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Abstract − Most cost-effective colour cameras have 

single image sensors with a fixed repeating pattern of colour 
filters with transmission spectra analogous to the human 
eye. To reconstruct a full colour image a process often 
referred to as “demosaicing” is necessary. Almost every past 
method for demosaicing had the intention to create the most 
pleasant image for the human observer. For dimensional 
measurement the priority is to create images without 
geometric errors, while the aesthetics of an image should 
only be the second priority. From a metrological point of 
view, the most important issue with this type of raw image 
data is that the three channels all have different pixel-grid 
positions and two different resolutions. This paper presents a 
new demosaicing method that is especially designed for 
applications of dimensional measurement and compares its 
application to common demosaicing methods. 
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1.  INTRODUCTION 

In most dimensional measurement applications by image 
processing systems monochromatic (greyscale) images are 
being used. The reason is that most objects of interest have 
features that can be measured by intensity contrast only 
when a suitable spectrum is used for illumination. Despite 
common practise there are good reasons for the use of multi-
channel (i.e. colour) imaging systems: There are objects 
which require more than one image channel to achieve a 
sufficient contrast for dimensional measurement. Many 
tasks in quality assurance require additional image 
processing like colour measurement, object recognition or 
scene analysis and it is not economically worthwhile to use 
separate imaging systems. In addition, humans have a 
trichromatic visual perception, and therefore, the operator of 
a machine is likely to feel more comfortable with a coloured 
live image. 

2. PROPOSED METHOD 

The central idea for the new method is that the 
reconstruction influences the data only in the way a real 
world optical system would alter information on its way 
from object plane to image sensor. The contour position of 
geometries and the characteristics of an edge image by 
refractive optics [1] are not to be altered. The desired result 
is a digital image in which subsequent edge probing 

algorithms can expect to have no artefacts caused by the 
demosaicing algorithm, since this could lead to coarse 
errors. 

 
 Fig. 1: Bayer-pattern CFA 

For one-chip cameras, the most common colour filter 
array (CFA) arrangement is the one proposed by Bayer [2]. 
It is shown in Fig. 1. For every pixel position only one of the 
three colour values is known. Simply filling the gaps poses a 
problem: Low-pass filtering would only be applied for 2/3 
of the image information. This leads to requirements for the 
new method: If a missing value is calculated from 
information of a bigger area, the known values need to be 
adapted to represent the same size of their surrounding area 
and all three channels need to be treated the same way. 

 
Fig. 2: mask for demosaicing process 

Most imaging optics have radial symatric characteristics. 
Therefore, the second requirement is that the area used for 
approximating missing data should closly resemble to the 
shape of a circle. To keep computational complexity and 
low-pass filtering moderate, the decision was made to use a 
mask of a 5 pixel diameter as shown in Fig. 2. Fixed pattern 
positions lead to fixed centre pixel distances (a, b, c, d, e) 
and therefore 5 weights w(r) at the positions as shown in 
Fig. 2. As a consequence of the arrangement of the Bayer-
Pattern-CFA, relations between weights are (1), (2) and (3). 
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To solve the system of equations and determine the 

weights, two more relations were needed that are specified 
by an energetic consideration: By which rules would the 
energy that fell on a single pixel in the image plane 
distribute to a larger area of pixels? A suitable 
approximation for a spread function of an image of an 
incoherently lit object is a two-dimensional Gaussian-
function (fig. 3) (4). Relations between w(a)/w(d) and 
w(b)/w(e) can now be calculated by the ratio of the integral 
values of the two-dimensional Gaussian density function 
over the respective areas (5). 

 
Fig. 3: 2d Gauss-function 
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and: 

 

 
Table 1: radius dependent weights 

 r w(r) 
a 0 0,765483 
b 1 0,4335828 
c √2 0,25 
d 2 0,05862925 
e √5 0.0332086 

 
Due to the doubled resolution of the green channel, half 

weight values are used for those pixels. 

2.1. Comparison to other methods 
To decide whether or not the new approach is suitable 

for its purpose, a full resolution colour image was artificially 
reduced to an image a camera with CFA would create. The 
following results of the demosaicing were compared to the 
original image, as well as those of other established 
methods: 

• The adaptive homogeneity direction method 
(AHD) [4] with its implementation in DCraw [5], 
which is especially designed for photography 

purposes. In this comparison it is the representative 
for this type of adaptive demosaicing. 

• Bilinear interpolation and bicubic interpolation 
which are often used in signal processing 

• Simple weight based approximation [3] where 
mathematics is similar to the new method but rules 
for the choice of the weights were less strict 

2.2. Subjective visual inspection 
Fig. 4 shows strongly magnified crops of the original and 

the according reconstructed images. Compared to (F), the 
original full resolution image, (A) manages to restore more 
details than the other methods. This is not surprising since it 
is especially designed for photography purposes where 
image detail is of importance. The results of (B) and (C) 
look almost identical, both displaying a mediocre restoration 
of detail but a “zippering” effect [4] at sharp edges is visible. 
Both constant weight methods, (D) and (E) restore less 
detail in comparison to other methods, where (D) does 
create slightly better results. In images restored by (E) the 
low-pass filtering is strongest among all demosaicing 
methods compared. 

Subjective qualities of the image are important for 
inspection purposes and user-friendly appearance, but the 
main application for the new method is dimensional 
measurement. 
 

 
Original (F) 

 
AHD (A) 

 
Bicubic (C) 

 
Bilinear (B) 

 
Proposed method (D) 

 
Simple weights (E) 

Fig. 4: reconstruction in detail 
  



2.3. Measurement of geometries 
Along with subjective visual inspection of the image 

quality, it is also critical to determine if measurement of 
geometric features of an object can be done in images 
reconstructed by the method. Since the chain of 
measurement with image processing systems has a lot of 
components (hard- and software) a comparison to real object 
metrics is not applicable. Measurement results of the 
reconstructed images were compared to the results in the 
original image. The test target used has a diffuse reflecting 
background with an almost constant reflectivity over VIS-
spectrum. There are high precision structures that are diffuse 
reflecting with very low reflectivity (basically a black-white 
contrast). The lack of a test target with high precision colour 
contrast objects means that the results will not reveal 
problems created when an algorithm treats the different 
channels differently. But it is possible to examine whether a 
single channel displays coarse errors compared to the 
original image. Geometries measured were circles and 
straight lines. Subpixel precision edge probing was done by 
algorithms of the QID-Library [6]. Edge probing works by a 
line search based approach. In one series of tests all 
parameters for the edge probing were fixed so that the only 
variation was the method used for demosaicing. All values 
are in units of pixels. There are no direct comparisons to the 
object size, only relative comparisons between images of the 
objects features. 

 
Table 2: deviations in geometry measurement 

 channel G  
diameter 
circle 

channel G 
y-position  
straight line 
(horizontal) 

channel R  
diameter 
circle 

channel R 
y-position  
straight line
(horizontal) 

(F) 155,6134 510,1743 155,5557 510,2876 
(A) -0,1877 -0,1968 -0,2254 -0,2174 
(B) -0,0016 +0,0036 +0,0002 +0,0029 
(C) +0,0026 +0,0052 +0,0067 -0,0002 
(D) +0,0080 +0,0006 +0,0109 -0,0035 
(E) +0,0168 -0,0015 +0,0183 -0,0001 
 RGB  

diameter 
circle 

RGB 
y-position 
straight line 
(horizontal) 

(F) 155,5083 509,1324 
(A) -0,2074 -0,1920 
(B) -0,0090 +0,0017 
(C) -0,0119 -0,0042 
(D) -0,0009 +0,0089 
(E) +0,0056 +0,01171 
 

By the parameters of the test series (number of search-
lines, single line precision) the variation of the geometric 
feature should be below ±0,02 pixels. According to the 
example results shown in Table 2, all methods except for 
(A) are suitable in situations where geometric primitives are 
measured in images with a large number of search-lines. The 
strongly detail oriented (A) creates edge position shifts 
towards brighter areas by 0,2 pixels. This does not 
necessarily mean that adaptive algorithms in general are not 
applicable for dimensional measurement, but it is more 
likely that they will create errors. The zippering effect of (B) 

and (C) does not seem to cause deviations when a large 
number of contour points is used for a geometric element 
calculation. 

 

 
(F) (A) 

 
(B) (C) 

 
(D) (E) 

Fig. 5 distribution of contour points for a line object 
 
Results of geometries calculated from a large number of 

points can only indicate systematic errors like offsets. For 
problems concerning the single search line, a look at the 
distribution of the points for a geometric feature is of 
interest. Fig. 5 shows point distributions for an almost 
horizontal straight line probed along pixel columns in the 
red channel. 

All demosaicing methods lead to similar distribution 
patterns as (F). The zippering effect of (B) and (C) at edges 
visible in Fig.4 does not seem to have an influence in the 
test series conducted. The deviation of the position 
determined for a single contour point is about ±0,02 pixels 
and almost identical in original and reconstructed images, 
which is a good result considering 2/3 of the image 
information was lost in the artificial CFA process. The low-
pass filtering does not lead to loss of edge information, with 
the specific edge probing applied here. 

2.4. Edge position in synthetic images 
After the initial results that did not show a significant 
advantage for the proposed method over bilinear 
demosaicing, further test series where conducted to 
determine differences between these two. The bilinear 
algorithm is of high interest because it is the algorithm that 
needs the least computational power and in addition it is the 
most common demosaicing method used in industrial image 
processing. 
The test consists of a series of images with a synthetic edge 
image. This edge image was created by using a Gaussian-
function with a scattering parameter of one pixel as a point 



spread function. In nine images the edge was then shifted by 
¼th of a pixel in a range from 0 to 2 pixels. The same 
procedure as in the preceding trial was applied: Artificial 
mosaicing followed by the different demosaicing methods 
for reconstruction of the images, followed by subpixel 
precision edge probing. 

Differences in the resulting edge position are shown in 
figures 6 and 7. 
 

 
Fig. 6 bilinear demosaicing: edge position deviation 

 
 

 
Fig. 7 proposed method: edge position deviation 

 
One observation is, that there is symmetry for the deviation 
of the edge position in all three channels in both methods. It 
is most likely a two-pixel-periodicity. This was expected as 
it is in the nature of the Bayer-Pattern. Another result of the 
CFA characteristic is the effect that the green channel has 
approximately half the edge position error of the red and 
blue channel; due to its two times higher resolution. 
Additionally, it is noteworthy that in the two methods the 
deviations in the channels are complementary in sign. The 
explanation of this effect is the expected signal 
characteristics of the interpolation / approximation 
algorithms. The bilinear method a signal that is not linear 
between two sampling points leads to typical higher or 

lower values. Neither common edge spread functions of 
optical systems, nor the ESF used in the synthetic images, 
are linear. Therefore the same effect is visible with the 
proposed method: Signal characteristics that differ from 
those expected lead to typical deviations, in this case in 
opposite direction as with linear interpolation. 
The result of this experiment is, that the images 
reconstructed with the proposed method have about half the 
deviation of edge position of images reconstructed by 
bilinear interpolation. This difference might vary with the 
actual PSF of an optical system, but the PSF used for the 
synthetic images is closer to real world functions [1] than 
any linear characteristic. 

3. CONCLUSION 

In the test series conducted with real world images there 
were only little differences in the result of the non-adaptive 
demosaicing for measurement of geometric quantities. In the 
synthetic test, differences were detectable. From the point of 
view that even the smallest deviations impair measurement 
uncertainty, the proposed method (D) has an advantage over 
the most common demosaicing method (B). However, it 
comes with a cost in computation time. 

From an image quality point of view (restoration of 
detail), the results with the proposed method are smoother 
but exhibit less demosaicing artefacts, i.e. zippering effect, 
than (B). 

It seems that adaptive algorithms (A) are not suited for 
applications with subsequent subpixel precision edge 
probing algorithms, but they might be a good choice for 
subjective inspections of the recorded scene, since they 
reconstruct more details (i.e. texture) in the images. 

In conclusion, the proposed method is a very good 
choice when precision of edge probing is of highest interest, 
and computation time and image detail are of secondary 
concern only. 

REFERENCES 

[1] M. Young, Optik, Laser, Wellenleiter, Berlin; Heidelberg 
1997 

[2]  B. E. Bayer, Color imaging array, U.S. Patent 3 971 065, 
1976 

[3] J. Schnee, Untersuchungen von Algorithmen zu 
Kantenortsbestimmungen für die hochauflösende Messung 
mit Farbkameras, Ilmenau 2007 

[4] K. Hirakawa, T.W. Parks, Adaptive homogeneity-directed 
demosaicing algorithm, Ieee transactions on image 
processing, vol. 14, no. 3, march 2005 

[5] D. Coffin, Raw photo decoder “dcraw” v8.88, 
http://www.cybercom.net/~dcoffin/dcraw/ 2008 

[6] STZ Ilmenau GmbH, Quick Image Development Software 
Library 7.01, Ilmenau, 2008 

 
 



<<
  /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


	PagNum1925: 1925
	ISBN1925: ISBN 978-963-88410-0-1 © 2009 IMEKO
	PagNum1926: 1926
	PagNum1927: 1927
	PagNum1928: 1928


