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Abstract. A method of estimating the mean velocity of a group of vehicles
moving in one lane was proposed. The vehicle image blurring and the appear-
ance of Gaussian noises at individual stages of image acquisition were consid-
ered. The method is based on the signal approximation by application of a
parabolic function (formulas (1) and (2)). The algorithm work in strong random
noise conditions was verified through appropriate computer simulations.
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1 Introduction

In this paper the problem of vehicles velocity estimation based on the image regis-
tered by a video camera was considered. In the case of low level noise, the method
based on subtracting subsequent image frames is used, which enables identification of
moving objects. One such example is an algorithm proposed by Lucas and Kanade
[1]. One of the versions of this algorithm includes an application of image derivative.
However, signal differentiation procedures in the presence of random noises may
yield large errors [3]. In the case of higher noise, the method of subtracting subse-
quent image sequences becomes useless, since it leads to an increase in the noise level
— a summation of noise variance occurs.

In this paper, in which strong random noises are considered, it has been assumed
that for individual frames an object position is estimated, and that the velocity is de-
termined on the basis of image sequences (10 or 20). The method will be illustrated
using a single moving vehicle, and subsequently, it will be implemented to estimate
the mean velocity of a group of vehicles.

2 Estimation of a Single Vehicle Velocity

It is assumed that before the velocity measurement started, a sufficient number of
background images had been registered (e.g. 1000), on the basis of which averaging
was done, which enabled identification of characteristic background features. It is also
assumed that an averaged background image is subtracted from subsequent registered
images with a moving vehicle. As a result, it is assumed that the background has a
level equal to zero and is disturbed by a Gaussian noise in the same way as was the

J. Mikulski (Ed.): TST 2010, CCIS 104, pp. 168-174,2010.
© Springer-Verlag Berlin Heidelberg 2010



Estimation of the Mean Velocity of a Group of Vehicles 169

vehicle. In order to simplify these deliberations, vehicles in a simplified grayscale are
considered: a figure AS=0.5 is assigned to a light-color vehicle, and a figure AS=-0.5
is assigned to a dark-color one. Assuming that a car velocity equals 90 km/h and that
a camera registers 25 frames per second, it can be found that two subsequent frames
correspond to the distance of one meter covered by the vehicle. Assuming that the
video camera has a resolution of 320 pixels and that the image covers 320 meters of
the road, it can be concluded that the distance between two adjacent pixels of the
image corresponds to the distance of 1 meter of the road. It is also assumed that the
movement of a group of vehicles — each 6-meter long - takes place in one lane, and
that the camera is placed on a side of the road.

A model of a vehicle, i.e. a rectangle with a base of 6 pixels, has been blurred us-
ing moving average filter, and has taken the shape of trapezium ys shown in Fig.1.
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Fig. 1. Model of a single vehicle

The figure presented in Fig. 1 has been disturbed by a Gaussian noise with its stan-
dard variationo = 0,3, which has been shown in Fig. 2.
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Fig. 2. A sample figure representing a vehicle in the presence of random noises obtained
through computer simulations
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In order to estimate a vehicle position, a parabolic approximation was adopted in
the following form.

£, j) = a0; +al; - j+a2; - j* (1)

where j=—-M,-M +1,..,.M .
Trend parameters were determined using formulas:
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Fig. 3. Averaged values of coefficient a0; . Vertical lines define the interval (nl, nl+d) in
which a vehicle is present.
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Fig. 4. Averaged absolute values of coefficient al; .Vertical lines define the interval (n1, n1+d)

in which a vehicle is present.

Fig. 3, Fig.4. and Fig. 5 show the values of trend parameters obtained by averaging
the results of a hundred of computer simulations.
From these figures, three methods of vehicle center estimation are obtained:

»  coefficient a0; maximum method
= |a1,-| minimum method, having earlier determined the position of maximum

values
= coefficient a2; minimum method.

As aresult of a numerical experiment, the strongest resistance to random noise proved
the method based on coefficient ¢0; maximum. In this paper this method was applied
(marked as variant I) along with its modification which consisted in the search for the
maximum value of the product L of subsequent coefficients a0; (variant II).

The algorithm of vehicle velocity estimation is the following. For consecutive (e.g.
10) images we determine the values of pixels for which the maximum of coefficient
a0; occurred, as well as their median. The values of pixels whose distance from the
median exceeds 20 are replaced with the mean value of their neighbors. In the case of
outermost pixels (the first or the last), the linear extrapolation of the values of two
closest pixels is performed. For the obtained set a linear trend is determined. Its slope
of a straight line determines the vehicle velocity. In the case of variant I, root mean
square error rmsejy = 0,129 was obtained for the sequence of 10 images and

rmse, = 0,040 for 20 images — calculations were made for a window 2M +1 = 15
(formula (2)). Variant II yielded the following error values: rmse;y = 0,109,
rmsey = 0,033 - for M =7 and L = 4 respectively.
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Fig. 5. Averaged values of coefficient a2; Vertical lines define the interval (nl, nl+d) in
which a vehicle is present.

The limitation of this method is the number of wild pixels with the values diverg-
ing strongly from the median. In the case of noise of the level o =0,3 it constituted
up to 30%, which guaranteed the right median value. For o = 0,4 erroneous observa-
tions constituted up to 50%, which rendered correction impossible.

3 Estimation of Vehicle Group Velocity

Fig. 6 shows the model of a group of three vehicles — each 6 pixels long (6m) — with
the distance between the centers of the vehicles equal 15 pixels (15m), which means
that the real distance between the vehicles was 9 pixels (9m).
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Fig. 6. Model of a group of vehicles
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Fig. 7. Fig. 6 disturbed by Gaussian noise with standard deviation 0 = 0,3

Fig. 7 shows an example of computer simulations in which random noise
(0 =0,3) was added to the image shown in Fig. 6.

The algorithm of velocity estimation for a group of vehicles is similar to the algo-
rithm described in section 2. For a given image, pixel i; coordinates of coefficient

a0; maximum are determined, and subsequently, this action is repeated excluding
pointsij —5,i; —4,...,i; +5, obtaining the value of pixel i,. Another exclusion of
points i, —5,iy —4,...,i +5 allows to determine coordinate i3 corresponding to the
third extremum. The determined coordinates ij,i,,#3 are then put in order of increas-

ing value. The described actions are repeated for every image. Subsequently, three
groups are determined: the first including the coordinates of pixels which, as a result
of arranging, were placed in the first position; the second including pixels in midposi-
tion; the third including pixels in the last position. For each group, which represents
the location of an individual vehicle, its velocity is determined — following the algo-
rithm described in section 2.

Table 1 includes the results of computer simulations performed for the sequence of
10 images. In both variants (I and II) the window size (formula (2)) was 2M + 1 = 15,

Table 1. Results of vehicle group velocity estimation

Variant Vehicle Velocity bias rmse mae

I I 0,976 -0,024 0,130 0,106
II 0,943 -0,057 0,130 0,108
I 0,918 -0,083 0,133 0,115
group 0,945 -0,055 0,086 0,074

I I 1,017 0,17 0,074 0,055
1T 0,994 -0,006 0,037 0,029
I 0,979 -0,021 0,087 0,067

group 0,997 -0,003 0,040 0,031
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however in the case of variant II, product L = 6 of consecutive values of coefficient
a0; was considered.

The last column of the table includes the values of mean absolute error.

The most important error criterion is rmse, since it is a square root of mean square
error (mse), where mse is the sum of variance and the square of bias [2].

The velocity of a group of vehicles was derived as a mean of results for individual
vehicles obtained for subsequent computer simulations. Looking at the table, it can be
concluded that the velocity of a group of vehicles in Variant II has smaller bias than
velocity biases for individual vehicles. However, the value of error rmse became
smaller for both Variants I and II.

4 Conclusions

In this paper we proposed a method of estimating average velocity of a group of vehi-
cles based on the image registered by a video camera including high level noise. The
algorithm is based on the approximation of a signal using a parabolic function (formu-
las (1) and (2)). Two variants of the method were considered: a direct search for the
position of the maximum of coefficient a0; (variant I) as well as determining the

position of the product maximum of L consecutive values of this coefficient (variant
II). Having analyzed the data presented in Table 1, it can be concluded that Variant IT
yields half as large errors (rmse, mae) as Variant I, and that the average velocity of a
group of vehicles is burdened with a smaller error than the errors of velocity values
for individual vehicles.

In calculations also the cases of AS = - 0.5 (a dark vehicle) were considered. Their
results were similar to those presented in Table 1.

Taking into consideration the fact that the calculations are made for the sequence
of 10 images, which corresponds to the time of registration t = 0.4s, it can be con-
cluded that the method concerns the instantaneous value of velocity.

Acknowledgements. This work is supported by the Polish Ministry of Science and
Higher Education (Grant No. N509 399136 ,,Estimation of the vehicles' motion trajec-
tories using the Bayesian analysis and digital image processing algorithms®).

References

1. Lucas, B.D., Kanade, T.: An iterative image registration technique with an application to
stereo vision. In: Proceeding of Imaging Understanding Workshop, pp. 121-130 (1981)

2. Krzysko, M.: Statystyka matematyczna. Cz.Il. UAM, Poznan (1997)

3. Purczynski, J.: Algorithms for differentiation of signals with random noise. In: Computer
Applications in Electrical Engineering, Poznan, pp. 21-31 (2009)



	Estimation of the Mean Velocity of a Group of Vehicles in Strong Random Noise Conditions
	Introduction
	Estimation of a Single Vehicle Velocity
	Estimation of Vehicle Group Velocity
	Conclusions
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /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 false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /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 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /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 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /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 /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice




