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An ellipse fitting algorithm based on the
Taubin method [7] was implemented for data
handling in the RICH detector of the CBM ex-
periment [1]. In this work we present compara-
tive analysis of this method and a standard one
based on the Kepler equation, whose performance
yields to that of the Taubin method.

Recently the elliptic model of Cherenkov ra-
diation rings in the RICH detector of the CBM
experiment [1] was accepted instead of the previ-
ous circular one [4]. The method of ellipse fitting
has been developed basing on the Kepler equa-
tion of ellipse and using minimization by well
known MINUIT package [5, 6]. Further we call
it Minuit Fitter. In this paper we propose an al-
ternative approach, based on the direct Taubin
method [7], referred further to as Taubin Fitter.

It is important to stress that the Taubin method
is direct (non-iterative) and, therefore is much
faster than the method based on Minuit Fitter,
besides it is statistically more accurate [7, 8].

For comparison of two ellipse fitting methods
a set of points distributed along ellipses was simu-
lated with different rotation angles of ellipse axes
and various numbers of points. Each point was
simulated with normally distributed errors in X
and Y coordinates: N(0, σ) with σ = 0.3. Af-
ter testing we can conclude that Taubin Fitter
is 5 ÷ 25 times faster than Minuit Fitter, more-
over Taubin Fitter is practically independent on
the number of ellipse points (see Fig.1). As it
is demonstrated in the Fig.2, Taubin Fitter gives
also better estimated parameters of ellipse.

Figure 1: Calculation time for 105 ellipses vs. ellipse rotation angle (left) and number of points
(right)

Figure 2: Euclid norm of mean errors of estimated parameters vs. ellipse rotation angle (left) and number of
points (right)
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For testing closer to reality, 500 UrQMD
events Au+Au at 25 AGeV with additional 5e− and
5e+ per event were simulated and reconstructed to
check the RICH ring finding efficiency. Ring finding
efficiency is shown in Table 1. Taubin Fitter allows
increasing efficiency by 2.69% and reducing number
of fakes.

Table 1: Ring finding efficiency

Num.
of

Num.
of

Method Eff., % Fakes Clones
per
event

per
event

Ring Finder
with
Minuit
Fitter

90.33 6.75 0.42

Ring Finder
with
Taubin Fit-
ter

93.02 5.99 0.70

The comparison of two ellipse fitting methods
shows advantages of Taubin Fitter. On the basis
of our study Taubin Fitter was chosen as default
algorithm for ellipse fitting in RICH of the CBM
experiment. However, because Taubin method is
intended to fit a general conic section equation by
points on a plane, in some very rare cases Taubin
Fitter gives not an ellipse but a parabola or even a

hyperbola while Minuit Fitter gives only ellipse so-
lutions. Therefore, it is proposed to apply a hybrid
approach in the CBM experiment, when ellipse is
fitting by Taubin method in majority of cases, but
if it is failed Minuit Fitter can be used. It was in-
cluded in the CBM Framework [2, 3] and used now
as the default method.

References

[1] CBM Collaboration. Compressed Bary-
onic Matter Experiment. Technical Sta-
tus Report GSI.Darmstadt, (2005)
http://www.gsi.de/documents/DOC-2005-Feb-
447-1.pdf

[2] D. Bertini, M. Al-Turany, I. Koenig, and F. Uhlig.
Journal of Physics: Conf. Series 119 (2008) 032011.
IOP Publishing.

[3] FairRoot. Simulation and Analysis Framework.
http://fairroot.gsi.de

[4] CBM Progress Report 2007. GSI. Darmstadt,
(2008) http://www.gsi.de/documents/DOC-2008-
May-3-1.pdf

[5] S.A. Lebedev and G.A. Ososkov. Physics of Particles
and Nuclei, Letters (2009) Vol. 6, No. 2(151), pp.
258-282 (in russian)

[6] N. Chernov, G. Ososkov, I. Silin. Czech. J. Phys.
2000. V. 50, Suppl. S1. P. 347-354.

[7] G. Taubin. IEEE Trans. Pattern Analysis Machine
Intelligence, 13:1115-1138, 1991.

[8] N. Chernov. Journal of Mathematical Imaging and
Vision, 27 (2007), 231-239.

53



<<
  /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
  /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 improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


