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ABSTRACT
We present the survey of the water-front of Ancona (Italy), a part of the historical center close to the Guasco Hill. A complex and articulated urban scenery that highlights the relationships among the environmental and urban elements. We used different supports, integrating aerial photogrammetry and surveying techniques to reconstruct, verify and update the three-dimensional city model. The 3D model, at a nominal scale of 1:500, characterized by a high accuracy, generated by applying computer graphics technologies, becomes an important document for the study of landscape aspects and for the environmental impact on the new town planning. The use of Cinema 4D and Google Earth produces the possibility to obtain realistic views of the virtual model and to explore it in real time. Furthermore to make more feasible and fast the use of the mesh in Internet, it was necessary to reduce the level of detail (LoD), however maintaining in the same time the appearance as more realistic as possible. This is an important goal for the processing and the diffusion of the 3D urban data to the World Wide Web community.

INTRODUCTION
In recent years, significant progresses have been made in the development of the 3D city models. After millennia of traditional maps new uses open a new concept of map. Today the existing technology is able to provide detailed simulations of urban environments. These can be used, for visualizing the reality, setting up different 3D scenarios in local or remote mode (Intranet/Internet). The new age of Google Earth has opened the way to the 3D interactive environment allowing the users to put on the Web personal models and to other ones to discover, visualize and use these models. This popular application is growing much faster and provides new perspectives of using spatial data for better and earlier decision making. Furthermore 3D models have a variety of applications in geography, urban design, tourism and cultural aspects: site location analysis, facilities planning, marketing, disaster management, environmental simulations and so on. All that requires more sophisticated models beyond visualization. Generally, these models of cities or scenes have different degrees of detail and artistic rendering but that depends on the application. This paper presents a process for building a 3D city model mainly for realistic visualization and secondly for the Web manipulation on Google Earth. The 3D city model covers the historical center of Ancona (Italy), a town on the Adriatic Sea, rich of civil and historical testimonies. This area is wide and mostly irregular, with slopes and vertical masonry, buildings and man-made objects. The old city is an agglomeration of narrow streets that, starting to the dock, go up, with a characteristic slope, around the Guasco Hill. From the top of the hill you can see the geographical and morphological aspects of the environment: the hill close to the sea and the seaport waterfront. The surveying approach made use of different sources such as aerial photogrammetry and numerical cartography, completed necessarily by terrestrial surveying, orthoimages, digital elevation and surface models, because of the presence of thick vegetation and man made structures. The investigation was focused into two important tasks. The first task interested the reconstruction of a 3D model geometrically correct, textured by a good virtual representation; the second one made the model suitable for the public access on the Web. Starting to the row data we had to assume some simplifications and to describe the buildings by means of regular “boxes”. This task was one of the major efforts of the research but useful because reduces the amount of data and allows the use of active representation and good performance on Internet. In fact in base of the model purpose the data organization can be totally different, it depends if one needs only a realistic view of the world with additional tools for flying trough, or if one needs a spatial analysis.
THE AERIAL PHOTOGRAMMETRY SURVEY INTEGRATED BY TERRESTRIAL MEASUREMENTS
The aerial photogrammetry surveying consisted in the reconstruction of the geometry of every urban element by single entities (lines, polylines, etc.), individualizing in the detail the form of buildings, the heights, the roofs and the watersheds of the dock. We improved a previously cloud of 7100 points, acquired in the year 2000 by means a reflector less total station, with the aim to complete the three-dimensional model of the slope of the Guasco Hill. We used 3 stereoscopic models obtained by aerial frames by analogical camera RC20 WILD at a middle scale 1:2000, digitized to a resolution of 1200 dpi to guarantee centimeter accuracy.
The graphical primitive elements of the entities, acquired by means of a digital restitution, were inserted in different layers to make easy the successively phases of visualization and editing performed by CAD (Figure 1). At the end we stored 17500 points, which have been improved in the next field completion phase.
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Figure 1  The photogrammetric surveying
In fact it is of primary importance to complete a 3D model at urban scale by other information of manifold nature, that, inevitably, must to be directly acquired on field. Obviously from the aerial images it is not possible to see entirely the buildings, for a series of reasons: shaded zones, vegetation coverage, narrow streets and surroundings building heights. The field completion phase becomes essential to solve some ambiguities or to pick up any possible information. Field completion becomes synonymous of detail and increases the degree of resolution of the project, remembering always the final purpose: a product according to the technical rules related to the maps at scale 1:500 (AA.VV, 1976). This important phase, performed by means a laser Disto (Leica), acquired as well as 900 measurements. This information corrects the errors of interpretation, add the omitted details and remove the superfluous, clarify the division between the buildings. At the end a complete 3D wireframe has been obtained, showing a satisfactorily level of detail with an accuracy of 15 centimeters (Figure 2).
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Figure 2  The wireframe of the city center
THE 3D CITY MODEL: SOLIDS VS SURFACES

The graphic way of constructing the 3D city model depends on the characteristics of the data set. The passage to the solid model as a three-dimensional environment of faces and surfaces has been realized using solid features. Starting from the map it is possible to extrude the perimeter of the single buildings. The simplest and natural choice could be to assign the surfaces to the polylines of the 3D real elements as façades, roofs, walls, etc. The direct reconstruction, redrawing them on the wireframe, allows to obtain a better accuracy in correspondence of complex and articulated structures. The common use to describe buildings by faces is required for rendering and texturing purposes. But the work with the surfaces has many disadvantages: for example to create an infinity of small surfaces following the true forms of the buildings, involving much more time of work. 
Another method assumes some simplification of the row data in order to obtaine regular “boxes”. These boxes can be described using height, width and length and the necessary information can be collected from maps, orthoimages or aerial images, measurements from terrestrial surveying. So we preferred to realize the reconstruction of the 3D model by means of solid figures (Figure 3).
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Figure 3  The steps to reconstruct the regular boxes of the buildings

The advantages of this type of reconstruction, by solid figures in comparison to the surfaces, is that it is less time consuming and most powerful in terms of reducing the misunderstandings during the generation of the solid world. 

The whole model contains all the objects situated on the hill, such as walls, buildings, roads, ground, stairs and so on; different views can be produced with different lights, shades, colors, rendering effects and rectified images (Figure 4). This stage brings to the reconstruction of the virtual scene (Leberl et al., 1994).
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Figure 4  The render effect of the scene
3D VIRTUAL MODEL IN CINEMA4D

The purpose of the Virtual Reality (VR) is the realization, by means of computer, of virtual worlds, or rather of digital reproductions of real or imaginary worlds “explorable” to 360 degrees. In VR the images are not calculated before but are produced in real time. The user can decide what want to see, choose the point of view more interesting, select the object, rotate it, change its dimensions, colors, and, if he has the permission, interact with the whole environment. In the traditional animations, on the contrary, the user can only decide what part of the sequence of frames to visualize, he can move forward or back, select the speed of slide, but the showed scene is decided a priori. The fast technological evolution in computer graphics has overcome these limits, and completely revolutionized methods and formats of visualization. The tools for the construction of the virtual scene are different and so many. There are different steps to take care. The image acquisition of the real environment is one of the important points because it is the base of the simulated scenario. In fact the virtual scene must reproduce exactly the spatial and environmental conditions (position of the sun, brightness by the meteorological aspects, and so on). Following the processing of the 3D model assigns colors and material to the scene, puts the lights and the cameras. The decisive stage is the rendering. The software interprets the scene, the level of illumination, the materials and the points of view to produce a fixed image (Figure 5). The fixed images are not, however, the only realizable. In fact it is possible to animate any object of the scene, lights and inclusive cameras and make the rendering of a sequence of images to reproduce them in form of film (Kolbe et al., 2003).
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Figure 5  Some rendering views

Another possibility is to realize a scene where the end user is not a passive spectator but he can dynamically interact with that and this is “Virtual Reality". The VR studies the methods of interaction between the user and the real world and deals with a simulation that is totally perceived by the senses. This is made possible by navigation systems, 3D vision instruments, and manipulation objects tools and so on. To generate a realistic virtual representation is needed much more than a simple 3D model that must be easily interpreted as more realistic as possible. The VRML (Virtual Reality Modelling Language) is a language, specifically designed to describe 3D scenes, which can be interpreted by a WEB browser to explore the 3D model in real time. The main difference between VRML and other most popular 3D design and rendering tools is the non static conception of the language. In fact you have the possibility to create a 3D scene in the same moment when you surf on it and interact with it, without the need to change views and to regenerate each time the objects during the movement. We presented, some years ago a VRML application on a small part of the same model of this research (Fangi et al, 2002). This is dynamic type of VR representation.
At this point we underline the importance of the quality of the product. It’s obvious that comparing a video or a static image by graphic software or by VR browser, the first technology should always be better. But we must remember that the balancing between quality and velocity is a fundamental step for a wide use of the product. The CAD model of this research presents numerous 3D meshes that slow down the manageability of the model. We tried to simplify it without to limit the graphic aspect and above all without creating holes, preserving in some cases the greatest detail. This represents the research of equilibrium between quality of representation and slenderness of the model, but it is also the awareness point in the optimization phase. In our case highly detailed data are available only for selected buildings or for small area, while coarse data covers the whole area of interest. This balance, shifted towards a fair level of detail (LoD), compromises a little the navigability. It is a limit of the hardware, not of the language (Lindstrom et al., 1996).
To improve the realism of the model we processed it by Cinema 4D, an object oriented software which has the possibility to realize the animations in real time varying the positions, the rotations or the morphing of the objects in the space and in relationship to the time. Instead of the bitmap texture with high resolution, very heavy for rendering, we used the 2D and 3D procedural textures. The procedural method is not based on real image but is derived by a mathematical formula. These offer a variety of modifiable parameters to change the aspect of the texture and to obtain in the same time a realistic view. Photo realistic texturing applied to 3D model gives better presentation of the real world (Figures 6). The animated scene was obtained with a number of 30 frames per second, necessary to realize a much more fluid movement. 
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Figure 6  The realistic 3D urban scenario of the water front
THE GEOVISUALIZATION IN GOOGLE EARTH
Finally after the realistic detailed 3D scenery in local mode we put it in remote mode (Internet). The most ambitious idea was that to create on line a three-dimensional environment “explorable” in real time. Obviously, using it in Internet, continuously updated, with fluid and natural movement, it is a task very hard. The solution is quite simple: to transfer not images but descriptions of the scene and to assign the task to translate these descriptions in three-dimensional images to the client program of the single user. The browsers of the last generation and the World Wide Web have overcome the dimension of the graphical user interface, introducing the ability to move through the information not only in linear way but also in depth. The continuous use of terms that recalls the movement in the space (to move, to surfer, to go to a precise address, to reach a certain site, etc...) shows that the perception of the relationships between the information is of spatial type. The cyberspace is something more than of a metaphor. The virtual reality online is a natural step. The three-dimensional environment can contemporarily be visited from more people, physically distant but virtually close, able to see and to interact each other. 

Google Earth (GE) is a software which has overcome these barriers. It is able to show the Earth as a virtual world map. It is the tool of last generation for the research, the presentation and the sharing of geographical information data. The program allows to visualize the information, but also to upload information that can be shared with other consumer of the Net. A tool as Google Sketch Up creates or modifies 3D urban models, importing directly the remote sensing images from the environment GE, texturing the scene and then exporting again the model in the virtual world map (Figure 7). Unfortunately at this moment in GE there are some mistakes: the remote sensing images database is not up-to-date in time and also the DEM is rather approximate, so the reconstructions of the sites of interest or the roads network are not very true. 
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Figure 7  The virtual model in Google Sketch Up environment
Finally the service 3D Warehouse allows to upload and share the projects with other consumers of Google Earth (http://sketchup.google.it/3dwarehouse/) (Figure 8).
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Figure 8 The Google Earth sharing exploration
Speaking of data sharing a remark must be made to the file format kmz. This is a compressed version of the file KML (Keyhole Markup Language). It is based on the grammar XML, useful for the memorization of geographical characteristics as lines, images, polygons and models. As the HTML, the language KML has a based structure on tag with names and attributes that allows to define specific characteristics of visualization. Google Earth works as a browser for file KML.

CONCLUSION
Three dimensional models became a very important issue in the last few decades due to the increasing demand for a realistic representation of the real world and the disciplines studying the territory are involved more and more in this innovation. An increasing number of municipalities nowadays want to build up 3D city models, which can be used as a user-friendly interface to support urban planning processes and environmental modeling. The addition of a third dimension to the knowledge base of urban systems enriches the simulation capacity of predictive models. The city models typically are implemented on CAD systems with big effort whereas the visualization software offer only limited modeling capabilities. The new age of powerful tools of rendering or virtual dynamic systems grow up the potentiality for the users. Next generation of the 3D city models should be multifunctional, interoperable, intelligent, and multi-representational in order to be economical and sustainable. In the future an intelligent 3D city model should be a semantic model, where the objects can be known by their structure, thematic properties, and interrelationships with other objects.
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