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ABSTRACT

A 3D urban model is a digital representation of the earth's surface and the objects in urban areas. It is a tool to clarify and increase understanding of the real state of the cities. Framed within the OGC specifications to promote interoperability in Spatial Data Infrastructures (SDI), this paper presents the use of the City Geography Markup Language (CityGML) to make a 3D model of the city of Alicante (it has used as a prototype of the methodology developed by the conditions presented by the town). It is an open data model multi-scale and multi-purpose based on GML3 for virtual storing and exchanging of 3D city models. CityGML provides schemas for representing 3D urban objects buildings, including interiors, digital terrain models, water, vegetation, transportation, etc.
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1.0
INTRODUCTION

A 3D urban model is a digital representation of the earth's surface and the objects in urban areas. It is a tool to clarify and increase understanding of the real state of the cities.

A 3D urban model can be used by local government to make applications that permit, among others, urban planning management, noise pollution and environmental studies, emergency management, etc. These applications should be accessible to the user, with a visualization of information that is comprehensible to the majority of the population.

Earlier this XXI century still building-extraction in high density areas didn´t have realistic results [1]. So in the last years of the first decade has begun investigations on this line and in the search for a higher automation of the process, most of them still in progress, as the fully automated (with the desirable times and quality results) was not achieved [2]. And we can´t forget that the rules of standardization have been developed recently.

Within the construction of a 3d urban model, the first problem that arises is from the need to collect a huge amount of data that are accurate and truthful information of urban objects georeferenced and characterized by certain properties such as height, type, use, cover type, etc. This information has different formats and structures, such as orthophotos, Digital Elevation Models (mainly Digital Terrain Models and Digital Surface Models), points clouds, vector elements and non-spatial attributes associated with items that can be present with different resolutions and accuracies.  A second problem arises from the need to use different applications and programs (open source or proprietary) to generate low resolution models and a standard form to represent both the geometry and semantic information. Using multiple resolutions allows semantic data available are compatible.

Interoperability between these applications, programs and formats is a problem which, at present, can benefit the growing number of Open Source solutions and standards for the exchange and processing of data developed by different organizations. Developed under the directive: Infrastructure for Spatial Information in Europe (INSPIRE) [W1], Spatial Data Infrastructures (SDI) provides a framework to facilitate the exchange of data and meet the technical and semantic interoperability [3].

In this context, the Open Geospatial Consortium (OGC) [W2] has developed standards for exchange and display 2D information, among others, the Web Map Service (WMS) [W3], Web Feature Server (WFS) [W4] and Geographic Mark Up Language (GML) [W5] based on the grammar of XML. It is a language used to express geographical features and is a semantic layer on XML that provides a set of object classes to describe geographic features as entities, spatial reference systems, geometry, topology, time, units of measurement and general values. The OGC has also developed 3D data exchange standard (X3D) and the GML3.

As for modeling and 3D visualization, the International Standardization Organization (ISO) [W6] has developed the family of standards 19000 and from August 2008 there is an international standard OGC, the CityGML [4], [W7] based on the language GML3. The first works appeared in 2002 in Germany with the GDI NRW initiative (Initiative Geodata Infrastructure North-Rhine Westphalia) in the IDE´s philosophy for urban models exchange between two systems that use different vocabulary or different concepts and for virtual 3D urban models.

1.1
CityGML

Is a standard that uses a subset of GML3 geometric model, which is an implementation of the Standard ISO 19107 “Spatial Schema". It is also a supplementary standard rules, both 3D computer graphics [20] VRML [W8] and COLLADA [W9], as KML geovisualization [W10]. Unlike KML (used by Google), CityGML uses semantic and geometry structured.

Defines a common information model (ontology) and has a general-purpose semantic layer characteristic of the Semantic Web or Web 3.0 [5.6, W11], which is able to establish a high degree of interoperability both syntactic or technical that allows to communicate multiple spatial processing systems in real time via shared interfaces and it provides the ability to understand the data content, its quality, and its meaning.

As a standard for data exchange, supports the integration of data from different databases and data sets stored in information systems of different agencies. To facilitate cooperation among information systems is necessary to design a service and a process manager on 3D models to help improve communications between different actors and ensures interoperability between different software tools and platforms associated with information systems in urban environments [7].

On the other hand CityGML provides a data model (UML) [8] for the representation of 3D urban environments, which has the following characteristics [9, 10]:

· It is a multifunction model that allows going from data management to a data interpretation, including different functionalities, data storage, database modeling, data exchange and serves as the basis for Geographic Information Systems.
· Provides extension mechanisms that enrich the model in case of specific problems so we can link this information with the standard aspects of your data model while the semantic interoperability of the format is preserved.

· Provides schema for representing 3D urban objects, landscape models with respect to their geometry, topology, semantic and appearance. Represents the 3D topography using explicit forms, surfaces and volumes primarily, by identifying the most relevant types of objects that can be used in a wide variety of applications.

· Presents a consistent aggregation of spatial and semantic components (a building consists of a recursive composition of parts, thematic areas, facilities, windows, doors, rooms and furniture). The spatial components have thematic attributes (name, class, function, use, type of roof, address, etc.)

· Provides features to represent themes, 3D geometry, 3D topology, semantics, taxonomies and data aggregations, up to five different levels of detail (LOD levels) that permit to adapt to the level of representation that each application demands.  Figure 1.

· An object can be represented in different LOD in the same set of data simultaneously, providing the possibility of analysis and visualization of the same element in different degrees of resolution. You can also combine and integrate two sets of data containing the same object in different LOD.
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Figure 1: Levels of Detail.  CityGML
Karlsruhe Institute of Technology. Semantic Data Models [W12]

1.2
Works Objectives

The authors of this paper have developed a methodology for the automatization of the 3D urban modeling process, using technology and performance of CityGML framework, based on data collected from orthophotos, 2D vector drawings and 3D data provided by Lidar sensors [11]. These LIDAR data are dense 3D point clouds that stored geometric and radiometric information (level of intensity of the different pulses.)

Today, with the expectation of creating new services, especially in navigation systems areas and Virtual Reality and Augmented Reality, there is a need to have an efficient system for extraction of 3D elements. While away, full automation is still far away of the original ambitions ongoing research have a better understanding of the problem [12].

This paper presents the results obtained in developing LOD0 and LOD1 levels of the modeling process CityGML space for an area of the city of Alicante used as a prototype (working area coordinates in UTM projection x: 719692-720172, y: 4247015-4247496 on WGS84 ellipsoid). All information is stored in a CityGML format file. It is currently in progress LOD2 level and the implementation of a 3D spatial database that integrates the information generated by the different levels of detail characteristic of CityGML. Is developing a Web viewer, open source, allowing viewing files CityGML obtained.

With the completion of this work is intended, among other goals, reduce development time and costs of implementing a 3D model compared to traditional techniques, which contain a large manual component, and interoperability with the existing virtual reality applications in the market and get great versatility in terms of extent and type of urban environment.

Raised other objectives such as obtaining a three dimensional urban model with spatial accuracy indicated by the CityGML standard at his different levels and contribute to the development and improvement of the standard supported by the EuroSDR, through open research groups.

2.0
SYSTEM DESIGN METHODOLOGY

Solving a problem of this magnitude has been broken down into three main sections: Outline section, General section and Operations section. See system architecture in figure 2.
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Figure 2: System architecture.

2.1
Outline Section

In this module, used in the analysis of the issue and make decision. In turn consists of three phases:

· 2.1.1.  Information Collection. Figure 3.

· 2.1.2.  Study of software to use.

· 2.1.3.  Study of algorithms to be used for the realization, inter alia, the DTM and the LOD levels.
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Figure 3: Information Collection.
2.2
General Section

Can be considered as the core of the system. This module is responsible of organizing, managing and maintaining all information, linking the other modules. It breaks down into several phases.

· 2.2.1.  Getting the LOD0 level, the DTM has led directly with an accuracy of 5 m from Lidar sensor information from previous filtering and sorting.

· 2.2.2.  3D information modeling, including the development of 3D scenes using CityGML format. Development consists of the following stages:

· Classification and vectoring of the main elements (buildings, trees, asphalt), using maximum likelihood algorithms with the information from Lidar and radiometric information provided by the orthophotos [13].

· 3D scenario generation, in particular has developed LOD1, automatically constructing volumes of buildings and other elements from existing information, to the nearest 2 m and using different algorithms for the classification of plants and roofing, ground covers and street furniture [2], [14-15]
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Figure 4: Visual database generation.

· 2.2.3. Implementation of 3D database, which integrates the information generated by the different levels of detail characteristic of CityGML. CityGML store usually uses two databases, the first one where the ontology is stored and a second one where it is stored semantic and spatial information. This can be a commercial DBMS such as Oracle 11G Spatial, OGC and PostgreSQL with PostGIS extension enabled to manage geographic information. The latter is to be used in this work. Figure 4.

· 2.2.4.  Quality control by comparison with classical stereoscopic models and photogrammetric laboratory.  Figure 5.
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Figure 5: Quality control.

2.3
Operative Section

Which implements a web viewer, free software that allows to distribute this information as well, in intranet or internet. It is based on client-server architecture, a model for the development of information systems in which transactions are divided into separate processes that cooperate to exchange information, services or resources. The server is any application designed to meet customer requirements, and the customer is the process or device that initiates a service request. The initial request may become multiple job requirements through communication networks. The location of the data or application is completely transparent to the customer.

To implement a CityGML Web service are needed to perform the following steps:

· Implementation of a Web server

· Implementation of a Geographic Server.

· Implementation of a web viewer, be chosen from the web viewers to allow for displaying 3D data that support CityGML, commercial as LandXplorer (C + +) from Autodesk [W13] or free software, as FZKViewer, Aristotle 3D-Wiewer (Java) [ W14], GML Viewer, there BIMserver, checking compatibility with other more common viewers as Mapserver [W15] and Geoserver [W16]. See figure 6.
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Figure 6: Web Viewer.

3.0
SYSTEM DEVELOPMENT
The following explains the development of methodology for the case study.

3.1
Outline Section
3.1.1
Information Collection

The information used is varied both by its origin, as the means of acquisition, for the work development has used the following information:

· Data in vector format, DXF format from cadastre [W17].
· Images, necessary to visually locate the data and understand the context in which they are presented. We used orthophotos of the Plan Nacional de Ortofotografía Áerea (PNOA) from IGN [W18].

· Digital terrain models with mesh size of 5m, in XYZ format provided by the IGN [W18].

· Points Cloud from the Lidar sensor, with a density of 2 puntos/m2 provided by IGN [W18].

3.1.2
Study of Software to Use
Due to the complexity of a system with these characteristics has been used very diverse software. Specifically:

ArcGIS, to treat all information.

DIGI3D/MDTop, Photogrammetric Software.

TerraSCAN, Software for LiDAR data processing.

PostGree, with its spatial extension PostGIS, System Database Manager OGC

LandExplorer, , by Autodesk [W13]

Aristoteles, Free open source Visual explorer for CityGML [W14].

Eclipse development tools and C # [W20]
3.1.3
Study of Algorithms to Use
Lidar data source is a system that records plenty of geographical information and is necessary to filter and classify for generating digital terrain models (DTM), whose calculation is not an immediate process. Their production depends on several factors among which:

· The density of geographic features with height that are in the study area, preventing, in most cases (buildings, presence of dense vegetation), the emitted energy beams reach the floor.

· The variation of the slope.

· The size of objects.

The selection of points defining the surface topography is the fundamental problem for the Lidar data DTM.

In this work we used our own methodology [13] based on the integration of Lidar sensors data and data provided by high-resolution images, which yielded three-dimensional models of urban environments CityGML format, with the search for a high level of automation.

DTM was performed with a precision of 5 m, performing automated classification of points using the Maximum Likelihood classifier improved and extended with the Bayesian decision method.

We used this algorithm because it seemed [13] to be the most appropriate to resolve the problem by using multiple bands of spectral information and other attributes simultaneously [16-18].

3.2
General Section

This module organizes, manages and maintains all the information, linking the other modules.

3.2.1
Obtaining DTM, LOD 0

In CityGML field can be specified as a TIN (Triangulated Irregular Network), which is the way in which it has done in this project, to reach the final, took place the following phases:
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Figure 7: DTM obtained.

· Merged the information provided by the Lidar with information provided by high-resolution photos. In this way, each Lidar point corresponds to a digital value RGB.

· It was up to each Lidar point, a level of intensity, an increase of Z (elevation difference between first and last Lidar pulse) and a digital HSI value obtained from the RGB [13]. Five attributes associated with each Lidar point, in total.

· Through Maximum Likelihood algorithms, classified various points for several major classes (points in buildings, points on the ground, vegetation points and points in streets).

· Taking only the points on the ground, there was a Delaunay Triangulation [19] to obtain a triangulated irregular network (TIN) with accuracy better than 5 meters.
3.2.2
3D Information Modeling
The building model is the core of CityGML because it allows the representation issue and special buildings, their parts and accessories at the four levels of detail. The realization of a model should be adjusted to a number of assumptions:

· The geometry of geographic features should follow the ISO 19107 Standard and GML3.

· All coordinates must belong to a Reference Coordinate System Bank and local transformations are not allowed.

· According to the ISO 19109 standard for geographic features can be assigned more than one space property.

· The topological model should follow the ISO 19107 Standard GML3. The primitive node, eye, face, solid and aggregations must satisfy a number of integrity rules which ensure consistency of the model without any redundancy.

· The spatial properties of the thematic objects must be represented by geometrical-topological model Boundary Representation (B-Rep) [20].

· Information on the appearance of the surfaces is considered an integral part of virtual 3D urban models and is added to the semantic and spatial properties.

· The interior of the buildings is modeled rooms. It uses graph theory to represent the adjacency relationships.

3.2.2.1
 LOD1 Generation
As mentioned earlier, in LOD1 level, are constructed volumes of the buildings and other elements (flat roof), based on existing information and automatically, to the nearest 2 m. In this work the process was as follows, Figures 8 to12:

· From the classification given in the previous section, we take the points which are buildings, grounds and street.

· You create a TIN again with all these points. Of these, we select those triangles that have a certain minimum slope that is set as the threshold. Are all the triangles that define the lines of the buildings to make his floor.

· Using vectorization algorithms get the polygons that represent the floor of the buildings, in 2D.
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Figure 8: 2D buildings ‘floors.

· The whole points cloud available, select those points that fall within the polygons that define the floor of the buildings.
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	Figure 9: DTM points.
	Figure 10: Lidar points cloud.


· The height of each building is obtained by conducting an analysis of probability density of the heights given by the Lidar points located within the built up limits obtained.

· The meeting with the floor of each building will be held in the same way, but the points of analysis will be the last DTM generated.
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	Figure 11: With orthophotograph.
	Figure 12: New generated TIN.


Figure 13 shows the obtained result.
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Figure 13: LOD 1.
3.2.2.1
LOD2 Generation
At Level 2 LOD obtained buildings with roofs are presented for each, automatically covers generated, and with a 2 m accurate.

To this end, it’s used some of the information available, the source and the already obtained for the LOD 1. Although this level is in the process of generation, the work process itself is defined:

· The starting point is the plant of the buildings created in 2D, which is broken down into single cells by division of the plant, to minimize the variety of points to analyze [2].

· We analyze the slopes of the roof by a Delaunay triangulation [19].

· Divide the cover of each cell in the number of different slopes provided by the previous analysis [2].

· Defined the roofs of each of the cells, you will provide in their situation on the ground for the generation of complete cover of the building.

4.0
CONCLUSION

· In this work we have used the CityGML data model in which space objects and terrain models are represented by their geometry, topology, appearance, semantic and thematic properties. The decomposition into five levels of detail makes it usable in a wide range of applications.

· This paper presents the results obtained in developing LOD0 and LOD1 levels of CityGML spatial modeling process. All information is stored in a file in CityGML format.

· The implementation of the solution has been realized following a modular approach with the system architecture ensures that the solution is scalable and accessible from different types of devices with different features.

· It is currently in progress LOD2 level (roofs of buildings and ground cover) and the implementation of a 3D spatial database that integrates the information generated by the different levels of detail characteristic of CityGML, and a Web viewer capable of visualizing 3D data that support CityGML.

· The use of standards such as CityGML ensures compatibility with future developments of their own or others because it is an OGC standard for data exchange in Spatial Data Infrastructures (SDI).

5.0
Acknowledgements
The National Geographic Institute (IGN), for funding and providing the mapping, photograph and Lidar information.

6.0
REFERENCES

[1]
Brenner, C.  City Models- Automation in research and practice.  Fritsch/Spiller (eds.): Photogrammetric Week '01, Herbert Wichmann Verlag, Heidelberg. 2001.

[2]
Kada, M.  The 3D Berlin Proyect.  Fritsch, D. (ed.): Photogrammetric Week 2009, Wichmann Verlag, Heidelberg.  2009.

[3]
Groot, R, McLaughlin, JD, Geospatial Data Infrastructure - Concepts, Cases, and Good Practice. Oxford University Press, 2000.

[4]
Lake, R. Geography mark-up language (GML). Willey, 2004.

[5]
Finat, J, et al. Una aproximación semántica a sistemas de información 3D para la resolución de problemas de accesibilidad en patrimonio construido, ACE: Architecture, City and Environment, N 13, 2010.

[6]
Antoniou, G, Van Harmelen, F.  A Semantic Web Primer. Londres, Massachusetts Institute of Technology, 2004.

[7]
Hundler, J 2001. Agents and semantic Web. En: IEEE Intelligent Systems, 16(2): 30-37, Mar/Apr. 2001.

[8]
Booch, G, Rumbaugh, J, Jacobson, I.  Unified Modeling Language User Guide. Addison-Wesley, 1997.

[9]
Kolbe,TH, Gröger, G,. Towards unified 3D city models. In: Schiewe, J., Hahn, M, Madden, M, Sester, M (eds): Challenges in Geospatial Analysis, Integration and Visualization II. Proc. of Joint ISPRS Workshop, Stuttgart, 2003.

[10]
Kolbe, TH, Gröger, G.  Unified Representation of 3D City Models.  Geoinformation Science Journal, V.4, N. 1, 2004.

[11]
LIDAR. A White Paper of Lidar Mapping [On line] available in http://www.ambercore.com/files/TerrapointWhitePaper.pdf.

[12]
Brenner, C.  Building reconstruction from images and laser scaning. International Journal of Applied Earth Observations and Geoinformation, Volume 6, Issue 3-4, p. 187-198. 2005

[13]
Díez, A; Arozarena, A; Ormeño, S; Aguirre, J; Rodríguez, R; Sáenz, A.  Integración y optimización de tecnologías y metodologías Lidar y fotogramétricas para la producción cartográfica.  Proceedings of The international archives of the photogrammetry, remote sensing and spatial information sciences, ISPRS congress Beijing 2008.
[14]
Fierro, John Alejandro.  Extração semi-automática de feições planas e cálculo de entidades pontuais a partir dos dados lidar para o apoio fotogramétrico.  Presentación de tesis en ciencias geodésicas, Ciencias de la Tierra, Universidad de Paraná.  Curitiba 2007

[15]
Kada, M.  3D Building Generalisation by Roof Simplification and Typification.  Proceedings of the 23th International Cartographic Conference, Moscow, Russian Federation.  2007.
[16]
Mather, PM.  A computationally-efficient maximum-likelihood classifier employing prior probabilities for remotely-sensed data.  International Journal of Remote Sensing V 6, 1985.

[17]
Strahler, AH. The use of prior probabilities in máximum likelihood classification of remotely sensed data.  Remote Sensing of Environment, V10, 1980.

[18]
Tso, B, Mather, P.M. Classification Methods for Remotely Sensed Data.  London: Taylor & Francis, 2001.

[19]
Lee, D. T. and Schachter, B. J. "Two Algorithms for Constructing a Delaunay Triangulation." Int. J. Computer Information Sci. 9, 219-242, 1980.

[20]
Foley, J, van Dam, A, Feiner, S, Hughes, J.  Computer Graphics: Principles and Practice, Second Editiob, Addison-Wesley, Reading, Massachusetts, 1990.

WEB SITES
[W1]
Official web of INSPIRE projet: http://www.inspire-geoportal.eu/
[W2]
Official web of Open Geospatial Consortium: http://www.opengeospatial.org/
[W3]
Recommendation WMS: www.idee.es/recomendacionesCSG/RecomendacioneServicioMapas.pdf
[W4]
Recommendation WFS: www.idee.es/recomendacionesCSG/RecomendacioneServicioFeatures.pdf
[W5]
PGML website: http://www.opengeospatial.org/standards/gml
[W6]
ISO website: http://www.iso.org
[W7]
Web of CityGML OGC Standard Specification: http://www.opengeospatial.org/standards/citygml
[W8]
UML website: http://www.uml.org
[W9]
COLLADA website: http://www.collada.org

[W10]
KML website: code.google.com/intl/es/apis/kml/  

[W11]
web of Web.3.0: http://web30websemantica.comuf.com/
[W12]
Kalsruhe Institute of Tecnology web site: 

http://www.iai.fzk.de/www-extern/index.php?id=4&L=1

[W13]
web of Autodesk products: 

http://www.autodesk.es/adsk/servlet/index?siteID=455755&id=10480648
[W14]
Aristoteles website: http://www.ikg.uni-bonn.de/forschung/aristoteles.html
[W15]
Official web of MapServer documentation: http://mapserver.org/documentation.html
[W16]
Official web of GeoServer documentation: http://geoserver.org/documentation.html
[W17]
Official web of Cadastre-Spanish Government: https://www.sedecatastro.gob.es/
[W18]
Official web of Plan Nacional de Ortofotografía Aérea (PNOA) IGN - Spanish Government: http://www.ign.es/ign/layoutIn/actividadesFotoTelePNOA.do
[W19]
Official web of IGN – Spanish Government: http://www.ign.es/ign/main/index.do
[W20]
Eclipse website: http://www.eclipse.org/







































RTO-MP-IST-099
7 - 1
7 - 14
RTO-MP-IST-099
RTO-MP-IST-099
7 - 13

