic information is not elaborated, tables T are
limited to a ssmple indicaion of the objea class Each
objed has a unique ID. Complex objeds are described as
aggregations of body, surface line or point objeds.

Complex objeds may have their own behavior. For
example, the building of the hotel can be linked to a
script (adivated by input event “mouse over”), which
provides me thematic information. The entrance doar,
however, may read independently (adivated by “mouse
click”).

A coding of the geometric objeds and corresponding
constructive objeds based on R-treegrouping is provided
(field rtree in _D, FACE and NODE tables) in order to
spedal up traverse of the tables, fadlitate the maintenance
of the information and extend the spatial analysis toward
diredional analysis. More details about the conceptual
schema and the R-tree ca be found in [16].

6 Examples of Queries

Two 3D urban models are aeaed and organized
acording to the mnceptual schema to illustrate the
functionality of the system. The first 3D model contains
photo-textured buildings, DTM, trees and lamppasts of
the central part of Enschede, the Netherlands. The model
isrelatively small but all the geometric objeds acarding
to the conceptual schema ae represented. The second
model consists only of buildings (presented as BODY
objeds) of Vienna, Austria (see Table 1). In contrast to
the first model, the second one is relatively ssimple but
with a size which can be expeded from red models. The
buil dings do not have textures assgned. All the examples

presented in the paper can be accesd at
http://barley.itc.nl.
Examplel: Query of spatial and thematic

information. The example is aredization of the two-step
query discus=d above, i.e. demonstrates an extradion of
information about a particular objed. The user has access
to the VRML document with a point-and-click option
and can visually choose an objed (e.g. building). A click
with the mouse on the building adivates a CGI script,
which delivers the Query-Result sections (seeFigure 3)
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Figure 3: Query interior of a building

In the Query section, a pull-down menu offers svera
choices: coordinates of the building, the image file used



to texture the wall s of the building (in this example only
one image file is used for all the four textured walls), a
VRML document, containing only the building of
interest, and the interior of the building. The request has
to be sent to the server by cheding the Submit button.
The CGI script creaes and sends to the dient a new
HTML document in the sedion Result. Figure 3 shows
the interior of the building as an embedded panoramic
movie (accesible through the SmoothMovie plug-in).
Pradicdly, any standard Web document (movie, sound,
animation) is applicable for visuali zation of results.
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Figure 4: Changing texture coor dinates of a building

Example2: Modification of information. The next
example presents the sequence of steps to change
infformation on the database level. Again, the initial
VRML file hasto be equipped with the necessary sensors
to deted user adions. A click on a building adivates a
CGlI script, which delivers a form with Change-Values
sedion. The snapshot shown in Figure 4, shows the
interfaceto change texture mordinates. This refers to a
case when the user wants a replacement of an old facale
with a new one. VRML syntax requires the name of the
new image file and ties paints to corredly map the image
onto the crresponding face Here, only the steps to
adjust the texture ordinates will be explained. The
submission (Submit button 1) of an item selected (i.e.
texture coordinates) adivates a search in the database for
old image mordinates and then displays them in the
sedion Values. The new-typed values (sent by Submit
button 2) are replaced in the orresponding fields in the
database and a VRML document considering the new
coordinates is creded for validation. The Web user
visually inspeds the texture mapping and correds the
values if necessry. Usually, several repetitions of the
procedure ae sufficient for complete ajustment. In a
similar way, geometry coordinates and names of image
files used for texturing can be replacal (edited) with new
ones.

The second textured building in the Figures 3 and 4is
an example of a local query as was defined above. A
click on that building changes the facale, i.e. the image
file used for texturing is replaced with a new one. A
combination of sensors, routes and Javascript provides a
“switch-image-on-click” operation. Thus the user may

change a arbitrary number of facale images by
sequential clicking on the building. However, no
connedion to the server is made becaise dl the images
are included in the VRML document in advance The
medhanism reduces the traffic to the server, however, it
has to be used carefully beaing in mind the size of the
VRML file.

The examples above represent operations on one
objed and the query and modificaion are restricted to
the doices given in a pull-down menu. Despite the
obwvious limitations, the gproad is very appropriate for
a broad audience of Web users. A speda knowledge
about the information in the database and the conceptual
schemais not necessary.

Example3: QL queries. Experienced and qualified
users can be dlowed to send SQL statements to the
database and visualize the result of queries in VRML
documents (in case of spatial queries). Several SQL
forms deding with different situations, i.e. “free SQL
query”, “SELECT”, “SELECT+visualize " ae designed
and available for testing in the experimental site. The
paper discusses only the “SELECT+ visualize” fill-out
form (seeFigure 5).

The syntax of the VRML requires a structuring of the
geometric data different to the one in the cnceptual
schema (will be discussed later). A CGI script can re-
organizethe geometric data obtained from a query only if
they are gpropriate for a VRML document. For
example, the query “which are the walls of building 1"
can be represented by the following SQL expresson (see
also Figure 2):

SELECT fid FROM bodyg, face WHERE bidg=1
and fidg=fid
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Figure5: SELECT and visualizein VRML document

The extraded data (ID of faces), however, is useless
for a VRML document. SQL statements have to ensure
sufficient data in a strictly defined order (seesedion 7).
In the example, the required SQL expresson is given in
the HTML fill-out form. An intermediate HTML
document (not visible on Figure 5) guides the users in
his/her dedsion whether to proceal further with a VRML
document credion. The intermediate step can be avoided



by control over fields in the form and data extraded from
the RDBMS. Such control, however, will restrict the
form to credion only of VRML documents, therefore it
is omitted.

The free accssto the database provides a mechanism
to spedfy and visualize awide range of spatial queries.
Eadch request in the spatial domain (formulated by spatial
or non-spatial conditions), which can be described in one
SELECT statement, in pradice, can be visuaized in a
VRML document. Examples of such queries are: “which
are the buildings higher than 20m”, “show the buildings
in a particular area”, “show all the streds’, “show all the
administrative buildings’, etc.

Example 4: Embedded queries. The last examples
available on the experimental site ae related to spatial
gueries and analysis, which cannot be expressed by a
singe SQL statement. A solution based on a series of
spedalized HTML fill-out forms and VRML documents
(containing the resulting objeds) is implemented, e.g.
forms to clarify neighborhood relationships (i.e.
“common nodes’ and “common faces’). The role of the
user in such queries is to indicae the objeds and
relationships that are to be analyzed. The CGI scripts
processng such queries asist the RDBMS in the
completion of the query, in contrast to the previous
examples where they are responsible only for the transfer
of parameters and dynamic aedion of documents.

7 Performance

All the examples and experiments are cmpleted on a
prototype system with the following charaderistics:
server PC Pentium 133VIHz, 96MB RAM, LINUX
operation system and Apache Web server; client PC
Pentium 166MHz, 64Mb RAM, Windows 95 operation
system, Netscagpe 3.0 Web browser and Cosmo player
VR browser. The freeware MySQL client-server
RDBMS is used to host the data. Perl is the programming
language for CGlI scripting as the supplementary CGIl.pm
and DBI.pm libraries to creae fill-out forms and conned
to RDBMS are utili zed.

A short look in “the kitchen” of extrading spatia
information will be made before reporting the
performance tests. Spatial queries intended for
visualization passtwo compulsory phases. First, the data
needed to complete the user query is colleded and,
seoond the geometry of the objeds, which will
participate in the virtual world, is extraded. The two
phases can be written as “find the data with resped to the
user query” and “find all the data necessry for the
VRML file”. Inded, the number of objeds included in
the VRML document may vary depending on the manner
preferred to patray the result (the original scene with
highlighted elements or only the objeds of interest).
Anyhow, the final world creded has to contain at least
the geometry of the objeds eleded by the query. The
VRML syntax for solid geometry (irregular shapes are
considered) requires 1) coordinates of the vertices
representing the bordering faces of objeds, 2) proper

(anti-clockwise) orientation of faces, 3) corresponding
texture files and texture wordinates (if they exist). The
coordinates have to be listed per objed, preferably
without duplications. The description of the faces is
given by identifiers, which are the aurrent position of the
coordinates in the VRML document, starting with O.
Clealy, this gructuring differs ggnificantly from the
organizaion of the geometry in the @nceptual schema
(see Figure 2). However, a particular subset of data
extraded in a cetain sequence, i.e. fid, enoseq, nid, xc,
yc, zc and order: fid, enoseq can be further re-ordered
acordingto VRML rules.
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Figure 6: 400 buildings from Vienna (545K b)

The SQL operator may or may not include the two
phases in a single SELECT statement. For example, the
query “visualize the buildings inside a cetain area” can
be expressd by one SQL statement in contrast to the
query “check for duplicated pdnts’. The representative
tests are limited to one-line SQL expressons to ensure
equal conditions while mparing CGI scripts and
RDBMS queries. Thus the results reported here ae based
on queries, which can be formulated in the following
SELECT statement:

SELECT fid,enoseq,nid,xc,yc,zc FROM <tables>
WHERE <condition> ORDER BY fid,enoseq

For example, the VRML document of the BODY
objea with ID 12, will be obtained by the SQL statement
(see &so Figure 2):

SELECT fid, enoseq, nid, xc, yc, zc, bidg FROM
bodyg, face, node WHERE bidg=12 and fidg=fid and
nidf=nid ORDER BY fid, enoseq

Table 1 contains the size of the data sets (Vienna and
Enschede) in terms of objeds regarding the cnceptual
schema.



The experiments aimed at estimating the penalty cost
of 1) data etradion and 2) credion of a VRML
document and transmission to the dient station. The first
experiments are pure database SQL queries exeauted on
the server by the RDBMS. The column BD (Tables 2 and
3) contains the results of time needed by the RDBMS,
whil e the On the Fly represents the gpproximate time for
the query, the aeaion of a VRML document, delivery
and visualization on the dient station. Hence the
difference between the two results is an estimate of the
time nealed to transfer the data over the Internet and
display in the VR browser. The last three ©lumns give
an idea d&out the size of delivered data, number of faces
and the number of records extraded from the database .
The number of records coincides neither with the vertices
(not shown) nor with the faces, which is caused by the
required speda order and perticular set of data of the
SQL query discussed above.

Table 1: Content of the experimental data sets

Enschede Vienna
Composite objeds 2
Body objects 11 1600
Surface objects 19
Line objects 7
Point objed 8 -
Faoes 1533 92 268
Nodes 960 30 7%
Textures 7

The Enschede data set was considered too small for
performance estimation, therefore R-tree oding and B-
tree indexing of the database were not performed. The
four objedsinvolved in the experiments, i.e. abuilding, a
surface a omposite objed and DTM represented as a
surfaceobjed (see Table 2) demonstrated the capability
to extrad al four types of geometric objeds. The
performance test, however, has proved the importance of
optimization issues. Although, individual objeds can be
extraded in a very fast manner, the objed DTM requires
rather longtime.

Table 2: Enschede data: database query, query on the
fly and size of extracted data

frequent visited fields, i.e. fid, nid in FACE and NODE
tables are indexed. The results of the nine representative
queries are shown in Table 3.

Table 3: Vienna data: database query and size of
extracted data

Number DB: On the Faces Number VRML
Buildings fly records doc
(sec)  (se0) (Kb)
1 012 4 13 66 2
0:17 4 25 126 5
10 0:30 5 89 414 11
20 0:65 5 223 1098 28
50 1:70 8 636 3216 77
200 6:60 45 2414 12 084 295
400 12:2 80 4765 237D 545
600 19:50 140 7223 36 138 839
1600 52:40 330 185B 92 268 2 306

Objects DB On the Faoes Number

(sec) fly records

(se0)

A building 0.2 2 10 48
A surface 0.06 2 1 12
A composite 0.2 2 15 72
object
DTM 30 50 139 4197
Entire model 40 60 1533 4293

The seach in the second data set is optimized for
spedl in two ways. First, a spatial restriction of the query
range is introduced by R-tree @des and seoond, the B-
treeindexing provided by MySQl is exploited. The most

As can be seen, the VRML documents smaller than
500Kb can be delivered in 1-2 minutes, which can be
considered an acceptable time for a waiting for a Web
document. Larger files should be delivered only in
exceptional cases. Regarding the complexity of the
VRML document, however, a document with a size
about 500Kb may contain several neighborhoods or only
few textured buildings and DTM (seeFigure 6, 7). In this
context, a reasonable balance between type of
information (detailed vs. schematic) and manner to
visualize (textures vs. colors) always hasto be pursued.
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Figure 7: Several buildings from Enschede (405K b)

It should be mentioned that not all the options to
optimize the system were explored. The interest was only
on the optimization of the @nceptual schema due to
assumption the that different implementation may
produce different results. For example, the RDBMS
(MySQL) performs essentially better results when less



tables are joined. A split of the SELECT SQL statement
into two given as an example @ove, deaeases the time
for database traversal with 10-12%.

SELECT FIDI FROM bodyg WHERE bidg=12
and fidg=fid;

SELECT fid, enoseq, nid, xc, yc, zc FROM face,
node WHERE fid=FIDI and nidf=nid ORDER BY
fid, enoseq

8 Conclusions

An approach for a 3D GIS on the Web has bee
presented and dscused. An essential role in this
approach in granted to VRML. Concerning visualization
and exploration, VRML has already shown a cgadty to
design highly redistic and dynamic worlds. Here, it has
been demonstrated that VRML in combination with
HTML forms, behaves as GUI to formulate awide range
of SQL queries. The presented examples of 3D spatial
data queries, modification and validation of the changes
by visual inspedion, are few of the 3D GIS operations,
which can be organized on the basis of VRML. The Web
users, who used to have & their disposal only end VRML
documents and expeds little or no processng of 3D data
aaossthe Internet, can reverse their attitude.

The dynamic aedion of complex VRML documents
enabling further query, providing enhanced visualization
tedhniques, raises questions for effedive solutions. Some
of the iswes, i.e. adequate database organizaion and
performance optimization were aldressed here. The
conceptual schema presented maintains 3D GIS
information (3D topdogy, spatial and thematic data) as
well as the behavior of objeds. As was illustrated the
behavior of objeds fadlitates the dynamic cedion of
Web documents. Applied tedniques for time
optimization (i.e. R-tree @oding and B-tree indexing)
sped up the traversal of the database and thus reduce the
waiting time & the dient station.

Finally, attention is drawn by the aithor to the
implemented components: MySQL, Apade, Linux, Perl
and related libraries. All the modules are freeware
software downloaded from the Web. Beaing in mind
their easy installation and maintenance, constantly stable
work during al the experiments and pasitive results
obtained from performance tests, they are heatily
recommend for both research and red applicaions.
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