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1. INTRODUCTION 

  The representation and visualization of more or less detailed 3-D urban scenes can be done using 
different techniques, from those more conventional (for example, photogrammetry) to the most recent 
ones (laser scanning). However, the use and application of this kind of data for the study of urban 
environment quality (UEQ) remains unsettled for the analysis and planning of urban developments.  
 
  Several different types of analysis concerning urban morphology, such as solar accessibility, heat 
transfer and visibility analysis are introduced in this work. The applied methodology is directly 
related to the extraction of these indicators which are calculated according to the available 2-D and 3-
D georeferenciated urban data. The work here presented is part of a larger jointly project between 
many researchers, experts and end-users around Europe which integrates cross-disciplinary 
competences, like remote sensing, GIS, image processing, energy, environment, architecture and 
urban design.  
 
  The proposed tools are innovative solutions to apply complex spatial analysis operations to the urban 
scale, while existing tools on the market are generally implemented at the scale of architecture 
(buildings as single objects) or at the land use scale.  
 
  The ultimate scope of this research is to provide a set of tools finalized to the environmental 
assessment of cities, thus providing valuable feedback to urban designers and planners. Considering 
this target, it is very important to scrutinize the right modalities to present results, both in terms of 
quantifiable indicators and visual representations. On the one hand, quantitative indicators must be 
significant at the scale of the neighbourhood or city, and should be used for comparative studies 
among different design schemes; on the other hand, visualizations have to be immediately 
comprehensive also to the wider audience, thus trying to capture and translate the indicators on the 
maps in the most efficient way.     
 
2. DATA SOURCES USED 

  Due to its highest level of accuracy, the use of detailed 2-D vectorial building outlines and, when 
available, the 2-D projection of building roof outlines existing in 3-D city models (stored in GIS 
databases) is crucial in order to classify LIDAR points contained within each building and to improve 
the final result of the different 2.5-DUSM (Digital Urban Surface Model) interpolated and 
constructed.  
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  According to the algorithm initially presented by Axelsson (1999), raw LIDAR data points 
corresponding to terrain are classified. Hence, the use of a hybrid approach from raw LIDAR data 
contained within vector building outlines and roof prints allows respectively, to interpolate two 
independent 2.5-DUSM:  

 
- 2.5-D urban surface model (DUSM) of building outlines;  
- 2.5-D urban surface model (DUSM) of building roofs;  
 

 
Figure 1. The 2.5-DUSM of a neighborhood of the city of Lisbon, derived from LIDAR data (pixel 

size 1m X 1m) 
 
  Finally, both 2.5-DUSM are independently used for the extraction of several UEQ indicators, such 
as presented thereafter, in different pilot areas and cities (Geneva, Lausanne, Lisbon, New York, 
Milano). 
 
3. EXTRACTING URBAN ENVIRONMENT QUALITY (UEQ) INDICATORS 

3.1 Solar radiation on building facades and building roofs 

  These indicators address analysis on solar radiation incident on building roofs and building facades 
of the urban built environment.  
 
  The technique used for the calculation of analysis outputs related to solar radiation is based on the 
image processing of the 2.5-D DUSM and other input masks that are interpreted as raster images 
(height values from the DUSM, slope, orientation, roof prints and building and facade labels).  
 
  With regards to solar radiation analysis solar geometry formulae allow the derivation of both the 
beam and the diffuse components of hourly radiations, based on irradiance statistical values for a 
specific location, for every orientation and inclination of surface starting from the previous mentioned 
inputs. The shadow casting routine first introduced by Ratti and Richens (2004) is applied to the input 
images and is used to detect which pixels on roofs and facades are in shadow (cast from buildings or 
trees in the surrounding environment) and which collect direct sunlight. On this basis, we can assign 



13th AGILE International Conference on Geographic Information Science 2010 Page 3 of 6 
Guimarães, Portugal 

the global incident solar radiation calculated in W or J /m² for various times scales (hour, aggregation 
by day, month or year) on facades and roofs.  
 
  When roof sections are available (for example, in Geneva), yearly irradiation values (KWh/m2) are 
aggregated on each roof section to highlight in a synthetic representation which are suitable surfaces 
for installing solar collectors (Carneiro et al., 2009). 
 

 
 

Figure 2. Annual solar irradiation (KWh/m2) by building roofs’ sections for a neighborhood (pilot 
zone) of the city of Geneva. 

 
3.2 Morphological properties of buildings 

  Considering the image processing techniques described above in section 2, morphological properties 
of buildings can be calculated (Carneiro et al., 2010). Using the 2.5-DUSM of building roofs, areas of 
roofs can be calculated and by means of the 2.5-DUSM of building outlines, areas of facades and 
volumes can also be calculated. Other minor indicators can be then derived: 
 

- General morphological indicators: the total built floor area considering all storey (average 
height of 3m); the mean height of buildings on the site, total area of roofs (for solar 
collectors purpose for instance) 

- Derived indicators of urban density, as follows: the built volume on the considered urban 
area (m3/m2); the ground occupation index, i.e. the covered area to the urban area ratio 
(m2/m2); the floor area ratio (FAR) (m2/m2). 
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-  
 
Figure 3. Two maps illustrating the surface to volume ratios visualized in a 2-D (image 
above) and a 3-D (image below) representation for a neighborhood (pilot zone) of the city 
of Lausanne. 

 
3.3 Visibility analysis on the urban fabric 

  The visibility analysis at the urban scale aims to produce maps and qualitative indications about the 
visual experience through open spaces in the city. We refer to the concept of the isovist, as introduced 
above in the introduction. All isovists here presented are calculated using the 2.5-DUSM of building 
outlines plus vegetation higher than 2 meters.  
 
  Isovists can be visualized through different modalities (Morello, Ratti, 2009): 

a) 2-D isovist maps.  



13th AGILE International Conference on Geographic Information Science 2010 Page 5 of 6 
Guimarães, Portugal 

b) A sequence of 2-D isovists, such as the representation of “a walk through a number of 
steps”. 

c) The 2-D isovist field identifies collections of views accumulated at each point in space. It 
shows what is contained within each isovist at every viewpoint in the space  

d) 3-D isovist maps aim to quantify the visual experience in the third dimension. 
 

 
 

Figure 4. Superimposed isovists (right) along a path (the red line on the left) for a case study in the 
city of Milan. 

 
4. CONCLUSIONS  

  This paper introduces several tools that use different data sources in order to analyze UEQ indicators 
of the built fabric. As emerged, both the accuracy and reliability of some applications are significantly 
affected by the quality and availability of the source information.  
 
  The presented UEQ indicators are the basis for the development of further indicators addressed to 
various urban applications. For instance, the solar admittance indicator on buildings is rather useful in 
terms of urban energy planning and environmental policies devising at the level of community: 
inventory of well irradiated buildings, calculation of thermal and electrical potential for sun 
collectors, ratio to energy needs and global statistics. The morphological analysis could lead to 
interesting indicators that may be used by urban planners in order to predict the environmental 
behavior of different urban textures and the visibility analysis, as we have seen, is very promising in 
studies related to urban planning.  
 
  Future work should provide a common container as to manage different types of input data and to 
facilitate the computation of further indicators as those mentioned above. Moreover, the improvement 
of the interfaces among the different software used to read, analyze and reconstruct the models will 
certainly be fundamental to the increase of the usability of the proposed tools.  
 
BIBLIOGRAPHY 

Axelsson P., 1999 Processing of laser scanner data - algorithms and applications. The International 
Archives of the Photogrammetry, Remote Sensing and Spatial Information Sciences, Vol. 54, pp. 
138-147. 

 
Carneiro C., Morello E., Desthieux G., 2009 Assessment of Solar Irradiance on the Urban Fabric for 

the Production of Renewable Energy using LIDAR Data and Image Processing Techniques. In: 



13th AGILE International Conference on Geographic Information Science 2010 Page 6 of 6 
Guimarães, Portugal 

Sester M., Bernard L., Paelke V. (Eds.), Advances in GIS, Proceedings of the 12th AGILE 
Conference, Springer Berlin Heidelberg, pp. 83-112. 

 
Carneiro C., Morello E., Voegtle T., Golay F., 2010 Digital urban morphometrics: automatic 

extraction and assessment of morphological properties of buildings. Transactions in GIS 
(accepted but not published).  

 
Morello E., Ratti C., 2009 A Digital Image of the City: 3-D isovists in Lynch’s Urban Analysis. 

Environment and Planning B: Planning and Design , Vol. 36, pp. 837-853. 
 
Ratti C., Richens P., 2004 Raster analysis of urban form. Environment and Planning B: Planning and 

Design, Vol. 31(2), pp. 297-309. 
 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


