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Abstract: Computer Visualization (CV) application in highway development has been on the rise in recent years, primarily due to the ability of CV in effectively showing post-construction scenarios through animation. CV has been proven to be particularly effective in complex urban road designs since such designs pose greater challenges and there is an increasing risk of post construction design and functional failure as the design complexity grows. In order to be able to objectively weigh up the negative factors associated with urban design complexities, realistic images of the traffic facilities in the surrounding areas are required.  While computer simulations normally help illustrate an overall scheme of traffic flow complexities, post construction complexities can only be examined through different visualization schemes.  This paper develops a systematic methodology for visualization of complex urban roads. A number of visualization techniques are developed commensurate with the needed design complexity. Those are: (1) camera simulation with a fixed camera path for (a) illustrating the overall scheme and (b) checking the driving area; (2) camera pan illustrating an individual site; (3) fading technique illustrating breaks in buildings; (4) comparative view for (a) before/after comparison and (b) comparison of options; and (5) special technique to show the influence of day and night. With the developed techniques it has been possible to illustrate and visualize urban road designs better, particularly in the case of complex traffic building schemes. It is also possible to consider negative design factors at earlier stages in a more objective manner resulting in quick project approvals. The proposed CV techniques open up possibility of their widespread applicability in complex urban road designs.

Topic Area: F2 Transportation and Urban Design
1. 
INTRODUCTION

The process of generating visual images containing various items of information is generally known as visualization. McCormic et al. (1987) describe it as an aid, tool or method for interpreting geometric data that has been entered into a computer or for generating visual images from multi-dimensional sets of data.  The development of visualization in general and the use of visualization techniques in particular directly depend on how advanced the computer technology is. The switch from manual techniques to computer visualization was only feasible when suitable hardware and software systems became available and visual images could be processed and displayed using input and output units with the ability to convert information. 


Pictorial images of differing qualities are increasingly being used in road planning (Kühn 2004; Kühn and Jha 2006a&b) to obtain a better picture of the planned project, assess negative influences more objectively, speed up authorization procedures and show, assess and check the three-dimensional results of the planning work carried out in the separate design processes - the horizontal, vertical projections and the cross-section - in a manner that more accurately reflects the real situation.   The most important applications for visualization in transportation are:

· High-quality presentation of transportation projects,

· Illustrating and assessing negative influences,

· Aiding and speeding up the authorization procedures

· Improving the quality control in the design process. 

The objective of this paper is to describe the visualization techniques particularly suited for complex urban road design commensurate with the above applications.
2. 
THEORETICAL PRINCIPLES

2.1 
Central Perspective

The perspective (lat. perspectare) provides an opportunity to represent three-dimensional objects on a two-dimensional plane in such a way that a pseudo three-dimensional impression is created. Depending on the application in question, various methods of imagery are used, like central projection, parallel projection or vanishing projection etc. A central perspective is normally used to prepare perspective images as part of the computer visualization process for road design, as it most closely mirrors the subjective perception of the human eye. 


The process of seeing with the human eye corresponds to an optical image in a lens system with three-fold refraction (cornea, lens and vitreous body). To simplify matters, the image process can be compared with the process required to obtain a photograph using a traditional camera with a single lens system (lenses represented stylistically as a line in Figure 1). A real reverse image is focused through light rays from an object point to an image point. In the case of small aperture openings (so that only central rays penetrate the lens), the familiar mathematical principal of central perspective can be used. Figure 1 clearly demonstrates that if things are simplified in this way, the image process in optics (single lens system) and central perspective provide the same images of objects. Taking into consideration the assumptions and simplifications made here, a driver’s or an observer’s visual perspective can be described with a sufficient degree of accuracy using the simple interrelationships taken from the theory of central perspective. 


While various observer points are normally selected for calculating the perspective for the purpose of illustrating and presenting it, unified model assumptions on a driver’s perspective are required for checking designs. 

2.2 
Model Assumptions

Zimmermann (2001) laid down various parameters for a central perspective when preparing virtual perspectives from a driver’s point of view. He describes the driver’s field of vision, which provides the most important information about the course of the road (Figure 2). 

Eye level, hAP

The eye level depends on the driver’s seating height in the vehicle and therefore it also depends on the height of the vehicle. For automobiles this is 1.00 m. 

Eye level axis distance, dAP

The eye level axis distance cannot be determined exactly, as it changes according to the alignment. In areas where the course of the road is straight, the vehicle is located in the middle of the appropriate lane, while during bends its position moves towards the inside of the bend. Therefore, things have to be simplified to determine a generally valid value, which is specified as dAP or the center of the appropriate lane. 

Height of target point, hZP

Drivers obtain the best information they require about any obstacles or vehicles traveling in front of them if the height of the target point is set at hZP = 0.00 m. This also means that the course of the route is most easily visible. 

Target point axis distance, dZP

The distance of the target point from the central axis cannot be measured or defined in a unified manner either, similar to the eye level axis distance. The driver’s fixation moves towards the inner side of the bend, just as the eye level does. The target point axis distance is set at dZP or the middle of the appropriate lane. 

Forward orientation VO

Forward orientation primarily depends on the nature of the road. In simplified terms, the standard distance is set at VO = 75 m. This figure is less in tight bends with small curve radii, for example, and is greater on straight stretches. 
Focal width f

An important model assumption is focal width or the image section seen by the driver. This involves focusing on a certain target area or the size of the image surface that is seen. This parameter is particularly important for a person’s driving behavior in bends. In normal sight when the human eye is resting, the focal width is about f = 50 mm.  Table 1 provides a summary of the model assumptions defined by Weise et al. (2002), for calculating perspectives from the driver’s point of view. 
2.3 
Degree of Detail

When calculating perspective views, a decision must be taken in each case about what information to provide and how complete this information should be. After all, this will determine the degree of calculation work and the costs involved.  Kühn (2002) has categorized perspective views as follows, depending on the degree of detail that is included:

Grid perspective (Figure 3)

A grid perspective only shows the crucial edges of objects in a three-dimensional terrain model (grid model). Simplified perspectives of this kind suffice to check whether there are any shortcomings in the three-dimensional alignment.  

Filled area perspective (Figure 4)

A filled area perspective is created if the outline of the road and terrain are shown with various colors in a grid perspective. These kinds of perspective images increase the quality of the overall three-dimensional effect and are therefore easier to understand. 

Photo-like perspective (Figure 5)

If the edge of the driving area, the surroundings and other objects are given textures and any areas of shadow during daylight are noted when preparing the perspective, a photo-like perspective is created from the filled area perspective, which can hardly be distinguished from a real photo of the area taken at a later stage. These perspectives contain the greatest amount of detail and are normally used to illustrate the street area for urban roads. 
3.
TYPES OF visualiZATION
Visual imagery with different levels of quality is a widely used medium for illustrating results and information. With the help of computers, it is possible to provide graphics to represent data, structures and interrelations and so achieve a meaningful analysis of results. Various working stages are required to generate the images from data (Figure 6). 

An average figure is computed for the raw data according to various criteria and any errors are corrected (filtering). In the subsequent mapping stage, any non-geometric data are converted into geometric data. At the end of the visualization process, the images are generated (rendering), i.e. the geometric data are converted into image data. 

The following criteria can be used to fundamentally distinguish between types of visualization: 

- The dimensionality of the area being illustrated

  Two-dimensional

  Three-dimensional

- Type of image depending on time

  Static visualization

  Dynamic visualization

- Completeness of the image

  Abstract visualization

  Realistic visualization

2D and p3D and 3D Images

Two-dimensional images are organized on the basis of two-dimensional data and elements. When displaying these images, there is no need to carry out any projections or take various views into consideration. There are not any occluded areas either, if the elements are arranged in such a way that they do not overlap. 

Three-dimensional scenes are normally illustrated from a central perspective or axonometrically on an even surface (paper, a monitor or screen). For this reason Buchroithner and Schaukel (2001) speak of what they call pseudo three-dimensional images (p3D). But, this can lead to distortions and occlusions in the perspective. 


Stereoscopic processes are required to provide a three-dimensional image of three-dimensional geometric image data similar to human sight. For the purposes of general comprehensibility, the terms “3D” and “three-dimensional” only relate to the database and not the type of illustration. 

Static and dynamic images

The difference between static and dynamic images is an important criterion for classifying visualization methods. Static presentations (perspective images) do not change over time, i.e. any changes in the image are exclusively caused by interaction. On the other hand, dynamic images change over time without any interaction. If the changes continue over a period of time, we speak of an animation. 


Stüttgen et al. (1995) make a fundamental distinction between character animation and camera animation. In character animation, the individual image can be animated or illustrated by moving the object. With the aid of camera animation, it is possible to simulate driving and moving sequences using a camera path, where the individual object is shown as it moves in the set environment. If speed, the observation point and the driving line are fixed – in general in the direction of the road axis – and cannot be changed, a static animation is created when computing the image sequences. In a dynamic animation, on the other hand, the above mentioned criteria can be freely selected in each perspective image. The movement mechanism is controlled by navigation (e.g. a joystick).  


The major disadvantage of individual images is what is known as the momentary record, which is the complete opposite of the sequence of images that drivers observe when traveling along a road. As they move along a road and therefore also observe moving images, a camera animation should be used to simulate the road area. When using a static animation, the journey taken by an undisturbed individual vehicle is simulated with idealized marginal conditions. The following conditions should be fulfilled: 

- Frame rate:


25 images per second

- Duration of sequence:
representation of critical area (30 s – 100 s)

- Speed:


v85 - speed (speed, at which 85 % of all 






vehicles travel)

Both imagery techniques (individual images and sequences of individual images or animations) are used for different applications. 

Complete and Abstract Visualization

The degree of completion of an image depends on whether any given amount of data is completely shown in an image. In the case of complete images, we speak of realistic images and if they are incomplete, we call them abstract. Depending on the application at hand, a decision must be taken about the degree of completion required. The degree of detail and information it contains are important qualitative criteria for describing the degree of completion. 
4. 
VISUALIZATION OF URBAN ROADS

4.1
Introduction
In town planning operations, the necessary traffic facilities must be taken into account at an early stage as part of a complex approach, i.e. traffic planners, design engineers and urban developers must jointly plan the new facilities in parts of a city or when transforming downtown areas by working together in an interdisciplinary manner. In order to ensure good links and a harmonious design for infrastructure for traffic and urban development, new visualization techniques must increasingly be used to change the quality of the three-dimensional interaction between buildings and traffic facilities. Designing harmonious, architecturally sophisticated and easily perceivable road areas then becomes particularly important.

Because of the variability of cross-sections of roads, buildings and particular requirements from an architectural point of view, perspective images or animations of the road area are absolutely necessary in order to design and check whether road areas can be easily understood by drivers. Considerable expense is usually involved in preparing this kind of visualization material as there is seldom any three-dimensional data available for the neighboring buildings; the data on these buildings therefore has to be gathered.

4.2 Visualization Techniques

Depending on the type of imagery and the digital geometric data available (Kühn, 2002) set about providing a fundamental subdivision of visualization techniques (Table 2). While the classification of basic data is clear, as only two-dimensional or three-dimensional data are available, the type of imagery is defined in different ways. It is not only possible to produce plane (2D) and three-dimensional (3D) images, but also pseudo three-dimensional (p3D) images using perspective images or animations. 


As manual techniques (marking out a site, physical models etc) are only seldom used for cost reasons and because they are only a momentary, single record, montages in maps or aerial photos and 2D animation techniques are commonplace visualization techniques because of the availability of two-dimensional data, perspective views based on three-dimensional data are used for common pseudo three-dimensional visualization techniques. p3D animations are increasingly being used in addition to perspective views and perspective montages. 


By using stereoscopic techniques (interference technique, 3D displays, shutter technique, head-mounted displays etc), three-dimensional images can be created as a frozen image, a sequence of images or a 3D animation. But it is not yet possible to use these visualization techniques in design practice because of the limitation in required hardware and software and the gap in the current state of developments. 
4.3.
PRACTICAL APPLICATIONS

4.3.1.
Perspective Images
In the case of urban roads, people’s driving style is not just affected by road markings, but also the surrounding buildings. By designing the individual elements in a conscious and professional manner right from the design phase, it is possible to create a harmonious design for the road, which takes into account architectural and driving psychology points of view to the same degree. A road that is clearly recognized is, after all, a basic condition for driving behavior that matches the local circumstances. 


Street lighting can also be used to provide safety on the road. The example in Figure 7 clearly shows that the edge of the road on the right can be clearly recognized despite the natural growth there. The edge of the road on the left is well lit because of the street lights. 

Target/Actual Comparison

Target/actual comparisons can be used to visualize and explain the planned project. The current state (actual state) and the planned state (target state) are contrasted in this kind of comparison. What is important here is that the real photo and the digital perspective montage are produced from the same position using the same model assumptions. 
Any extension of the cross-section at a particular location with all the individual elements that affect the road normally requires major intervention in the current situation. By using textures that reflect the real situation, changes and their effects on the design can be better illustrated (Figure 8). In the case of new transportation projects in residential areas, noise protection measures in the shape of noise barriers are often required. These structures can give rise to negative influences as a result of changes to the view obtained from real estate and may lead to proceedings being filed in the courts. Perspective montages can be drawn on to clarify the real dimensions, the exact layout and height factors and any restrictions on residents’ view (Figure 9). 

Comparing Options

Perspective montages are also helpful to provide visual support and design assessments. The various esthetic effects of solutions at intersections or negative influences raised by engineering building works can be better illustrated and assessed. Figure 10 illustrates the technical solution for an intersection in an urban planning environment where some of the roads intersect at different levels. Option 2 is the preferable layout and not only has advantages from a noise protection point of view (tunnel), but also fits into the urban planning design better as a result of the way that the issue of height is dealt with. 
4.3.2. Perspective Animations 

Depending on the database that is available and the set camera path, the following types of animation can be differentiated: 

2D Animation
Based on two-dimensional data (topographical maps, aerial photos etc), what is known as a flight takes place after the camera path has been set. This technique is primarily used to illustrate model options in the area under examination. 

3D Animation
If three-dimensional data are available for the road and its surrounding area, once the camera path has been set, a perspective animation can be prepared from the driver’s point of view or from any other observation points. Using a 3D animation, the arrangement of the traffic facilities on the road or any shortcomings in the three-dimensional alignment can be checked from the driver’s point of view. 

2D/3D Animation (Mixed Animation)
If 3D models are provided for selected buildings or building structures, and if these are transferred into a two-dimensional aerial photo, once the camera path has been set, a mixed animation is created. This technique is ideally suited for visualizing urban roads as the gradients on the roads only change slightly and the influence of surrounding buildings on the design of the road can be checked. 

The following techniques are also common: 

-
Object rotation 


3D animation with a set camera point and the object rotating

-
Camera rotation

3D animation with a set camera point and the camera rotating.

- 
Fade technique


3D animation with a fade of the existing situation

While object rotation or camera pans are normally used to illustrate intersections or engineering building work, the fade technique is used to illustrate a target/actual comparison.  The changes to the current situation can be shown in a way that mirrors reality. 
5.
CONCLUSIONS AND FUTURE WORK 

Visualization techniques are increasingly being used, even with urban roads, in order to demonstrate plans, illustrate and assess negative influences, shorten authorization procedures and, last but not least, improve design quality. Depending on the available database and the application, it is possible to avoid using maps or aerial photo montages, perspective montages or 2D or 3D animations. But the site and camera path must be set in such a way that meaningful illustrations are generated. 


Depending on their availability and technical feasibility, stereoscopic techniques can also be used in the long term to provide a three-dimensional impression similar to that observed by the human eye. However, further research and development work still needs to be carried out in this field. 
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