Chapter 3

Investigation of user requirements for 3D
GIS

A question often facing the development of an information systems concerns the origin of
the approach foll owed, i.e. technology- or appli cation-driven. The issue is rather mixed. On
one hand, users are the most aware of tasks they deal with, and it seems logical to rely on
their requirements. On the other hand, being tied by legal, policy and long-time traditi ons,
and confronted by organisational, financial and market problems, users can hardly identify
revolutionary new reguirements. The tednol ogy-driven approach is not the optimal solution
ather: the system developed may appear to have extra (or insufficient) functionality for a
particular application. However, the hardware and software industry has always been the
generator of ideas. In historical terms, the powerful hardware and software were born first
and after that 3D models of the real world were aeated. Apparently, a balance between the
two approaches is needed: user problems and routine operations have to be studied to be able
to doffer contemporary, advanced solutions.

This chapter, in accordance with the first oljedive of the research, explores the
readinessand requirements of users of a municipal 3D GIS. Investigating user requirements
for 3D GIS is a broad isae, which definitely cannot be clarified in a single study. The
chapter studies the most important real ojeds and their mutual interrelations, which help
in determining the persistent data in the GIS model proposed in Chapter 5. The study is
expeded to provide valuable information about the required types of objeds, necessary
spatial relationships and the spatial resolution acceptable for most of the users. The demand
for 3D visualisation is investigated to an extent relevant to the thesis, i.e. components of the
scene (seeChapter 2), which will effed the GIS modd. In this resped, the study focuses on
neals for redlistic (shaded or textured) 3D models. The investigations into necessary
interaction and manipulation will gain knowledge about the desired user interface and,
hence it isin favour of the system architedure proposed in Chapter 4.

The gathering and analysis of user requirements is a sophisticated process demanding
careful consideration of many factors. A simple questionnaire given to the personnd
responsible for a certain information system could create a very subjedive view. In contrast,
by ignoring conversations with the staff, an important observation gained from long-term
experience @uld be overlooked. To facilit ate investigation, a particular strategy is foll owed.
Methods to determine user requirements are studied to seled the most appropriate way of
identifying items of interest and sorting out their characteristics. Then existing uban
projeds resulted in 3D CAD or VRML models are reviewed in order to gain information
about oljeds of interest and resolution. The information kept presently in a municipality is
studied to autline eisting and potential users, and their interests in terms of type of

37



information and outcomes. Last, a suppementary investigation on currently maintained
data, spatial analysis and preferences for 3D visualisation, among producers is conducted.
An analysis of the CAD projeds, the municipal information and the results of the interview
motivate the seledion of basic oljeds of interest, resolution, spatial relationships and GUI
for visuali sation and interaction that are relevant for the thesis.

3.1 Methods of studying user requirements

Plenty of methods regarding requirement determination are discussed in the literature (see
Coad and Yourdon 1991, Gause and Weiberg 1989 Kozar 1989 Norman 1996. Most of
them are businessoriented and related to owerall analysis of processes in the organisation
(company, firm, agency), starting from the misson and ending with the final outcome. All
the five components of a GIS, i.e. hardware, software, people, data and procedures (see
Maguire & al 1991 are mnsidered and estimated. In this resped, the scope of this gudy is
limited to only data and procedures (operations). Among them all, two frameworks are
relevant for our goals, Performance, Information, Econamy, Control, Efficiency, Services
(see Wetherbe 1984 and Objed-oriented requirements determination (see Coad and
Yourdon 1997). The first approach refers to the production process the second approach
addresses analysis of items of interest and their interrelations.

Performance, Information, Econamy, Cortrol, Efficiency, Services (PIECES): The
framework emphasises important questions that become part of a consequent discusgon on a
requirement's determination. Performance concerns the information system needs in order
to "work" for the user, eg. neaded response time, printing quality, needs for a GUI.
Information focuses on the data that the system has to maintain, e.g. input information,
output information, the layout of the output, required standard screens. Econamy addresses
the projed development, the operational cost and eventual benefits and savings, eg.
appropriate workable solutions, anticipated cost savings, "how the manual activities will be
affeded by an automated solution”. Control is asciated with the searrity and editing of
data, eg. at what level (user, screen, database, field, etc.) the seaurity and editing are
demanded. Efficiency is measured at three levels, i.e. organisational, departmental and
individual, e.g. "what value is added to the process', "how the operations will im prove the
work in the office’. Services focus on isaes related to functional requirements, system
maintenance and staff training, e.g. required operations, required training courses. The
framework embraces $x important aspeds of an actual production processand it is highly
recmmended to gather requirements to upgade eisting information systems (seeNorman
1996.

The PIECES framework does not offer a strategy for resolving data organisation (ohjeds,
attributes, relationships). The actual work within the framework starts with a stage where
knowledge about simil ar processes and solutions is required. Moreover, the method is highly
related to real effeds (in terms of money) if a given solution is implemented. Although
improvements in 3D data maintenance and low-cost solutions are intended, benefit/cost
effediveness is not a major ohjedive of the research. The principles of the framework,
however, are aitical for the organisation of data in the GIS mode (see Chapter 5) and the
system architedure (see Chapter 4). For example, the response time of data traversal to
create a VRML document (performance) is closely related to the type and structuring of
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geometric oljeds (see Chapter 8). The remote deleting of an oljed (control) may be
restricted by a spedfic behaviour hosted in the database (see Chapter 5). Hence the
framework is to be used for gathering supdementary information on how the data has to be
organised.

Objed-oriented frameworks follow quite different approaches, i.e. the items of interest
are the prime focus. Essntial advantages of ojed-oriented frameworks, which contribute to
the goal of the research, are the high emphasis on the information, the ability to concentrate
on separate omponents of the system development (e.g. data organisation, data
management, data interaction) and the ability to identify objeds and clarify their
characteristicsin a very broad sense.

Coads ohjed-oriented requirements determination: Coad's objed-oriented framework
concentrates on threeisaues, i.e. objeds, resporsihiliti es and scenarios. The scope of objeds
is in practice unlimited: an ohed can be a physical item, process action, etc.
Resporsihiliti es focus on broad sense dharacteristics by asking three basic questions. The
first question, i.e. what does the objed knows abou itself, tries to colled "personal”
properties of the objed. The second question, i.e. who daes the objed know pursues the
clarification of relationships. The third question, i.e. what does the objed do comprises
objeds functions or behaviours. Scenario refers to the time-ordered sequence of ohjed
interactions or changes in ojed. In the GIS context, the three questions of responsibiliti es
can be interpreted as questions to investigate attributes, relationships and behaviour.
Scenario then can be associated with the time cmponent of GIS. Hence, the framework
covers the scope of the GIS content, i.e. it clarifieswhat data hasto bein the database.

Although the framework is a succesgul guide in the information exploration, it pays
littl e attention to implementation isaues as they are discussed in PIECES. Therefore, the two
frameworks should be combined to explorewhat isto be included in the GIS model and how
to arganiseit. Thefirst two oljedives (i.e. obhjeds and responsibiliti es) of Coad’ s framework
provide a technique to identify real oljeds, regardiess of the nature of the objed. The
performance (eg. preferable GUI, demanded realism, data exploration and editing),
information (e.g. output information, mostly updated elements) and control (eg. data
protedion) areto be amployed for visuali sation and interaction isaues.

The following step is a dedsion on methods to colled user requirements that refleds the
validity and objedivity of the results. Clearly, different groups of people, or documents, or
other evidence used, create different pictures and may outline ntradictory requirements.
Therefore, the levedl of subjedivity accepted has to be darified a priori. Norman 1996
classfied the methods of colleding user requirements, with resped to the viewpoint
(perspedive) they create, into threemajor groups:

Globd perspedive The methods evaluate mostly the experience with existing systems,
as the intention is to eliminate the human factor. Such methods are based on: 1) reviews of
current reports, 2) conducting of survey on activities already completed by the company, 3)
visiting similar system install ations. The advantage of these methods is the ability to become
familiar with current, establi shed requirements. The main drawback is the @wncentration on
aready solved problems, which might be insufficient for future devel oppments.

Individud perspedive The methods aim to refled and challenge the experience of the
user. Interviews, observations, questionnaires, prototypes can be aeated for the purpose.
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Although highly subjedive, the methods provide useful information on user interfaces,
operations and outcomes, which can bardly be mlleded otherwise.

Group perspedive The methods of this group, group brainstorming, eledronic joint
appgication devdopment, etc., utili se advanced dedsion-making techniques. Besides me
spedfic differences, the mmmon characteristic is the group dscusdon on the probem (i.e.
user requirements). Advantages can be seen in easily identifying the @nflicts among users,
the ability to olserve reactions to some solutions, etc. The main disadvantage is related to
seleding the right people for the group.

In this research, the methods of exploring requirements belong mostly to the first two
groups, i.e. global and individual perspedive. Since the studied area is rather new,
experience regarding similar solutions can hardly be investigated. However, a study on
existing 2D and 3D information maintained in municipalities and related institutions
delineates the scope of the data currently avail able. Thus the methods from the first group
(revision of existing systems) can dtill be of help. Suppementary interviews and
questionnaires yet within companies that deal with 3D spatial data may reveal essntia
neads not recognised on municipality level.

In summary, the exploration of user requirements is organised under Coad’s ohjed-
oriented and PIECES frameworks on the basis of global and individual methods for
gathering requirements. The cnsortium report on a projed on a 2D GIS implementation
plan (Croswell et a 19949 is used to create a global viewpoint about the arrent status in a
municipality in Bulgaria A questionnaire on 3D (see Appendix 1) was prepared and
distributed among 15 companies (in Bulgaria) with the intention of evaluating individua
angles. The ompanies form a representative sample of producers sleded with resped to 1)
the dimensionality of the maintained data (at least 2,5D) and 2) the application orientation
(urban or mixed). In addtion, similar investigations concening 3D modeds sipdied
valuable information about world wide tendencies. The investigation results will be
discussed in the following sedions (seealso Zlatanova and Bandrova 1998.

3.2 Real objects of interest in urban areas

Since the dapter discusses user requirements, the groups of users will first be darified.
Here, auser means a GIS wser. A particular GIS system can be utili sed to colled, maintain,
analyse and produce data. However, some of the system users may be responsible only for
data colledion, others for data storage and analysis. To distinguish between all the users, we
will i ntroduce the following terminology: information centre, prodwcer, consumer and end
user.

Table 3-1: GIS users

GlSusers Data Maintenance Query Production Usage
Acquistion andanalyss

Information centre O O ] B

Producer a 0 0 0 -

Consumer - O O O O

End users O O O
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An information centre is an ingtitution responsible for the storage, query and analysis of
data, as well as for the provision of the result in an appropriate format (seeTable 3-1). The
functions of the producer are to colled and process data, and maintain and provide
information to aher users. Apart from storage, maintenance and production, the consumer
benefits from the data in solving some problems. The end users are not involved in the pre-
processng and maintenance stage, i.e. they use the system to query data and utili se the
results. If all four categories of users work with the same information system (i.e. GIS) to
handle their activities, they are GIS users. Thus, the consumer and the producer are small
information centres as well. Note that here the producers are not determined with resped to
their sdlling capacity but with resped to their data coll edion activities. A municipality is a
typical example of a GIS consumer. Other categories that do not have dired accessto the
GIS will bereferred to as non-GIS users. In this context, the requirements of GIS users will
be explored.

3.2.1 Inventory of real objects

3D real ohjeds of interest for urban applications are often spedfied in the literature as the
scope varying with resped to the application. The ommon understanding is that the most
important real oljeds in urban areas are buildings (Grin and Dan 1997, Kofler and Gruber
1997 Tempfli 1998)). The CAD 3D moddls of urban areas (called city models) created so
far basically consider buildings and terrain represented as TIN (Leberl and Gruber 1996.
Fuch 1996 pesents a study on real objeds of interest for 3D city models, based on
questionnaires snt to 55 participants from Europe. The interest in five groups of red
objeds is investigated: buildings, vegetation, traffic network, public utilities and
teleoommunications. The results have dearly shown the prevalent usage of (neel for)
buil dings, traffic network and vegetation. Raznger et al 1995 present a virtual model of a
square in Graz (created upon municipal request), containing buildings, traffic network
(streds and tram railways) lamp-posts and trees. Dahany 1997 suggests three groups of
objedsto be mnsidered: terrain, vegetation and built form.

In general, most of the authors addressreal ohjeds with spatial extent. Operational data
needed for urban planning in 2D, however, sometimes goes far beyond the real objeds of
interest discussed so far. Investigation of the organisational and information structure of a
municipality (in Bulgaria) has revealed the following spedfics: 1) plenty of spatial and non-
gpatial items gored under different descriptions (DBMS, GIS and CAD) and 2) complex
interrelations among dfferent types of data and institutions (see Table 3-2). For example,
personal data ae stored in several information centres: three municipal offices and the
regional tax office Isa person an objed of interest? How to spedfy relationships with other
objeds? The information needed to remnstruct a number of buildings is hosted in four
ingtitutions: the municipality departments, the Eledricity company, the Telecommunication
company and the Water and Sewerage Corporation. Each of the companies has its own
structuring and coding of data, e.g. deed is an objed according to the Department of State
and Municipal Properties, whileit is an attribute in the Municipal Land Commisgon. Is the
dead an ohjed of interest or an attribute of the parcd? The Department of Architedure
maintains plans for urban development, which are extremely important for any new planned
construction activity. How should the plans or information inside be referred to: as ojeds or
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as the future status of existing objeds? A detail ed description of the records can be found in
Croswell et al 1994

The following sedions present a grouping of real oljeds that alows the items of
municipal interest discussed abowe to be sorted.

Geometric characteristics of real objeds are the leading criterion of the grouping. There
are objeds with either 1) a complete geometric description, i.e. position, shape and/or size,
or 2) only position, or 3) without geometric characteristics. In thisresped, we introduce four
basic groups of objeds to be mnsidered for municipal administration: juridical objeds (e.g.
people, ingtitutions, companies), topogaphic objeds (eg. buildings, streds, utiliti es),
fictiond objeds (e.g. boundaries) and abstract objeds (e.g. incomes, taxes, deals) (see
Figure 3-1).

Table 3-2: Data distribution, information and users in a municipality

Information centres Information Type Users
1.  Municipal Offices
and Departments:

1.1 Department of Civil gtatus (ID numbers, Text Municipality, pdlice insurance ®mpanies,
Administration and personal data, addresy citizens
Information Services

1.2 Municipa Land Agricultural land avners Textand  Municipality, companies, citizens
Commisson (PIN of the owner, parcd graphics

IS, arealocation, address
of the owner, ded, etc.)

1.3 Department of Social  Municipal tenants (name, ~ Text Municipality, regional tax office
Services PIN, addressof the

property, rent, etc.)

1.4 Department of State State and municipal Text Municipality, regional tax office the curt,
and Municipal property (deeds, owner, cadastral offices, companies, citi zens
Properties address neighbaurs, price

etc.)

15 Trangpotand Traffic  Stredgsandtraffic Textand  Municipality, pdice
Safety equipment graphics

1.6 Regional Cadastre Buildings, stregs, DTM, Textand  Municipality, companies, citizens
and Survey Office geodktic network, graphics

boundaries

1.7 Regional Landand Land (parcd 1D, type, Textand  Municipality, companies, citizens
Land Use Office owner, way-of-right, etc.) graphics

1.8 Department of Construction, regulation, Textand  Municipality, companies, citizens
Architecure and urban pans graphics
Construction

2. Water andSewerage  Water andsewer network  Textand ~ Municipality, Water & sewerage Co.
Corporation (length, radius, material, graphics
type of pipelines,
dtatistics about damages)
3. Eledricity Company Eledricity network Textand  Municipality, Eledricity Company
graphics
4. Tedemmmunication Telemmmunication Textand  Municipality, Telecommunication Company
Company network graphics
5. Regiona Tax Office  Regional tax register, Text Municipality, regional tax office Ministry

local taxes and fees,
incomes from companies
(tax no. of the mwmpany,
PIN of the payer, name,
address cetificate, duties,

of Finance citizens
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building tax, etc.)

6. State Archive Documents Text Municipality, regional tax office
7. InformationServices  Regigtrations of Text Municipality, regional tax office
Ltd. companies (names, PIN of
the president, activities,
etc.)
8. Public Notary Cortracts, dedls, etc. Text Municipality, companies, citi zens

» The first group of real objeds has smantic characteristics, e.g. name, age, status,
occupation. The geometric characteristics $ape and size are not required; however,
the location (e.g. permanent address is esential.

e The seacond group comprises al the real objeds with discernible boundaries. We
asauime here that obeds with originally indiscernible boundaries have beamme
discernible after pre-processng (see Pilouk 1996. The members of the group have
complete geometric (i.e. size, shape, position) and semantic dharacteristics.

e Thethird group has the same properties, i.e. semantic and geometric dharacteristics,
but their spatial existenceis fictive. Examples are neighbourhoods or regions with
spedal status (a centre, industrial areas, residential areas, etc.) or areas with
different populations or districts with various levels of poll ution.

e The fourth group is abstract oljeds such as deelds and documents, which do not
have geometric characteristics.

juridical objects Qopographic objectsj [ fictional objectsj abstract objects - QTOIUDS of
real

objects
persons, buildings, districts, deeds,
tenants, streets, administrative taxes and fees,
land owners , water&sewer system boundaries, incomes of = real
companies, telecommunications, other boundaries companies, objects
etc. electricity system,etc. etc. etc.

] =p domain

characteristics

position position, position,
shape, < shape,
topology topology = real object
characteristics
attributes attributes attributes attributes
interrelations interrelations interrelations interrelations

| archive | | archive | archive archive

Figure 3-1: Groups of objects, real objects and their characteristics

All the ojeds have semantic characteristics presented by their attributes and non-spatial
interrelations with other objeds. For example, a building has an owner(s) and a
corresponding legal document(s), i.e. the real oljed building interrelates with objeds from
the juridical and abstract groups. All departments and related institutions keep track of
changesin geometric or semantic characteristics.

Thereal objeds essntial for current 2D GISs are topographic and fictional objeds. The
real ojeds from the abstract and juridical groups are maintained in various DBMS or
digital and paper files. Table 3-3 contains examples of the topographic and fictional ojeds
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discovered in the 2D GISsrunning in the municipality and the related institutions. The table
is organised according to the layers as they are maintained in GIS. Table 3-4 contains the
objeds of interest acoording to bah the municipality and the firms interviewed. Although,
many of the topographic objeds eleded from the questionnaire (Appendix 1, Table 3) are
predefined by state instructions, the results are similar to those already discussd for a

municipality.

Table 3-3: Real objects in 2D GIS

Layersin2D GIS

Real objeds

General map reference
Adminigtrative units
Parcds

Regulation gan
Buildings
Road-related paved
areas

Stred centrelines
Projed development
plan

Water distribution
system

Sanitary sewer system
Eledric digtribution
network
Gasdigtribution system

Grid, streds

Districts and suburbs

Parcds and sub-parcds, publi ¢ transportation, rights-of-way, public vending areas
Projed development boundaries

Buildings, floors

Paved streé areas, parking daces, pedestrian walkways, sdewalks

Centrelines of street segments, delimited byintersedion pants
Projed development outlines

Water pipe segments, valves, hydrants, servicetabs, servicelines

Sewer pipe segments, manhdes, valves, servicetaps, lateral lines

Primary and semndary above and under ground e edric lines, paes, transformers, switches,
fuses, substations, stredlights

Gas pipe segments, valves, servicetaps, servicelines, cathodc protedion cevice

Storm drainage system Aboveground drainage channels, underground drainage lines, culvert openings, catch basins

Telephore network Centrelines of telephore mnductors, switching centres, pdes, servicelines, other pant
objeds

Topogaphy Cortour lines, height points

The two groups with spatial extent, i.e. topogaphc and fictiond delineate spatial
obeds. Whilst the topographic oljeds are primarily considered in the scope of 3D GIS,
fictional objeds are till not in a focus. The fictional objeds are aeated to serve dther
global urban development (e.g. regulation plan, development plan) or environmental
analysis (e.g. districts for monitoring pollution) or administration management (e.g.
suburbs). Maintenance of fictional objeds as oljedsin the 3D GIS-modd might be relevant
for monitoring urban processes and activiti es related to such oljeds, e.g. monitoring noise
or air poll ution.

The two groups that do not have geometric description (i.e. their spatial extend is not of
interest), i.e. juridical and abstract, are to be regarded as nonspatial objeds. The
importance of non-spatial objeds for a municipality is apparent. A variety of tasks might be
based on the analysis of bath spatial and non-spatial information, for example, the
distribution of children of primary schod ages to be able to plan the locations of new schod
congtructions. In the airrently used organisation of information, the names of the dildren
and their addresses will be first obtained from a DBMS and then they will be localised in a
GIS system on the basis of their address In this resped, the maintenance of spatial and non-
spatial obhjedsin one information system will result in a significant facilit ation.

The isaie has another asped. The non-spatial objed does not have spatial extent,
however, its gatus may change in a near future. Recent developments in computer graphics
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and virtual reality supdy techniques to represent a human body (avatar) that moves in
virtual worlds, speaks and interacts with other virtual persons. For example, an urban
planner may participate in a virtual dispute represented by a persona avatar, which can be
designed to kring significant messages, reveal characters and preferences objeds (seeDoyle
et al 1998. Most of the dhat-rooms on the Web already offer a library with images for
personal identification. Similarly, abstract objeds might be represented by media metaphor,
e.g. virtual sheds gored in a drawer, etc. One @n imagine that the design of geometric and
physical properties (colour, material of paper) of historical documents will soon be
attempted. That isto say that real objeds represented and maintained as non-spatial objeds
might be transformed into spatial onesin the near future.

In this context, we advocate an integrated GIS capable of maintaining spatial and non-
spatial ojeds. Moreover, 3D GIS should be able to maintain non-spatial oljeds with their
relations, as well asinterrelations with spatial oljeds. Thisthesis dealsin detail with spatial
objeds, whereas non-spatial ohjeds are wnsidered at a conceptual level or, in exceptional
cases, for the sake of completeness More detail s can be found in Chapter 5.

3.2.2 Geometric resolution

Here, resolution refers to the smallest detail that has to be represented geometricaly.
Although familiar from 2D, the iswue is more sophisticated in 3D and refleds the
complexity of geometry. The third dmension poses questions about elements that are
insignificant for 2D representations. For example, in 2D GIS the foatprints (or rodfs)
represent buil dings and no attention is paid to windows, doors, fagade ornaments, etc. As a
3D representation, a building can be associated with a simple redangular box, or with a
composite of several boxes indicating windows, doors, etc. Either all the ornaments on a
facade might be mnsidered or only outlines of the wall. A tree might be wnstructed by
several solid primitives, indicating thumb, leaves and branches or by a 3D symbd.
Moreover, the aiteriafor resolution might be different for the different elements of the real
objed. For example, the ground floors of buildings in central areas (mostly shops) may be
reguire higher resolution than the upper floors (mostly private apartments).

Table 3-4: Real objects of interest for 3D

Real objeds Resolution
Buildings Basic: rodf, wall, floors
Optional: doass, windaws, fagade ornaments (e.g. buil dingwith historical importance)
Bridges Outlines, columns
Underground Outlines
Streds Road-bed, pedestrian areas, parkinglots
Parcds Outlines
Parks Patchesinside the park, significant trees
Vegetation Trees
Water& sewer network Segments, conredions (inside, outside the buil dings), outlines of rives and lakes
Eledricity network Segments, conredions (inside outside, the buil dings), traffic lights, lamp-posts
Teleommunications Segments, conredions (inside outside, the buil dings), transmitters
Other man-made objeds Monuments, man-made hdes
Didtricts Boundaries of digtricts, grids
Terrain -
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Most of the 3D city models constructed have very simple (low-resolution) geometric
descriptions. The usual objeds of 3D city models, i.e. buildings, are represented by their
walls and rodfs (Wizard Solutions, 1999. More rarely windows, doars, small balconies,
levelled streds and pavements are remnstructed (a projed of a telephone ampany, Arena
200Q 1999. Quite a lot of models are mapped with photo images (see Leberl and Gruber
1996. Detailed models including stairs, columns, rooms, furniture, etc., are designed only
for individual buildings, e.g. Congress Centre, Graz, Music Centre, Enschede (see VRML
worlds at the end of Chapter 4). Fuchs 1996reports high interest in rodfs, as the size of the
smallest element is critical for representing front detail s and overhanging elements. Floors
are among the cmponents where demand is very low. Internal constructive parts, e.g.
rooms, corridors, are not investigated in the study of Fuchs. The resolution of the 3D city
modelsis an indication of the resolution demanded in 3D. It should not be forgotten that 3D
city models fulfil the requirements for exploration, training, guiding, and planning tasks,
but not for analysis.

Our guestionnaire aimed at more detail ed exploration of the isaue. The results, however,
were a bit unexpeded: most of the answers in the questionnaire refer to instructions and
user requirements. The investigation among the producers exposed several factors that have
impact on the resolution maintained: 1) the application (the wish of the user), 2) the dosen
method for geometric description, 3) the omplexity of the data acquisition procedure, 4)
software and hardware for maintenance and 5) accuracy of the source data. The application
is the aucial factor for the resolution, e.g. a mohile telephone cmpany may be satisfied
with a bax as an abstraction of a building, a utility company would prefer to think of a
building as a composite objed with boxes for each room. The method for geometry
description (vedor, raster, CSG) influences the detail when one has to stick rigidly to a
predefined method for some reason or another (e.g. most of the data ae already in this
format). In this case, it could be impossble to present some detail s and the resolution of the
modd will be reduced. In many cases, the application demands a higher resolution that
existing methods cannot ensure or can ensure but only at a very high cost. In this case, the
user is restricted due to lack of effedive technologies for data acquisition. Software and
hardware availability appeared to be an esentia consideration for the resolution
maintained. For example, the produces of information can easily obtain complete
information about the building dements (doors, windows, corridors, rooms, etc.) from
construction plans but maintenance of such information is gill quite a difficult processdue
to the large amounts of data and low speed of visualisation and interaction. The results of
theinterview are summarised in the Appendix 1, Table 4.

On the basis of the discusgon abowe, real ohjeds and their resolution are restricted in
this thesis to the scope shown in Table 3-4.

3.2.3 Spatial relationships

From our experience a systematised study on demand for 3D spatial relationships is not yet
available. Therefore quite a lot of effort was gent clarifying the subjed. The strategy
foll owed with the questionnaire aimed to: 1) study the software used by the firms, in order to
gain information about the type of relationships currently maintained, 2) deted the most
frequent 2D analysis applied in daily work and 3) investigate spatial analysis that might be
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important for 3D. The software used by the firms is mostly 2D GIS with 3D extensions for
visualisation (seeAppendix 1, Table 1).

Table 2, Appendix 1 contains a summary of the results on 2D spatial analysis performed
daily. As can be seen, priorities on metric, semantic and mixed analysis are given. Here,
mixed analysis means query of spatial data composing a semantic condition, e.g. “show all
the administrative building”. The majority of the firms consider buffering analysis quite
important as well. The results very much refled the experience gained from the 2D analysis
presently carried out in the offices, e.g. afrequent operation is the buffering of arailway.

Exploring the need for 3D spatial analysis appeared the most difficult task. Personal
discusgons revealed that firms found neighbourhood and network analysis important for 3D
as well; however, they are still not aware of the benefits of 3D solutions. One argument is
based on the preferences of non-GIS users (e.g. citizens) for paper maps with results rather
than digital copies or screen displays. Another argument is the still quite high demand for
digital 2D maps (about 50%). An analogue observation is reported in Fuchs 1996 10% of
producers and 10% of users operate only on digital 2D maps. We @n summarise our
observations concerning 3D analysis as foll ows:

The user has a strong tendency to think in 2 or 2.5D concerning spatial analysis. For
example, a query "how many meters of pipes are necessary from the stree to the 5" floar?"
is modified to 1) "how many meters of pipes are necessary from the stred to the foatprint of
the building?' and 2) "how many meters of pipes are necessary for five floors each 3.50 m
high?'.

» The user does not have any examples of a functional 3D GIS. In many cases, one

can hardly picture spatial operations performed in 3D.

e Theuser ishighly influenced by the level of functionality offered by the software in
use.

In conclusion, the eploration of user experience in spatial analysis has supdied
information about the set of operations that has to be preserved in 3D. Considering the
results of the overall discusson abowe, the ohjeds and the resolution of interest (see Table
3-4), a meaningful set of 3D spatial relationships can be delineated for the research. The
obeds of eledricity, water and sewage, and telecommunication networks are @mbined in a
group utility for simplicity, as me spedfic objeds are eplicitly mentioned (e.g.
transmitters, lamp-posts). Verbal notations represent the spatial relationships, as discussed
with the user.

e Buildings — buil ding adjacent (common wall, edge, rodf facet) to building; building
adjacent (common edge, common point) to pavement, stred, park, parcd, parking
lot; floor, wall part of building; window, door part of wall; window, doar, floor, wall
inside buil ding; building inside buil ding (e.g. garage inside house); building around
park, building

e Bridges— bridge adjacent (common surfaces) to park, pavement, stred, path; bridge
over stred, pavement, park, parcd; bridge over building, bridge

» Streds — stred adjacent (common boundaries, points) to pavement, park, parcd;
stred uncer bridge

e Underground — underground under pavement, stred, park; underground uncer
buil ding, underground
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Parcds — parcd adjacent (common boundaries, points) parcd, pavement, stred,
park; building inside parcd; treeinside parced

Parks — park adjacent (common boundaries, points) to pavement, stred, parcd,
path; tree lamp-post inside park, building inside park

Utiliti es— utility adjacent (common point) to utility; utility adjacent to wall, terrain,
floor; utility inside building; lamp-post part of eledricity network, utility over stred
parcd; utility under stred, parcd; connedion part of utility, connedion part of wall,
floor; connedion inside buil ding; connedion under stred, pavement; transmitter on
building

Others — man-hole, monument inside pavement, parking lots, parks; tree inside
man-hole

Vegetation — treeinside parcd, pavement, stred, parking lot, parks

Districts— buil ding, parcd, stred, park, utility, monumentsinside district

Terrain — surfaceanalysis.

As can be realised, interrelations among objeds and their details are to be mnsidered.
The argument is that the user may need to distinguish, for example, between the number of
windows on the north and on the south facades. In terms of relationships, this requires
inclusion between walls and windows to be provided. Table 3-5 represents simmarised
interrelations with respead to the real ohjeds eleded in Sedion 3.2.

Table 3-5: 3D spatial relationships

c
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Buildings O g g g g ad H] H]
Bridges 0 O - O O O - O
Underground a - a a a a - 0
Streds ad ad ad ad ad ad ad ad ad ad
Parcds 0 O 0 0 0 O 0 0 0 0
Parks O O ad ad ad ad ] ] ] ]
Utiliti es O - - ad ad ad ] - - ]
Others - - O ad ad - - ] ]
Vegetation - O ad ad ] - ]
Didtricts ad ad ad ad ad ad ad ad ad ad
Terrain - - - - - -

The list of reationships does not pretend to be @mprehensive, eg. dudicated

relationships (wall contains window) are not mentioned. Chapter 6 eaborates and
formali ses the spatial relationships (adjacent, inside, outside, under, over, part of, contain)
obtained.

Metric (i.e. line, area, volume @mmputations), proximity (i.e. buffering), vishility (i.e

line of sight) and network (i.e. routing to particular ohjed) analysis are deliberated only
partialy in resped to means and tedchniques for visualisation, i.e. the development of
exhaustive algorithms is outside the scope of the thesis.
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3.2.4 Realism

Chapter 2 has discussed the importance of the realism for the perception and orientation in
3D models. The term realism is intuitively associated with techniques for visualisation,
however, it is reated to the resolution and the representation of physical properties (rodf
material, colour of facades, stred surfaces, etc.) of real ohjeds. Thus, the required realism
can be achieved ether by very high resolution and/or a higher simil arity between real and
modelled physical properties. An increase in resolution to improve the realism is apparently
the more expensive and hence less acceptable solution. The research gives preference to
resolution determinated on the basis of appli cation needs and a reali sm ohtained on the basis
of arealistic representation of physical properties. Thus the isaie beames sgnificant for the
thesis with resped to parameters necessary to ensure the demanded level of realism. For
example, if the GIS users prefer shaded models, parameters to indicate the @lour of surfaces
are sufficient.

Chapter 2 presented the tendency in CG to utili se artificial and real images for texturing
instead of comprehensive methods for illumination and shading. Relying on technology
avail ahility, the users were stimulated to think in terms of utili sation of images to "wrap" the
surface of the objeds. Many authors (see Pilouk 1996 Tempfli 1998, Gruber et al 1995
have argued that urban models can benefit from photo texturing in several diredions: 1)
representations of detail s without geometric moddlling, 2) improvements in the orientation
while interacting with the model, 3) facilitation of user perception of sizes and shapes.
Therefore, the users were asked to consider real photos and artificial images to wrap and
map the geometry. Our study on texture needs exhibited high percentages in support of
photo texturing (see Appendix 1, Table 5). Even those who prefer 2D visualisation and/or
3D wire frame visuali sation found only photo texturing meaningful.

Apart from the pursued realism, most of the methods for visuali sation that are mentioned
in Chapter 2 are mnsidered qute suitable to display oljeds, emphasise important ohjed
characteristics, control and edit geometric representations:

e Wire frame graphics is gill the preferred manner of data editing. Moreover,
combinations with algorithms for hidden line (face) removal can be appropriate for
contralling the rewmnstruction of the modd, eg. for consistency chedks like
"sinking" and "flying" ojeds.

e Shading methods are better known to the producers working with CAD and
multimedia software, which is basically not designed for real-time interaction.
Anyhow, the "solid" perception of shading methods is appredated for interactive
manipulation.

Discusgons with firm representatives created the impresson that the basic CG methods
can be applied in a variety of combinations depending on personal preferences, size of data
visuali sed, type of output information, etc. For the research, we will consider the realism an
“dtering variable’. Therefore all the CG methods, i.e. shading, texture mapping and
draping will be taken into account.
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3.3  GUI, interaction and operations

The last item in our investigations attempted to determine some aspeds related to GUI:
mostly manipulated spatial data and the necessty for remote accessto data. The first asped
provides information about the objeds that have to be accessble for manipulation and thus
it influences the geometric representation of data (see Chapter 4). The semnd asped is
related to the system architedure for assssng and visualising data. Analysis of the
customers of the municipality, as well as the results of the questionnaires, clarified a critical
asped of theisaue: the pursued interaction isin close crreation with the daily activities of
the institution (firm, company or organisation) according to the dasdfication given in Table
3-1. An organisation dealing with data acquisition and the frequent update of data, i.e. GIS
producers demand extended means to goerate on smallest constructive dement (e.g. point,
line and polygon) of an objed. All the participants in the interview belong to the group of
producers. Table 6 (see Appendix 1) ill ustrates the most updated elements and, respedively,
the strong preferenceto wire frame graphics. VR modédll ers are not mentioned by any of the
firms (see Appendix 1, Table 5), which could be an explanation for the higher interest in
wire frame. Moreover, produces prefer a stand-alone or Intranet realisation of 3D GIS
without a dired connedion to aher companies. The motivation refers to spedfic problems
relating to the higher speead of interaction with the models and the manner of suppying
outputs (i.e. end-product) to customers.

Table 3-6: Potential users of a municipal system

Potential usersof aGIS Potential usersof aGIS
Local users Remote users

1.  Municipa Officesand Departments: 1. Water and Sewerage Corporation
- Department of Administration and Information Services 2. Eledricity Company
- Municipal Land Commisson 3. Tedemmmunication Company
- Municipal Cadastre and Regulation Department 4. Invest Engneeing
- Department of Architedure 5. Police
- Department of Construction 6. Civil Searity
- Department of Econamics 7. Regiona Tax Office
- Financial Department 8. Information ServicesLtd.
- Department of Social Services 9. StateArchive
- Department of State and Municipal Properties 10. Public Notary
- Transport and Traffic Safety 11. Banks
- Regional Cadastre and Survey Office 12.  Other companies, agencies, offices
- Regional Land and Land Use Office 13. Citizens

The municipality information system serves internal and external users and in this
context the municipality is an information centre. On another hand, the municipality
governing bady is an operand of the information system and hence the municipality is a
consumer. However, the municipality certainly does not act as a prodwer of data
Consequently, vast editing and upditing operations such as among producers (Appendix 1,
Table 6) arerarely observed. Instead, visuali sation and modifications of individual objeds or
parts of objeds can be expeded quite often. For example, discussons on the renovation of a
neighbourhood may result in a dlight shift in streds or buildings. At this gage, the
congtruction plans are ather already approved or not yet available. Hence the level of
editing provided by CAD products (i.e. accessto points and polygons) is not required. The
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process of municipality governing is lessinteractive than the process of factual design of
buildings, streds, etc. Although the urban planners participate in the design, their tasks
have a more global scope than the tasks of architedures. For example, de Vries et a 1997
classfy the design techniques applied in architedural modelli ng into: sketching, drawing,
simulation and managng. Sketching is related to conceptual design when no explicit shape
is required, the drawing stage refines the geometry, simulation introduces behaviour
(thermal, structural, human) and managng refers to the manipulation of data flows
(scheduling of the building process. Accessto basic constructive primitivesis required only
for drawing, whil e for sketching even the primiti ves can vary. Whil st sketching and drawing
are techniques outside global planning interests, simulation and managing may involve
environmental impact considerations. These design techniques, however, need means to
operate on ohjeds rather than on constructive dements.

The municipality usually has contacts with a variety of users from different organisations
(see Table 3-6), which are equipped with different hardware platforms and software. The
common way of exchanging data is digital or paper copies (e-mailed or post-mailed) of
neaded information. To shorten this process i.e. save time, effort and money, the
municipality has to be able to dfer a basic set of operations and data to all organisations
neealing their service For example, the members of a telephone mmpany have to be able to
chedk on-line the owners of buildings or ask for statistics about suburbs that are not
avail able in the aompany in any time during the discusson on a new projed. Many of the
municipality consumers are regular citizens asking information. Although, hard-copy
outcomes will still be popular for quite long time (see Table 3-7), the importance of on-line
services increases every day. The day is coming when computer corners for self-service will
replace ountersin the municipality. Hence the municipality hasto be @apable of suppying
information to remote and local users. In thisresped, utili sation of the Web is an alternative
that ensures flexibility (variety of data formats), accesshility (no location restrictions) and
hardware independence (wide avail ability of Web browsers) of the GIS. Acoordingly, the
municipality system has to be prepared for a wide range of users with diverse backgrounds.
This imposes also GUI and seaurity requirements. The interface has to be user-friendly,
flexible enough to cover a large spedrum of questions (in bath semantic and geometric
domains), and to dfer sufficient tods for understanding the results and exploration of the
model. The system must have reliable seaurity protedion against crackers or unintentional
mistakes.

Table 3-7: Operations and outcomes

Activity Operations Outcome
Urban ganning Query and dsplay of parcds, buildings, streds, €tc., asa Screen dsplay: graphics
result of spatial and semantic queries, display and editing d and text
new projeds for buildings, streds, etc. Hard copy. maps
Parks layout Display and editing current situation and rew projeds Screen: graphics
Utility maintenance Query and dsplay of activities for maintenance Hard copy: maps
Property evaluation Query and dsplay of properties, calculation d property Screen: graphics and text
values Hard copy:. text
Demographic and Queries on spedfic attributes (people: age, education, Screen dsplay: text
datigtic analysis occupation; buildings: age, construction, floors, etc.) Hard copy: reportsand
maps
Citi zens service Query and dsplay of parcdsand kuildings Screen: graphics and text
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Hard copy: graphicsand
text

The thesis concentrates on the isales discused abowe with some simplifications and
limitations:

Operations: Table 3-7 gives the most important operations and standard outputs in the
investigated municipality. Query and dsplay of information are prevalent operations for
many activities, as the displayed data can be ather text or graphics. For the thess, this fact
implies that means for pointing, formulating queries and visualising of text and 3D graphics
hasto be ensured.

Interaction. Chapter 2 presented a broad view of the levels of interaction, as the
advantages of VR tedniques for exploration were discussed. Among the different
tedhniques mentioned, the entry level will be tested for a municipality 3D GIS for a number
of reasons:

*  Spedal hardware equipment is not necessary (i.e. mouse and keyboard are the input

devices) and hence everyone @n benefit from virtual reality techniques.

WWW standards and protocol s to accessremote data support the entry level.

» Navigation and exploration supported by VRML and VR browsers do not require
spedalised skills, and hence they are quite appropriate for a wide audience of
consumers.

Cost: The final words addressfinancial aspeds. As mentioned abowe, the entire process
of 3D data acquisition is gill quite laborious and expensive. Consequently, the st of using
the information is quite high. If the users (espedally the remote ones) are forced, in
addition, to purchase high cost hardware and software, the success of the municipal
information system is doubtful. Many municipalities all over the world rely on budgets,
which as a rule are insufficient. Therefore, among all other considerations, the eventual
implementation cost of amunicipal 3D GIS should not be overlooked.

3.4  User requirements for a municipal 3D GIS
The study of a municipality organisation, questionnaires among firms producing spatial
information and the world-wide experiencein building 3D city models have made it possble
to clarify important aspeds of user demands relevant for the scope of this thesis. A
municipal 3D GIS hasto be ableto:

* maintain spatial and non-spatial real objeds

» provide semantic, geometric and physical characteristics of spatial objeds

e maintain 3D gpatial relationships

» support interrelationships among spatial non-spatial ohjeds

» formulate spatial and non-spatial queries

e provide the meansto perform minor editing

e permit remote access

» offer GUI appropriate for wide audience

52



3.5 Summary

The dapter presents a commentary on user requirements for a municipal 3D GIS as the
scope of ohjeds, their geometric detail s and spatial relationships important for the thesis are
ddineated. The subjed is very difficult to investigate due to a number of reasons: the high
production cost of 3D models and therefore littl e experience the lack of functional 3D GIS,
alot of information kept in 2D GISs (spatial analysis traditionally completed in 2D), large
amounts of data and complex visuali sation (needs of conceptually new software).

The questionnaires among several production companies with urban spedalisation
provided valuable information on the importance of real obhjeds, demand for spatial analysis
and required resolution. Questions related to preference for 3D visualisation helped in
clarifying some aspeds of realism of urban models and needed operations. A study on the
processes and tasks of a municipality spedfied the scope, distribution and responsihiliti es for
information, basic functions, current and potential partners and customers, present format of
outcomes, etc.

Considering the items of interest, a subset of the most important objeds (which will be
considered in the thesis) is outlined. Two important aspeds related to municipal data and
tasks were observed: 1) often interrdations between spatial and non-spatial objeds are
needed, and 2) spedfic spatial oheds without physical appearance in the real world are
currently maintained. To distinguish between the objeds, a clasdfication regarding the
spatial extent, which distributes the objeds into four groups, is introduced. Besides the
group of topographic ojeds, a second group with spatial extent, i.e. fictional, is formed.
Thus the mntent of 3D GIS for a municipality is extended to comprise spatial and non-
spatial ohjeds. The scope of spatial ohjeds is extended to comprise fictional objeds, taking
into acoount their importance for municipality governance The following chapters will
consider all the groups, but with some exceptions.

The investigations gained knowledge of required GUI and outputs. The users agreed on
the significance of shading and photo texturing methods for 3D modelling. Thus, the
organisation of image files for texturing becomes an esential iswe for the GIS modd.
Texture draping, shading and wire frame graphics are to be used as supgdementary
tedhniques to speal upvisualisation and improve understanding of the 3D scene.

Several esential conclusions were made on the basis of a spedfic characteristic of a
municipality, i.e. diverse austomers having dfferent experiences with GIS data and located
in local and remote offices. The visualisation and exploration of outcomes, powered by
virtual redlity tedniques (fly-over, examine, walk-through), will facilitate access to the
obeds in the scene, spead up exploration of the model and improve readability of the
results. The utili sation of Web tedhniques to access data may fast beame a solution for a
remote, standardised access
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