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Abstract:

This research aims to facilitate public participation in urban landscape visual
assessment (ULVA). To support virtual collaboration in ULVA, it is desirable
to provide both quantitative analysis and 3D simulation over the Internet.
Although the rendering of urban models in common web browser plug-ins
often lacks vividness compared with native workstation applications, the
integration of VRML modeling and Java programming proves effective in
sharing and rendering urban scenes through a familiar web interface. The
ULVA simulation supports not only static scene rendering, but also interactive
functional simulations. They include the viewpoint setting up, view corridor
and panorama generation. Although popular VRML viewers such as
CosmoPlayer provide similar functions, users are often disoriented by the
interface. The obfuscation inhibits people’s immersion in the virtual urban
environment and makes the assessment inconvenient. To eliminate such
disorientation and improve users’ feelings of immersion, we integrate both a
two-dimensional map and a three-dimensional model of the urban area in the
user interface. The interaction between 2D map and 3D world includes the
matching of avatar positions, visualization of avatar posture, and the setting up
of viewpoints and view corridors. To support a web-based urban planning
process, the system adopts client/server architecture. The city map is managed
by a specific database management system (DBMS) on the server side. Users
may retrieve information for various “what if” simulations. The system
automatically remodels the virtual environment to respond to users’ requests.
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1.

INTRODUCTION

1.1

Visual Impact Assessment

Various researchers have focused on the analysis of people’s perceptions
of and preferences for natural landscapes. However, a systematic approach
to visual impact assessment has been lacking (Wherrett, 1996b). Visual
impacts arise from changes in land use and management, development of
buildings and structures, and less commonly, changes in production
processes and emissions. In the life of a built project, many different sources
of impact occur at various stages, including construction, operation,
decommissioning, and restoration (IEATLI, 1995). In fast developing areas
such as China, the intermediate effects are often ignored by planners, while
the final visual impact warrants public attention. Visual impact assessment
is mainly concerned with: (a) the direct impacts of development upon views
of the landscape through intrusion or obstruction; (b) the reactions of
viewers who may be affected; and (c) the overall impact on visual amenity,
which is often a cumulative effect of many minor processes and can range
from degradation to enhancement (IEATLI, 1995).

1.2

Public Participation

As a planning process concerned with public perceptions, urban
landscape visual assessment (ULVA) wants public participation. For natural
resource managers to plan for a healthier environment, and to elicit public
and political support for such plans, two needs have been identified: (1) to
predict the responses of various public groups to changes in the
environment, for some of whom the visual impact may be a dominant factor,
and to plan to minimize any negative impact; (2) to communicate the effects
of proposed changes to other agencies and public review groups to facilitate
decision making (Orland, 1994). Two fundamentally different approaches to
evaluation can be distinguished: one, a professional based approach, in
which the evaluation is carried out by an expert or a group of experts; the
other, a publicly based approach, in which the evaluation is carried out by a
number of lay people representing the public or different social groups
(Lange, 1994). The empowerment of public participation in the planning
process is often diagrammed as a ladder. The degrees of public involvement
in environmental decision-making ascend through: the public’s basic right to
know; actively informing the public; public participation in defining
interests, actors, and agenda; public participation in assessing risks and
recommending solutions; public participation in final decision-making
(Kingston, 1998).
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Traditionally, simulation has played several important roles in analyzing
visual impact. In the context of landscape aesthetic policy, simulation can
serve: (1) the communication to the public of the probable consequences of
environmental modifications; (2) the definition of perceptually based
performance standards for land use regulation; (3) the assessment of
monetary penalties for aesthetic damages. As useful tools for such impact
assessment, a wide array of landscape simulation methods have been
developed and implemented. These include: plans, diagrams, elevations,
perspective sketches, renderings, modified photographs (photo renderings
and photomontages), slide projections, scale models, movies, videotapes,
and computer graphics. Among these, computer-based methods have
particularly developed in recent years and have shown great potential as
simulation tools. Computer-based simulations include: two dimensional
drafting and painting; three-dimensional wire frame, surface modeling, and
solid modeling; image processing; and animation techniques (Oh, 1993).
Briefly, all of these simulations can be categorized according to whether
they are based on 2D images or 3D models. The former excels in pictorial
realism, while the latter empowers the user to interact with objects in space.
Recently developed virtual-reality (VR) technology can be considered as the
ultimate 3D simulation for urban landscape. It allows the user to navigate in
the virtual environment and to communicate with others as avatars when
they share the same virtual community. Virtual reality is attracting
increasing attention from planners as they try to improve public involvement
in assessing the visual impact of development. Compared with traditional
methods of public participation, such as questionnaires, surveys, or
community conferences, the virtual environment provides individuals more
freedom to explore and empowers them to discover the root of some
negative impacts.
As the number of households with Internet access increases and the
demographic profile of Internet users diversifies, the potential for using the
World Wide Web (WWW) for public participation in planning increases
exponentially (Kodmany, 2000). Now, more and more researchers are
exploring the intersection of the Internet and planning, particularly using
GIS on the Internet. R. Kingston outlined research that examined the
potential of the Web as a means of increasing public participation in
environmental decision making (Kingston, 1998). He considered traditional
methods of public participation and argued that new Internet-based
technologies have the potential to widen participation in the planning
system. There are some clear advantages for survey participants, including
privacy, freedom from time pressures and constraints, and freedom from
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influence by an interviewer. All these contribute to alleviate confrontation
between participants and planning agencies.

1.3

Qualified Public Participation in Visual Impact
Assessment

Although public involvement in the planning process contributes to
democracy and promotes the public’s living standard, it is still considered
unreasonable to substitute the public’s myriad opinions in place of planners’
professional judgements when it comes to urban landscape planning.
Professionals in the field of design and environmental planning are seen to
have a more sensitive appreciation of landscape quality and are also thought
to be able to articulate their feelings more expressively (Dearden, 1981).
Citizen interest is thought by some to be lacking in landscape evaluations
because of the inherently subjective and somewhat intangible nature of the
problem (Wherrett, 1996a). There is also concern about creating a critical
mass of users to sustain meaningful Internet interactions. Some initial
attempts at creating public discussion sites have withered because of the lack
of message activity (Kodmany, 2000).
The goal of this research is to provide a collaboration mechanism
between planners and the public for visual impact assessment of urban
landscape. It focuses on the representation of view impact, communication
between the two sides, media for communication, and the distribution and
limits of authority. We have developed a web-based virtual-reality system to
empower public participation in visual impact assessment of urban
landscape.
Common practice with traditional methods of public
participation quite often involves an atmosphere of confrontation. In
contrast, this system aims to empower people more freely to acquire
information on site planning, express their opinions, and even object to
proposals in virtual communities. However, the system may still present a
barrier to public participation in visual impact assessment, due to the
unfamiliarity of the public with the virtual environment. This challenges the
virtual-reality system not only in its technical capabilities, such as the
vividness of simulation, user interactions, and communications, but also in
the design of its user interface and work style. This last item should also
keep accord with the system’s communicator role between the public and
planners.
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SPECIFICATIONS FOR THE WEB-BASED
SYSTEM

Although the rendering of urban models in common web browser plugins often lacks vividness compared with native workstation applications,
VRML modeling still proves effective for sharing and rendering urban
scenes through a familiar web interface. Three-D simulation for visual
impact assessment requires not only static scene rendering, but also various
specific interactions. For example, the system should allow users to “walk”
in the virtual urban landscape, select viewpoints, set up parameters such as
height, range of view, and orientation, and automatically generate the scene.
It should also provide panorama and view corridor simulations. In the latter,
the user predefines a tour route through the virtual city, and the system
generates an animation of a fly-through or walk-through along the route.
Although popular VRML viewers such as CosmoPlayer provide some
wander simulations, users are often disoriented when they try to “walk”
through the model. The obfuscation of the user interface may distort the
perception of the virtual urban landscape, interfere with people’s assessment
of its beauty, and make subjective assessment inconvenient. To mitigate
such disorientation, we integrate both a two-dimensional map and a threedimensional model of the urban area in the user interface. The interaction
between 2D map and 3D world includes the matching of avatar positions,
visualization of avatar view orientation and range, and the setting up of
viewpoints and view corridors. To support web-based assessment, the
system adopts a client/server architecture. The city model and map are
managed by a specific database management system (DBMS) on the server
side.
The 2D map is actually a web-enabled Geographic Information System
(GIS) based on a client/server architecture. In our system, it not only aids
the orientation of avatars for wandering in the virtual environment, but is
also customized to accomplish some quantitative analysis based on
intervisibility, such as the “view shed” area from given viewpoints, visual
sensitivity, and cumulative visual impact exposure. The integration of webenabled GIS and a web-based virtual environment brings new capabilities
for public participation in visual landscape assessment.
Normally, in the domain of landscape evaluation, the descriptive
inventory approach contains several assumptions. One is that the value of a
landscape can be explained in terms of the values of its components.
Another is that scenic beauty is embedded in the landscape components, that
it is a physical attribute of the landscape.
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However, scenic beauty depends on the observer as well as that which is
observed (Arthur et al., 1977). Public perceptions may be superficial and
more impulsive than a professional’s. Lacking in professional training and
often limited in their analytical abilities, lay people cannot articulate the
basic reasons for their positive or negative evaluations of urban landscape
development. As to the urban landscape planning process, they have
difficulty formulating constructive suggestions for planners. It’s easy to let
people evaluate visual impact as good or bad. When asked to explain their
evaluations, their reasoning is often unclear or faulty.
Therefore, the quality of public assessment should be checked. In our
system, we provide a log mechanism for public participation to address this
issue. Participants’ operations and evaluations are logged into a specific
database that includes their intervisibility analysis, communication, and
navigation in the virtual environment. Professionals can subsequently
rebuild the scene according to a participant’s parameter set, which includes
position, view parameters, tour routes, and other similar information. After
reviewing a participant’s visual experience in the virtual environment,
professionals can evaluate the quality of the participant’s assessment.

3.

IMPLEMENTATION

Besides providing the visual analysis functions mentioned in the previous
section, the system design also focuses on the interactions between the
virtual environment and the GIS. We utilize the GIS as a guide map for the
user when navigating through the virtual environment. This aims to reduce
the negative impact on the visual assessment due to disorientation.

3.1

Modeling the World

Currently, there are two common approaches to modeling web-based
virtual environments. One is to use VRML (the Virtual Reality Modeling
Language) with Java programming; the other is to use the Java3D
application program interface (API).
VRML has become an industry standard for graphical description of
virtual worlds on the Internet. Many 3D modeling and simulation programs
have the ability to export their models in VRML format. With a VRML
browser, one can control the view so that any part of the model can be
examined at any orientation and scale.
VRML uses a hierarchical scene graph to describe the 3D model.
Entities in the scene graph are called nodes. Nodes store their data in fields.
Nodes can contain other nodes and may be contained by more than one
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node. By organizing the nodes and specifying their values, one can encode
the geometry and topology of geographical information, and its illumination
and material appearance as well. In addition, texture images, which can be
obtained from digitized photographs of landscape elements, can be
transformed and mapped onto the geographical surfaces. Another feature of
VRML is multiple representation characterized by level of detail (LOD).
Entities in the virtual world can be defined in the scene graph at various
levels of detail, from coarse to fine. The VRML browser can then
automatically choose and display the appropriate definition of an entity
based on its distance from the viewer and its projected image size.
The External Authoring Interface (EAI) links the VRML scene graph to
Java programming. This has three benefits. First, with EAI, we can take
advantage of existing VRML browser features, particularly the navigation
functions. Second, the VRML scene graph can be dynamically built and
updated via the EAI, based on data received by Java applets that interact
with the two-dimensional map of the virtual world; conversely, the applet’s
data can also be dynamically updated through the VRML interface. Third, a
web-based system utilizing EAI and VRML can be easily accessed from any
platform with a Java-enabled web browser and a VRML browser plug-in.
Support for low-cost, platform-independent clients is one of the main
features of utilizing VRML and Java for developing virtual environments
[Kyong-Ho Kim]. There have been many success stories in using VRML
with Java to develop web-based virtual-reality systems.
The Java3D API is another interface for Java applications to display and
interact with three-dimensional graphics. As an API, rather than a modeling
specification, Java3D provides a very flexible means to develop a real-time
web-based 3D graphics system. At the same time, it requires the developer
to understand the structure of any imported objects and to apply
sophisticated graphic programming skills. Java3D does not specify or
support any particular file format, making it tedious to create, share, and
archive 3D models. To develop a practical web-based virtual-reality system
solely through the Java3D API is a great challenge to developers.
For quick prototype development, it seems more practical to utilize
VRML and EAI with Java (rather than Java3D) to create and manage the
interaction in our virtual environment.
It is also desirable to integrate both the design and evaluation modules
into one system. Unfortunately, popular GIS applications are not optimized
for design and inhibit those accustomed to designing with CAD applications.
Importing data from other kinds of software greatly challenges the
interoperability of GIS. Although many popular GIS packages, such as
Arc/Info, Arcview, or MapCAD, have specific extensions for the import of
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CAD data, the semantics of data structures defined in GIS and CAD are
different. Thus it is important for the model developer to customize data
imported from other software to conform to GIS semantics. The reverse
situation is similar. The outcomes of visual impact assessments are often
stored in the GIS database as thematic maps. These need to be transformed
for export to CAD or other software data formats according to their
semantics.

3.2

Linking the GIS with the Virtual Environment

Because until now there is no common database management system for
VRML models, we developed a specialized system to manage the inventory
of entities in the virtual environment. Each entity is identified by a unique
code that serves as a primary key in the database. The two-dimensional map
of the urban area is managed by the GIS, in which spatial objects are
classified and uniquely identified. Using these unique identifiers, the system
maintains the correspondence of spatial objects between the GIS and the
virtual environment. We used a customized Internet map server for the webbased GIS. We also developed a web interface for intervisibility analysis.
The interaction between the two-dimensional map and the threedimensional virtual environmental on the client side is supported by a
specific module programmed in Java.
It handles the coordinate
transformations and communications between the 2D and 3D representations
via the EAI.
The virtual environment is created with popular 3D modeling software,
such as AutoCAD, 3DStudioViz, or GIS 3D extensions. These all have the
ability to export 3D models in VRML format. The export process often
hides the coordinate transformations. To unveil the hidden relationship
between the GIS and VRML coordinates, we first apply statistical analysis to
some sample points from the two systems. The assumption is that all
transformations are combinations of rotation, scaling, and translation. The
relationship must linear. It can be expressed as:
 X GIS 
 A1
Y  = A
 GIS 
 2
 ZGIS 
 A3

B1

C1

B2
B3

C2
C3

 X VRML 
D1 

Y
VRML

D2  × 

 ZVRML 
D3 


 1 

The statistical results are encouraging. The regression confirms that all
transformations are linear. The R and R-squared values are all nearly 1.0.
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This helped us to easily deduce the relationship between the GIS and VRML
coordinate systems.
Figures 1 through 5 illustrate the client-side user interface, with the GIS
frame on the left and the VRML frame on the right. In Figure 4, the user
applies an intersection operation between the visible area and the building
theme in the GIS to determine what buildings can be seen from the given
viewpoint. In Figure 5 the user provides feedback on his visual impact
assessment. The feedback panel offers a choice of three viewing operations
as the basis of the assessment: view from a predefined viewpoint; flythrough along a predefined tour route; or view as panorama. In the
illustrated case, the user judged the development to have a negative impact
on the original scene as viewed from the selected point. He stated the reason
for his assessment: “the building destroys the skyline of the natural scene.”
Figure 6 diagrams the system’s client/server architecture.

Figure 1. Transforming the view area from the VRML environment onto the GIS map.
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Figure 2. Panel for viewport parameter specification.

Animation route
for view corridor

Figure 3. Setting up a tour route in the GIS and triggering the animation in VRML.
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Figure 4. Control panel for intervisibility analysis of interesting features.

Figure 5. User feedback for visual impact assessment.
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Figure 6. The system's client/server architecture.

3.3

Project Management

The process of urban planning can be divided into several stages. In the
first stage of a project, planners interview, poll, survey, distribute
questionnaires, or conduct other investigations to infer the customer’s
requirements and form the project’s norm and specifications. In the second
stage, limitations are analyzed to weigh the project feasibility. In the third
stage, the project is prototyped and simulated to assess its impact on the
existing environment.
Urban landscape management is particularly
concerned with visual impacts.
We introduce a new mechanism to involve public participation in visual
impact assessment over the Internet. The process is diagrammed in Figure 7.
Participants are empowered to examine a project via GIS and VRML, to
assess whether the visual impacts are good or bad, and to state the reasons
for their assessments. In the next stage, these assessments are reviewed by
experts or other highly respected participants. These may be trained
professionals in urban landscape design, or others elected as “senior
representatives” by a democratic vote. They evaluate the negative impacts
as logged in the system’s database and ascertain the root causes. The
planners are notified, and they revise their design accordingly to mitigate the
negative impacts.
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Project proposal

Modeling the virtual environment

Public assessment and feedback on-line

Visual impacts
Reassess

Positive impact
Negative impact
Approval
Professional evaluation
Figure 7. Project management flow diagram.

Implementation
No

4.

CONCLUSION
Rejection

Remediable?
Yes

Involving public participation in the urban planning process has nearly
Mitigation measures
End
been an obsolete
topic. New technology brings new channels for
communication between planners and the public. To facilitate public
involvement in visual impact assessment, we integrate a web-based GIS and
web-based virtual-reality system. This integrated system allows participants
on the Internet to navigate in a virtual environment that represents a
proposed development. The system maintains an inventory of VRML
objects keyed to the GIS database, and provides tools for quantitative
analysis of intervisibility. It logs details of public participation, including
view parameters and associated visual impact assessments, for later review
by professional designers and planners. To make public participation more
constructive, the log allows reviewers to reconstruct a user’s visual
experience of the virtual environment and evaluate the root causes of
negative assessments.
Web-based public participation has been criticized as an “elite”
technology, with an inherent bias for people with Internet access.
Furthermore, the user interface design of our experimental system seems
much too “professional” in style. How to close the gap between the general
public and a sophisticated assessment system on the Internet, to make our
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system more accessible to common people, is an urgent matter for future
research. The management of VRML models is another headache; the
simplified inventory and retrieval module shows weakness in the very
frequent update of VRML models. This is also an issue for further research
and development.
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