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A large amount of damage of building structures induced by environmental influ-
ences like sun radiation, air pollution, moisture, freeze thaw alterations, vibration and
settlements are either starting or appearing first on the surface of the building structure.
The aim of the presented research is the development and qualification of an efficient
strategy for early digital detection, spatial recording and quantification of damage at and
close to the surface by using innovative automated electronic methods. With these meth-
ods, structural changes can also be observed for longer periods and appropriate measures
and repair can be applied at an early stage. Beyond that the effectiveness and sustainabil-
ity of protective measures can be analysed.

This strategy is based on the optimisation and combination of the following meth-
ods:

— Light section method by using a laser scanner and robotic pivot arm for re-
cording the geometry, topology of the surface and geometric alterations (e.g. cracks, bulg-
ing, deformations);

— Active thermography by using different heat sources and an infrared (IR) camera
for detecting of inhomogeneities in the surface near area, which are not directly visible at the
surface (e.g. delaminations, masonry structure behind plaster, cracks, voids, moisture).

In this presentation, the specifications, advantages and limits of both methods will
be presented.

With the light section method, a very precise determination of position of all six en-
velopes is possible. Arbitrary surfaces can be surveyed with an accuracy of about 0.1 mm.
A concatenating to 2D photos is possible. The disadvantages are the complexity of the
experimental set-up as well as the data analysis. Latter will be further developed in this
project.

With active thermography, inhomogeneities below the surface can be detected up to
a depth of about 10 cm. A maximum spatial resolution of 0.3 mm is possible, but can be
enhanced by using a close-up lense. Here, two different IR cameras being sensitive at
different wavelengths have been applied:

— Variocam hr from Infratec (7.5 to 14 pm, 640%480 pixels, uncooled
microbolometer array, 50 Hz frame rate);

— SC 1000 from Inframetrics (3 to 5 um, 248x239 pixels, stirling cooled Pt/PtSi
array).

For recording of congruent mappings of the object under investigation, first the in-
ternal aberrations of the IR cameras have been corrected (internal camera calibration) by
using a freeware matlab toolbox. This calibration shows considerable distortions up to 5%
at the boundaries, which cannot be neglected for datafusion.
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Fig. 1. Frame with digital Fig. 2. Damage at two columns
camera and IR camera in a cloister
for adjusting of images (Unser Lieben Frauen, Magdeburg)

For facilitating the fusion to the 3D data, parallel to the capturing of thermograms
digital photos are taken from the measurement area. For this, IR camera and digital cam-
era were both mounted into a common frame structure enabling a reproducible relative
position (see fig. 1).

Experimental data will be shown on the application of both methods to different
damage and structures of historic buildings. One of these case studies is shown in fig. 2.
Here, two columns have been investigated showing delaminations and loss of material.

Algorithms have been developed for data fusion enabling multi-layer 3D representa-
tions with all complementary and subsidiary information.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts 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
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


