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ABSTRACT

The focus of this paper lies on the enrichment of 3D models from infrared (IR) images and on the integration of factual data, multiple image textures, and meta data into a GIS database. Recently, a 3D geographic information model CityGML was developed to combine geometric data and links to texture images as well as factual data and meta data of 3D city models. CityGML does not process multiple textures and animated textures resulting from visual and infrared sensors that were taken at different timings to record the thermal behaviour of a building. However, the open-source-platform of CityGML offers the possibility to integrate individual extensions. Those are not displayed by common standard 3D viewers. It is therefore advantageous to configure the viewer (e.g. Aristoteles) to enable visualization and exploration of thermal features and data.
1. Introduction
The integration and visualization of geographic data into 3D city models has just been realised in diversified applications like in risk management, urban planning or mobile radio networks. Due to this ongoing research, many proprietary data formats are in use and cause many problems to exchange the data between several programs. In addition, these data formats generally support only geometrical or graphical models and do not consider factual or meta data (Kolbe and Gröger, 2003). This challenge was tackled by a network of institutions. Sig3D has developed the exchange format CityGML (Gröger, et al., 2005, Dörschlag, 2006, Kolbe, et al., 2005)
 that is based on the extensible mark-up language XML (W3C, 2001). The semantic, topologic and geometric model has been developed with the purpose to exchange basic information about buildings. Therefore, CityGML offers to integrate extensions of project related content into the original file with their own namespaces. Hence, CityGML offers the possibility to exchange data between several programs and database.
Nowadays, IR images are constituted by various operations. Terrestrial cameras are used to detect irradiation of building facades and to specify thermal behaviour (Klingert, 2006, Gehrling, 2005). Satellite images provide a basis for vegetation monitoring (Quattrochi and Luvall, 1999), analysis of urban heat islands (Lo and Quattrochi, 2003), fire detection (Siegert, et al., 2004), and detecting of leakages in district heating systems (Koskeleinen, 1992). Typically, thermal inspection of single buildings is realised by manually editing photographic representations. To analyse bigger parts of buildings it is favourable to study several images. As a prerequisite for dealing with multi-temporal and multi-spectral data it is necessary to switch between the textures of every surface polygon. Furthermore, it is necessary to collect their factual data and their results after classification. Therefore, the resolution quantification, the meteorological data for calculating the absolute temperature and the completeness of façade measurement has to be integrated. In addition, there is a need to develop extensions that realise a link of thermal hotspots and cartographic information and that integrate new geometry (e.g. windows).
2. Data 

2.1 Data set
The underlying model visualize the Technische Universität München and was executed within a diploma thesis at the department of surveying (Firsching, et al., 1999). Firsching et al. took the measurements of the entire complex of buildings in Gauß-Krueger coordinates to visualize the university in a 3D VRML model. The buildings were textured with rectified digital photos from the visible wave length area and represented the surface of the university’s parent house. In addition, it doesn’t contain eaves supernatants in the model, hence the model represents the level of detail grade two (LOD2) according the definition by Sig3Dgroup. In other words, the building and roof outlines are concurrent. The measured results were a ground map with construed roof ridges and corresponding high values.

Each line inside the TUM ground plan was extruded with measured high values, but the out-coming model consists of inlaying roof ridge polygons seen in Fig 2 (1) and by doubled construed outlines two façade polygons with frequently different normal vectors seen in Fig 2 (2). Due to, the master model was corrected by detection of double facades, wrong normal vectors, and inlaying polygons. Finally the VRML 3D model was converted into X3D to get a representative model for the infrared project. The X3D standard is based on XML and discerns to VRML by the enclosed values with eponymous mark-ups.
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Fig 1 X3D model of the Technical University of Munich
[image: image2.png]=L B





Fig 2 Faults inside the 3d model

Furthermore, from the municipal surveying office provide address data like street names and street numbers with Gauss-Krueger coordinates in ASCII format and 2.5D shape data with include building outlines, building highs, storey count and roof types.
These data represent the data set for the thermal project that aims to link factual data with geographical data, store these data with the visible light and infrared textures and visualize the results inside a computer application with the possibility to pose the enriched data and switching between the different façade textures.
2.2 Thermal data acquisition
For the recording of thermal information we used a special measurement vehicle by FGAN/FOM
 (Fig 3). This vehicle was furnished with two different infrared video cameras, one visible light camera and a GPS tracking system. The two cameras recorded video streams in the wave ranges of 8 - 12µm and 3 - 5µm by 50 frames per seconds and a resolution of 320 x 240 pixels. Furthermore, one visible light camera took pictures in the range of 0,4 - 0,7µm with a smaller focal length to meliorate enhance the façade overview. The camera position was captured by a GPS signal.
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Fig 3 Measurement mounting
Due to positions errors that result from closed buildings which disrupted the satellite signal a theodolite tracking system was constituted to control the camera trajectory. All records from the measuring vehicle were synchronized with a timestamp signal.
Furthermore, a parallel measurement with the same cameras assembly mounted on a tripod records with a fixed view the thermal behaviour of the eastern university façade on the verge of sunrise till short past sunset.

The results of infrared recording are relative temperature values. To conceive the correct façade temperatures we gathered by a local weather station the air and wet temperature in two and 30 meters; the short, middle and long radiations and the air pressure.

3. Texture matching

Another part of the project that is described in Hoegner and Stilla (2007) is engaged with the extraction of façade textures from the recorded thermal video sequences. Therefore, the GPS Signal is used to simulate a virtual camera movement along the 3D model. In the future work, the video stream will be used to overlie with the real video stream. After this, the existing 3D Model with a created virtual camera trajectory is used to limit the edge detection by the automatic search of the façade texture.

Due to the oblique view the resolution decreases in the posterior image areas. For the final infrared texture only the frame areas of the highest resolution are used. The image of the final texture resolution shows two vertical gradients.
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4. integration of different Data sources and their visualization
Typically, data formats are developed to exchange and save data in their proprietary formats. They are no standards or are becoming standards, by widespread firm standard formats like AutoCAD (*.dxf), or ESRI (*.shp) files. Most of them save either geometrical, or factual or both of them in their standard. But they didn’t support append project specific information. Furthermore, the fewest one can handle with 3D coordinates, many of them serve only 2.5 dimension. Standard formats like VRML or X3D support only the full 3D compatibility but not the handling with factual data.

Our approach is to handle with this accosted problem to combine and exchange between software systems 3D geometrical and factual data. Therefore we insertion an open source solution without format constrains by proprietary data formats. It’s supported the extensibility from own applications. Therefore we work with CityGML.
4.1 CityGML
CityGML format was founded by the SIG3D group in 2003 (Sig3D, 2003). The continuous work defines a common open standard which is based on ISO TC211 and OGC GML 3 standard for exchange 3D urban contents between different computer applications. SIG3D has developed a general semantically- geometrical and topological model with differentiated thematically classes and attributes, relations, permit multifunctional applications and different level of details.
CityGML is based on the extensible mark up language XML standard (W3C, 2001). The XML topology is similar like VRML but with an import advantage. Each element is framed in a denominated mark-up.
<building_part>1256</building_part>

Thereby the aimed sharing of subparts is easy to convert. XML structures are always built up with a scheme (*.xsd) and an instance file (*.xml). Former content the modelling rules the other one the data. The CityGML scheme file defines the relations and classes for the important topographic object of buildings. The geometrical modelling of 3D objects will be represented with the boundary representing method (Brep, (Mantyla, 1988)). The Breps are called in CityGML ring polygons also referred to as linear rings. Consequently each three dimensional coordinate represents a façade corner. These coordinates personate knots in a ring polygon. To build up a façade the knots will conjoin with lines to a closed ring polygon. The knots storing and build up order is anti-clockwise and displayed in the CityGML mark-up. 
<gml:posList srsDimension="3"> … </gml:posList>
The last knot in the list is the same as the first one and represents a closed ring polygon. 
One façade edge is the result of two tangentially ring-polygons and the knots they are represent the façade corners occur in both polygons. Hence, the topological information can be query about the whole building.

Furthermore, the material properties of CityGML are the same as the standards of VRML and X3D. Thereby gets each polygon during the texturing information about texture coordinates, the file path of the texture, a texture orientation and the standardised computer graphic radio metrical values. These values are necessary to calculate the approach of the Bidirectional Reflectance Distribution Function (BRDF) of isotropic materials (Fig 4). 
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CityGML consider the parent-child relationship. This means that the child structure inherit all attribute of the parents. Due to a topological structure can build up to subdivide buildings e.g. in building parts, walls, and windows. Each level name can include subject-specific features. Furthermore the becoming standard factor in different level of details. Thereby permit the scheme for further building details the sustainability.
The open becoming standard supports the common data of building data like address, storey high, roof type, year of construction, but the individual information can’t be supported by CityGML. Therefore it assists extension for project specified scheme with their own namespace into their original file. For the project we used the xs namespace for urban data and the xAL namespace for address data. Both of them are developed by CityGML. For the recorded thermal data a further extension was added with ir namespace notation. Due to CityGML supports more than a simple graphic format and prerequisite for the operation in the infrared project.
4.2 Project relevant extension
The important parts to integrate thermal information into CityGML are attributes, relations and space references like geometry properties and enclosed features. The open source mind of CityGML allows the integration of project relevant information into the original instance file and the potential usage of this modified CityGML scheme. For our project we defined a new infrared scheme. This deals with the meteorological, textural and time information and describes the syntactical assembling concerning there structure and contend. The scheme was embedded into the instance file with a new namespace implements (Fig 5) and the namespace extension (Fig 6).
ir:schemaLocation=http://localhost/IR_XSD/infrared.xsd
Fig 5  Namespace implements
<ir:Date>2007-01-01</ir:Date>

<ir:Time>11:05:00-1</ir:Time>

Fig 6 Namespace extension
4.3 Project relevant content
During the thermal measurements a large amounts of different values are stored. All these data are saved within a data base to quantify the generated façade texture or to reconstruct the thermal behaviour.
4.3.1 Meteorological data

The meteorological data are necessary to calculate the absolute temperature on the façade surface. On a local meteorological station closed by the test area captured several radiation and temperature values during the measure campaign. Over 36.000 values were recorded in a day and this dataset is too large to combine this with each façade. Therefore, we only store the meteorological moment to the façade at the time of façade recording. The result is a reduced data amount and each façade allocate one meteorological moment at record time. The relation to the meteorological values is necessary, because each façade is recorded at a different time under varying weather condition. Thereby, the comparisons are easier between several infrared textures during a time period of the same façade or from different facades. The original meteorological dataset has been stored outside of CityGML to obtain the possibility to reconstruct the weather overview or to determine the behaviour of façades over a longer time interval. Hence, just the path of the whole dataset was stored.

4.3.2 Facade texture

The façade textures represent the radiation values of the camera records, but through the oblique camera views the resolution of measurement values inside the final texture are not equal. Accordingly, a further texture is stored to represent the quality of resolution. Due to, each generated texture gets one resolution image. By three cameras and their resolution images six textures files uprise. To handle with those textures following file extensions are created.
	Type
	Full name

	_vl
	visible light

	_vl_res
	Resolution texture of visible light 

	_fir
	far ir light

	_fir_res
	Resolution texture of far ir light

	_mir
	Middle ir light

	_mir_res
	Resolution texture of middle ir light


Fig 7 file extension
Within the polygon scheme the textureMap mark-up defines the information about where the texture are storing. For the development of the thermal project we used the definition in our own namespace with additional attributes to discern the unequal textures. 

To guarantee the correct texture representation on the façade the polygon needs the necessary texture coordinates. 
They are defined in their own plain coordination system. Each knot of a ring polygon carries two texture coordinates (u and v). They describe the position of the polygon knot within a two dimensional texture. Due to, that the edge detection and there resulted extracted textured based on the 3D Model, the texture is suitably to the ring polygon. Consequently, no margin-duplication-effect exists and the absolute texture coordinates for the ring polygon gets from null to one in both directions (Fig 8). 
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Fig 8 UV-texture coordinate system
Another point is the matching between façade polygon and the generated texture. It was solved by the name inheritance. Basically for the successful received of rectified textures the ring-polygon of the façade has to been recognized before. Due to that each polygon carries an explicit name relieves to wrapped out the name for the further operations. If the texture name undertaken from the polygon the generated textures can be differ soonest after the correct allocation of the file extensions are added (Fig 7).
For the lossless texture compression are used the Lempel-Ziv-Welch-algorithm (LZW) (Welch, 1984) within the TIFF format. 
Inside the instance file of the predefined CityGML structure the texture paths and the belonging texture coordinates are integrated with their infrared namespaces to provide the possibility to change the texture display on the façade surface during a three dimensional surrounding operation.
4.3.3 Specific data
An important point is the texture completeness. Due to the small field of view and the oblique record directions some parts of the façade are partly invisible. These texture gaps are gathering to know which façade is completed. They are coloured in a proper RGB value to separate between the texture gaps and the non texture areas (Fig 9).
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Fig 9
The dimension of missing texture is representing by a percentage value. Thereby, the value doesn’t represent the right place of the gap, but only the ratio between the façade polygon and the captured thermal values.
A specified localization of the lack texture peaces are unproblematic possible, but the predication about the exactly location aren’t necessary, because another vehicle measurement sequences can’t factor in this special locations. Only a manual measurement can be used this information and for that a simple percentage value sufficient to get the information that a façade isn’t completed.
We challenge to evaluate the thermal façade behaviour. It is improbable to classify the building fabric, because the knowledge about the typical radiation of each material by different weather condition is known before. But it is possible to detect distinctive relative thermal differences. For example heat bridges, heat insulation, and windows. The extractions are two dimensional geometric primitives with included semantic data. These data can be images (photos, pictograms) or information (windows, doors) after successfully classification. For this case we define XML mark-ups with the denotation of geometrical form primitive in the ir namespace. The denotations contain comparable with the façade ring-polygons further mark-ups to carry text or image information. Consequently the XML scheme can expand with new records or classification data.
5. From X3D to CityGML
The X3D file contains only the geometrical and texture information of the raw model. To enrich this model with more data the structure is changed into CityGML ring-polygons. X3D construct their rectangle faces with a list of three dimensional floating coordinates and an index list to indicate the coordinate order to build up all triangles on a face. Value -1 in the index list completes a triangle. For CityGML the coordinate and index list from one facade are assimilated in one coordinate list. The 3D coordinates in the list displays the anti-clockwise position of façade corners. Facade name, normal vector, and global appearance properties are transfused directly. Due to the knowledge about the level of detail can the converted model embed into the CityGML scheme field lod2SurfaceProperty. After conversion the fundamental model is prepared to add factual, thermal, and meteorological data. 
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Fig 10 Java environment
The thermal textures with their identical polygon name and thermal name extension are being saved for the first time when all other processing steps are accomplished. In case of non existing textures a unit colour is standing in. The results are finally written in the CityGML output file for posterior importing and visualization. 
The new scheme is identically as the scheme in the used data base. Therefore it doesn’t need complex conversions to import new records or exchange data sets. For our solution we used the Oracle 9i data base to integrate the thermal CityGML scheme.
6. Visualization 
6.1 Aristoteles 3D
For the first-time visualization we use the open source program Aristoteles 3D Viewer that provides the opportunity to read, to manipulate and to store CityGML files in a 3D environment. It will be developed by the Institute of Geodesy and Geoinformatics, University of Bonn (Dörschlag and Drerup, 2007). Aristoteles solely supports the standard scheme. Doesn’t exists an adapted plug-in tool the enriched information can’t display in the 3D surrounding, though it’s possible to see the embedded information in the Aristoteles XML scene DOM editor. This editor fragments the whole semantic CityGML file structure. But for the better operation a new plug-in tool will be developed to purpose of interpreting and visualizing the infrared information. This tool read the project specified namespace out and displayed the data on the facade in the form of a submenu annotation. 
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7. Discussion

For the further work we want to enforce our efforts to research different visualization techniques in the 2D and 3D environment, e.g. to work with animated textures to get a better overview about the thermal behaviour over a longer period or classical two dimensional maps with legend and pictogram to display thermal specifics on a facade, aren’t discussed yet. 

Another point is the illumination. The recorded thermal textures are only facade radiations. Who intense the influence between the global illumination of a three dimensional surrounding and the façade radiation for the presentation is, have to be under examination.
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