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SUMMARY 
 
K2vi virtual reality software was originally developed and built by the departments of Geodesy and 
Technical Informatics of the Delft University of Technology, Netherlands. It is being further developed for 
commercial applications in a joint venture with Asset Information Systems in New Zealand. The original 
aim of K2-vi was to integrate GIS, CAD, video and VR in such way that the whole process of design 
planning could be supported by one data representation system. The School of Architecture at the 
University of Auckland is preparing guidelines for the application of K2-vi for Urban Design that takes 
advantage of this approach. K2vi at present enables real time evaluation of form and space and the 
incorporation of GIS data such as land use and transport infrastructure. What is missing from this data mix 
in terms of urban design are environmental aspects (noise, wind, sunlight) and cultural issues such as 
sites of historic importance. The potential for K2vi to encorporate these additional modules is outlined. 
Given the range of considerations, these are presented here as brief notes in order to stimulate further 
work and possible collaboration in realising this additional functionality. The aim is to specify an urban 
design extension for K2vi to enable usage at the sketch design stage. To this end the focus is on 
‘broadbrush’ feedback to enable a range of urban design considerations to be ascertained as physical 
form is manipulated.  
 
INTRODUCTION 
 
Urban designers are required to make qualitative decisions across a wide range of criteria: physical form 
and resultant urban space, land use and transport, enviromental impact, and cultural context. Given this 
complexity it can be differcult to visualise design impact with static media - diagrams, drawings and 
physical models. Recently computer animations have been utilised but, more often than not, these are 
used as selling tools by designers or as public relations exercises by public bodies - with a fixed camera 
path as much can be concealed as revealed. Quick time movie panoramas and objects offer a degree of 
user interaction – 360 degree panning or rotations but do not address the temporal component which 
since Gordon Cullen’s influential sequence studies has been of imortance to urban designers. (Cullen, 
1962) More recent advances in hardware and software have made possible real time simulation of large 
computer models. These Virtual Reality applications have captured the interest of those using computers 
to support urban visualisation (Batty 1998; Bosselmann, 1993). The major advantage of virtual reality 
systems over other modes of representation is the ability to evaluate form and space from multiple 
viewpoints – plan, parallel projection and ground level perspective – in real time. This makes possible 
immersive editing of form – options can be evaluated and reconfigured in an iterative and experimental 
mode. (Moloney, 1998)  
 
The purpose of this paper is to introduce K2vi software and to outline additional urban design functionality 
to enable similar experiment / test iterations to be made in relation to enviromental and cultural issues. 
K2vi is a new product that in our view is a superior platform for multiple data visualisation. In addition the 
client / server structure and an internet viewer fascilitates collaborative activity which is essential for Urban 
Design applications. The technical background and existing features of K2vi will first be summarised and 
then the proposed urban modules introduced. 
 



K2vi : BACKGROUND AND EXISTING FUNCTIONALITY  
 
K2-vi is a Virtual Reality interface on the Spatial Database Engine (SDE) that supports visualisation, 
manipulation and editing of standard GIS data from within a VR environment. The software uses the multi-
view mode approach where each view mode has a preferred VR display system. Research (Maren et al., 
1998) showed that potential users of a VR system, would prefer multiple views on the data to be able to 
interact with that data in a virtual environment. We therefore decided to implement three views on the 
data: plan view - in this view, geographic data is visualised in a conventional cartographic map format 
(figure 1a) with spatial objects represented as 2D points, lines, and polygons; model view where the user 
looks down on the model from the bird's eye viewpoint (figure 1b); worldview a first person view in which 
the user can 'walk through' the geographic data and detailed 3D CAD models (figure 1c).  
 

   
 a) Plan view b) Model view c) World view 
Figure 1.  Centre of the city of Auckland in New Zealand. The dot in the plan view (centre, bottom) 
represents the position of the viewpoint for the model view and world view. 

System components:  

 

 
K2-vI is built as a client application on SDE.  
In this way existing GIS applications (like  
ArcView or Arc/Info) can make use of the 
 same data.  
 
The shape co-ordinates, which are retrieved  
from SDE, are used to define the WTK  
geometry for the plan, model and (part of the) 
 world view. Shape attribute data are used to  
correctly generate and/or display 2D and 3D 
geometry. 
 
CAD model data is imported from external  
CAD-systems. At this stage, editing of the 3D  
CAD is not part of the K2-vI system. In the future,  
we might decide to add extra functionality to be  
able to edit the 3D  CAD data from within  
the system. 
 

Figure 2. The K2-vI system set up  



The major components of the system are the GIS database and the VR system. We selected Spatial 
Database Engine (SDE) from ESRI (ESRI 2000) as the GIS database and the World ToolKit from Sense8 
(SENSE8 2000) as the VR system. Figure 2 shows the basic set-up.  

Editing Functionality 

One of the main objectives of the research project at the DUT was to build a client/server application that 
would allow real-time manipulation and editing of GIS and 3D CAD data in a VR environment. 
Furthermore the user would have to be able to perform basic analysis to support the manipulation of the 
data. Within K2-vi, several functions have been developed to be able to manipulate the GIS and 3D CAD 
data directly via the different VR interfaces. Basic translation and rotation functions can be used to 
manipulate individual or groups of objects (see figure 3).  

 

   
 a) One object selected b) Translation and rotation c) Scaling 
Figure 3, Manipulation of a 3D CAD object. 

GIS Functionality  

Basic GIS functionality is available in all views to support the manipulation of the scene. At this stage of 
the project, the following GIS functionality is implemented:  
 
Identify: GIS objects can be identified from plan, model and world view by selecting an object. The record 
containing the object's thematic data is then retrieved from the SDE and displayed in 3D (figure 4a). It is 
also possible to play videos in the 3D world displaying additional information about the object. 
 
2D buffering: Performing a 2D spatial query or buffer is a typical GIS operation for which K2-vI provides a 
front-end. A user selects one or more GIS objects and sets buffer parameters like radius and the GIS layer 
in which the spatial query is to be performed. The actual buffer analysis is performed on the SDE server 
and the result is sent back to K2-vi (figure 4b). 
 
3D measuring: Measuring distances is a simple GIS analysis, which can easily be integrated in a Virtual 
Reality environment, when accuracy is not an issue. With K2-vi, users can interactively measure distances 
between 2D or 3D GIS objects by pointing and dragging a 3D line. This allows a quick analysis of object-
to-object distances, CAD model detail dimensions and object heights (figure 4c). 
 



   
 a) Identify b) 2D buffering c) 3D measurement 
Figure 4, GIS functionality. 
 
An extended overview of the multi-view approach, system components and functionality of the software 
can be found in Maren et al., 1999 and Verbree et al, 1999. 
 
 
 
POSSIBLE URBAN DESIGN EXTENSIONS 
 
The existing K2vi functionality offers sophisticated visualization of urban form and space with the ability to 
query data associated with objects. The inherent data base structure of K2vi allows incorporation of urban 
analysis modules to address the full range of urban design considerations. The desire for an integrated 
system for urban Design is based on the assertion by leading researcher Michael Batty that 
 
“the digital world is about convergence. It is about representing information in digital form in such a way 
that data and information that previously were considered to be quite unlike one another can be 
juxtaposed to make their correspondence and linkage considerably clearer.” (Batty, 2001) 
  
While it is important for data to be accurate as possible the focus of this added functionality is to provide 
feedback to urban designers at the early stages of design in order to support evaluation of sketch 
proposals. Designers need ‘ broad brush ‘ guidance at this stage as opposed to full and potentially time 
consuming calculations. Precedent for such an approach for Urban Design is best illustrated with the 
VENUE project at the Centre for Advanced Spatial Analysis at University College London. (VENUE, 2001) 
Potential urban design functionality is described below  under two sections - environmental and cultural. 
What follows is a select review of existing applications and a discussion of how similar functionality might 
be incorporated into K2vi. In preparing this paper the problem of Urban Design as a discipline spanning a 
wide range of fields is an obvious problem. By necessity this review and discussion is partial and 
selective. What is presented is merely an outline of possibilities for extended functionality in order to 
encourage researchers in specialist fields to consider collaboration on this project. 
 
 
ENVIRONMENTAL MODULE: 
 
Fundamental to the success of urban space is the micro-climate which results from large scale 
development. A project may be visually and spatially seductive, but fail as a place for people, if negative 
aspects of noise, wind and sunlight are not addressed. 
 
Noise  
 
The major generator of noise in urban environments is that associated with traffic – road, rail and air. One 
established precedent for computer modelling of such noise in urban environments is SoundPLAN 



(soundPlan, 2001). This software calculates vehicle noise at a given speed, quantity, traffic mix and road 
surface. The propagation uses the noise level at a specified distance and evaluates the spreading, air 
absorption, screening, ground absorption and reflection. There is similar functionality for rail and airport 
flight paths. The data is represented as sound level tables and graphic overlays on urban plans. How 
might such noise analysis be incorporated in K2vi ? At present K2vi supports 3D sound for studying the 
effects of objects that produce sound. An object can be selected in the K2VI scene and a sound source 
attached  (this object can of course also be animated). Sound volume and direction can be experienced 
while navigating through the scene depending on distance from the sound source.  There is an obvious 
opportunity to incorporate similar functionality to SoundPLAN. For example the GIS road database could 
include references to traffic noise data and corresponding sound files attached to animated objects to 
simulate traffic noise. The screening or reflective effect of design proposals could be determined for 
different positions and times of the day. Noise levels could be communicated as data (a dB readout which 
would alter dependent on position) or experienced in stereo headphones. 
 
Wind  
 
The use of computational fluid dynamics (CFD) to simulate wind flow around building is well established 
but until recently has been accessible mainly to expert users. Architecture schools and consultants have 
traditionally used wind tunnels to test the impact of new developments however recent advances in 
hardware have enabled some schools to use CFD in undergraduate education. (Tsou, 1998) CFD 
analysis of large scale models such as urban environments is computationally intensive and could 
potentially work against the rapid feedback approach suggested for K2vi. Two solutions can be 
considered – prior calculation of existing urban form and localized analysis of new design proposals. Prior 
calculation of CFD calculations can be undertaken for a range of directions and velocity and stored in the 
database as annotated graphics. These could be displayed within K2vi to enable designers to understand 
the existing wind flows and enable potential problems for new developments to be identified. Isolated CFD 
calculations of the immediate vicinity could then be undertaken by sending relevant site data to powerful 
networked computers - the CFDnet project is a precedent for such internet access to CFD calculations. 
(CFDnet, 2001) While these calculations would not be immediately available, by restricting the 
calculations to relatively small scale models and utilizing network distributed processing the time lapse 
would be minimized. 
 
Sunlight  
 
Shadow analysis functionality is now readily accessible within some CAD software (e.g. ArchiCAD). The 
real time integration of this within a virtual reality system faces similar problems to that of CFD outlined 
above -the sheer scale and complexity of urban models. The tactics of prior calculation and localized 
analysis can be again be utilized to enable consideration of sunlight shading during initial design. A 
database of rendered shadow studies could be referenced and imported into the VR model to enable 
designers to understand the existing context and to make informed assumptions about the impact of new 
developments. These could then be tested by sending the localized geometry to powerful networked 
machines to generate updates of the global shadow study. In addition to computer simulated shadow 
maps the capacity of K2vi to support video playback within the VR model can be utilized to play back time 
lapse video of the actual city scene to supplement and enhance understanding of existing sunlight 
context. 
 
CULTURAL MODULE: 
 
Urban Designers are increasingly required to understand the cultural context of design proposals. This 
context includes identification of historic building, recognition of historic urban plans, archaeological sites 
and places of importance to indigenous cultures. There has been a relatively long history of using VR as a 
means of documenting historic cities: in the UK a model of Glasgow was constructed by ABACUS at the 
Strathclyde University in the mid 80’s ; the VR model of Bath been under development since 1991 and 
now covers the whole historic city centre ; in Berlin, the urban development and architecture unit of 
ART+COM has created the Cyber City Berlin and the Planwerk Berlin (a 3D master plan for the city) ; 
while in Australia there are city models for Adelaide and Melbourne. (Dokonel, 2001).  



Such VR models have also being augmented with hyper media databases which link text, graphic and 
video resources to 3D models. A recent example of this approach are models developed by the Graduate 
program of Urban Design (PROURB) at the University of Rio de Janeiro (Kos, 2001). The model is 
developed in VRML (web enabled VR) and linked to media databases via java scripting and Macromedia 
Director (interactive media software). An additional functionality has been developed to allow temporal 
data to be handled over time - VRML history (Lutterman et al, 1999) allows an understanding of the 
evolution of city form. PROURB argue that an understanding of the historic forces that have shaped city 
form is essential for understanding current urban conditions. 
  
“The focus of the research was the recognition of important “forces” which would shape the city. The 
selection of the “forces” varies among the cities researched. They can be: religion influence, dwelling 
typology, different social groups location, political decisions, fortifications, natural elements, architectural 
icons, cultural tradition and economic physical concentration. They are many times hidden in the current 
city but once they are identified in the physical environment, their relationship become clearer an
it’s possible to understand many features of the actual city through that analysis.” (Kos, 2001) 
 
By extension it can be argued that such analysis enables better decision making on new urban 
development. As well as offering precedent for the importance of a wider understanding of what we term 
cultural factors, the PROURB research also indicates a direction for technical development of VR / hyper 
media models. Their use of a range of software platforms (VRML, Director and java scripting) has resulted 
in a separation of VR model and media content ( text, images, video) which they are trying to overcome. 
 
 “One of the next steps of the research group is to link 3D objects to a database that could juxtapose 
different information in a single location. Thats very important because the shaping of the city depends on 
many different issues and they should not be analyzed separately. “ 
 
The present state of K2vi allows such juxtaposition of text, image and video within a 3D VR model. Text 
can be accessed by querying GIS object attributes. At present these attributes are related to building area, 
height etc. but obviously cultural information can be incorporated within such attribute boxes. Images can 
be imported as textures applied to simple geometries so that ‘ billboards’ with historic or cultural 
photographs, drawings and maps can be incorporated into the VR model. In a similar manner video files 
(avi) can be imported and viewed as animations. All of these combined media can be implemented in K2vi 
at present but there is work needed on the interface to enable flexible and intuitive manipulation of these 
multiple sources. If for example quicktime movies could be imported there is the potential for embedding 
files with Macromedia Flash functionality. Flash is targeted as an internet application and has excellent 
interactivity and an accessible scripting language to create custom behaviours. Files can be exported as 
quicktime movies that contain interactive text, graphics and animation. This would enable, for example, 
discrete markers indicating sites of cultural importance to be placed within the VR model. When required 
these could be activated via mouse or keyboard actions and users could have access to full web like 
browser interaction within the 3D model. In this way historic drawings, photos or documentation of sites 
important to indigenous cultures can be immediately accessed and connections made to the 3D model. 
 
CONCLUSIONS 
 
Environmental and cultural modules can be developed to allow the integration of data analysis and 
interactive media in a K2vi virtual reality model. Existing 3D sound functionality can be extended and noise 
levels communicated as sound levels and / or experienced via speakers or headphones. Wind and 
sunlight data can be pre-calculated for existing urban form using third party specialist software. This data 
can be represented as annotated diagrams of global conditions and accessed from within the VR model. 
This would enable informed assumptions to be made that could then be tested for proposed 
developments at a local level. This testing can be performed via networked computers and imported back 
into the model with minimal time lapse. Cultural issues are increasingly important for urban Design. A key 
development – the capacity to import quicktime movie files (.mov) – has been identified to allow interactive 
access to text, graphics and video. Such interactivity would enable sophisticated navigation of historic and 
socio-cultural data from within the virtual realty model.   
 



FURTHER WORK 
 
Existing 3D navigation while adequate at present can be further improved. Developers should examine 
precedent from the computer game industry where solutions for real time navigation have been refined.  
 
The existing sound functionality requires detailed evaluation by experts in the field.  
 
A prototype model of the Auckland central business is nearing stage 1 completion (figure 5). Once the 
model is ready CFD and shadow analysis can be considered with collaborators from these specialist 
fields.  
 
The representation of data within the model requires careful consideration. The focus is to provide 
information on these non-visual considerations for the early stages of design. Recent research has 
indicated that new types of notation may be required for VR simulation. (Kieferle, 2001) 
    
A cultural database for this prototype Auckland model needs to be established. Existing urban design 
research on Auckland city will need converting to digital format. Video of existing conditions needs to be 
undertaken. Collaborative research links need to be established with experts in European and Maori 
history.  
 

 
Figure 5. Auckland CBD model, view from Quay Street. 
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