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Abstract

In this paper� we propose a method for locating �D

position of a soccer ball from monocular image se�

quence of soccer games� Toward this goal� we adopted

ground�model�to�image transformation together with

physics�based approach that a ball follows the parabolic

trajectory in the air� By using the transformation the

heights of a ball can be easily calculated using simple

triangular geometric relations given the start and the

end position of the ball on the ground� Here the heights

of a ball are determined in terms of a player�s height�

Even if the end position of a ball is not given on the

ground due to kicking or heading of a falling ball before

it touches the ground� the most probable trajectory can

be determined by searching based on the physical fact

that the ball follows a parabolic trajectory in the air�

We have tested and experimented with a real image

sequence the results of which seem promising�

� Introduction
Recently� computer vision techniques have been

widely applied to sports games for automatic extrac�
tion and analysis of various information� Intille and
Bobick��� track players using the concept of closed�
world in scenes of American football games� They in�
corporated contextual knowledge such as the number
and the type of objects on the ground into low�level
tracking� Kawashima and Yoshino��� proposed a qual�
itative analysis method of group behavior� They ex�
tract a hierarchical representation of the group struc�
ture in the sequence� Reid and Zisserman�	� investi�
gated the problem of accurate metrology from uncali�
brated video sequences� showing that an accurate po�
sition of a goal�bounded soccer ball could be obtained
by constructing overhead views using two video se�
quences captured from di
erent view�points� For the
high�level description system� there are SOCCER����
REPLAI��� which automatically generate natural lan�
guage descriptions of the analyzed image sequence�
These systems translate visual information obtained
from vision systems into verbal information�

In this paper� we present a method of determining
	�dimensional position of a soccer ball from monocu�
lar image sequences of soccer games� which is a part
of automatic analysis of soccer games� A ball 
ying
in the air plays an important role in a soccer game
analysis because of its in
uence on the players� be�
havior� The knowledge of the height and the direction
of the ball is useful for determining whether the ball
is possessed or is being passed by a player� and for
predicting who will have the ball� The 	�dimensional
information of a soccer ball position may be obtained
from binocular image pairs� In this case� however�
additional hardware and stereo camera calibration is
needed to analyze the images� Our approach is based
on the analysis of a monocular TV image sequence�
thus eliminating the need for any special setup� Our
observation is that there exists a simple triangular ge�
ometric relations between the heights of the ball and a
player� In section �� it is shown that the height of a ball
from the ground can be easily calculated using the tri�
angular relations given the start and the end positions
of the ball on the ground when transforming image se�
quence into the ground model� Here the heights of a
ball are determined in terms of a player�s height� In
section 	� it deals with the case when the end position
of a ball is not given on the ground due to kicking or
heading of a falling ball before it touches the ground�
It is shown that even in this case the most probable
trajectory can be determined by searching based on
the physical fact that the ball follows a parabolic tra�
jectory in the air� We have tested and experimented
with a real image sequence the results of which are
shown in section ��

� Finding the height of the ball

��� General description

Figure � shows a situation on the ground model of
a soccer game� A ball is 
ying on a trajectory from a
starting point S to an ending point E through a point
H � We assume that the ball trajectory is con�ned in a
plane� which means the line on the ground connecting



Figure �� Ball Trajectory� shadow trajectory and a
reference player

the points S and E is a straight line and the plane
formed by the line and the ball trajectory�S�H�E�
is perpendicular to the ground� The shadow trajec�
tory denotes a trajectory of the ball projected by cam�
era� which can be seen in images� From the geometry
shown in the �gure� the following triangular geometric
relations can be established between the height of the
ball�GH� and the height of the reference player�BC�
as given by
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EliminatingDL from equations ��� and ���� the ball
height is given by

GH �
FG

FD

AD
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BC �	�

From the equation �	�� it can be noticed that the
ball height �GH� is given in terms of the height of a
player �BC�� which we call the reference player� If
a goal post is visible in a frame� the accurate height
information of the goal post can also be used instead
of the inaccurate height of the reference player� In or�
der to compute the ball height� the ground�projected
camera positionD should be determined together with
the position of points F � A and B� which represent the
projected ball position� projected head and foot posi�
tion of the reference player� respectively� Once D is
determined� projected ball position G on the ground
can be easily determined by intersecting SE and FD�
Note that these positions should be given in the coor�
dinate of ground model� which can be obtained from
each frame by transforming images to ground model�

�st frame

��th frame

��th frame

�	�th frame

���th frame

Figure �� Exemplary frames of soccer sequence

��� Transformation of the image sequence

Figure � shows several frames of a soccer sequence�
The image�to�model transformation is obtained by a
simple four�point homographic planar transformation�
We selected as feature points four points �three points
on the center circle� one on the side line� from the
ground model as indicated in Figure 	� If the cen�
ter circle is visible in the image� we can easily deter�
mine the 	 � 	 homographic transformation matrix�
An example of transformed image is shown in Fig�
ure �� Note that the center circle in the image looks
circular� In order to transform every frame to ground
model whether the center circle is visible or not� mo�
saicking technique is applied������������ Figure � shows
a mosaic image from a total of ��� frames given in
Figure �� Note that the trajectory of the 
ying ball



Figure 	� Ground model with four feature points in�
dicated as black dots�B�C are tangential points from
A to the center circle�

Figure �� An example of transformed image ��st
frame�

is also shown as black dots in Figure �� which is ob�
tained from each image in the sequence by tracking
the ball� This trajectory corresponds to the shadow
trajectory �S �H �E� in Figure �� By transforming
the mosaic image the shadow trajectory is determined
on the ground model as shown in Figure ��

��� Calculation of ball height

In order to calculate the ball height� the ground�
projected camera position D should be determined
�rst� Suppose two objects which are perpendicular to
the ground and have nearly same depth from camera�
They must look parallel in an image� If we �nd this
kind of two parallel lines in an image and transform
them to ground model� they must intersect at the po�
sition D� For example� lines FG and AB in Figure �
look parallel in an image� We choose a player as an
object perpendicular to the ground and draw a line
manually that seems perpendicular to ground� An�

Figure �� Mosaic image of ��� frames � Trajectory of
a 
ying ball is shown in dots��Beginning at the ��th
frame and ending at the ��	th frame�

Figure �� The shadow trajectory on the ground model

other line is obtained by drawing a parallel line passing
through the ball as shown in Figure �� Transformation
of these two lines to ground model is also shown in the
Figure �� The position D is determined by the inter�
section of these two transformed lines� Although we
have used a player as an object perpendicular to the
ground� which may cause some inaccuracy� a goal post
is a much better candidate for it if it is visible in an
image� As mentioned earlier� the line SE denotes the
ball path vertically projected on the ground� At each
frame� the point G is determined by the intersection
of lines FD and SE �which enables calculation of the
length of FG� Now that all the terms in equation 	
are prepared� the ball height can be calculated�

� Physics�based ball direction search

In the above derivation� it is assumed that both
the starting and the ending points are on the ground�
However� it is not always the case� If a player kicks the
ball before it reaches the ground� ground line would
have di
erent direction� In this section we describe a
physics�based searching algorithm for �nding the di�
rection of the ball when the end position is not avail�
able on the ground� It is reasonable to assume that



�a�Two parallel vertical lines

�b�Transformed vertical lines

Figure �� The ground�projected camera position D is
produced by the intersection points of two transformed
vertical lines in �b�

unless the ball has a lot of spin or there is a strong
wind� a 
ying ball approximately follows the motion
of a freely falling body� thus moves along a parabolic
trajectory in a vertical plane that passes through a
direction line� Based on this physical fact� it is possi�
ble to �nd out the correct trajectory that best gives a
parabolic curve� In order to �nd out the best parabolic
curve� it is necessary to back�project the shadow ball
trajectory on the vertical plane in every direction pos�
sible� Several direction lines are indicated in Figure ��
which are intersecting lines of vertical planes with the
ground� The ball trajectories on the several vertical
planes are illustrated in Figure ��

In Figure �� points P �� P ��� P ��� represent back�
projected points of a point F on the vertical planes
E�� E��� E��� � respectively� In this way back�projecting
the points of the shadow trajectory will make new ball
trajectories on the resulting vertical planes� We refer
to these new ball trajectories as virtual ball trajec�

tories and their new direction lines as virtual direc�

tion lines� Once given virtual ball trajectories on the
planes� the next step is to search one with the best
parabolic curves� which is the one with minimum er�

Figure �� Several searching direction lines

Figure �� vertical planes and a back�projected ball
trajectory on the planes

ror when the back�projected trajectories are �tted to
parabolic curve� This procedure is explained in detail
in the following� Let Tj be a set of back�projected

points pji � �xji � z
j
i �� where j denotes the searching in�

dex� i denotes the frame number� xji is the projected

ball position on the j�th virtual direction line and z
j
i

is the height computed using equation 	 along xji � Tj
is �tted to the parabolic curve z � ax� � bx� c� The
parameter �a� b� c� is computed using the least mean
square method�

�
����

�xj
�
�� x

j
�

�

�xj
�
�� x

j
�

�
���

���

�xjN �
� x

j
N �

�
���� or X

j
A � Z

j ���

where N is the total number of frames or number of
data points� Using pseudo�inverse� A is given by

A � ��Xj�TXj����Xj�TZ ���

The �tting error of Tj is evaluated as RMS of the



Figure ��� Search around the start position S

di
erences between �tted curve points and real data
points�
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T

The direction we want to �nd is the one with mini�
mum Ej � It is interesting to note that the end position
on the ground can be predicted by computing the in�
tersecting point of the parabola z � ax�� bx� c with
z � ��

� Experimental results

As an experiment we tested the proposed algorithm
with a real soccer image sequence shown in Figure ��
The ball in this sequence begins 
ying at the ��th
frame� The end position of this ball is not on the
ground because a player kicks the ball before it reaches
the ground� A reference player is marked with a rect�
angle from ��th frame in Figure �� For the trajectory
of the ball shown in Figure � we �nd a correct di�
rection of the ball and a predicted end position using
physics�based search� Several direction lines passing
through the line at x � �� are shown in Figure ���
Figure �� shows the resulting �tting errors plotted
along the y direction at x � ��� The minimum oc�
curs at point y � �	�� The searched direction line SE
and predicted end position E are shown in Figure ���
Calculated heights of the ball are shown in Figure �	
with the reference player�s height set to ���m� The
maximum height of the ball calculated is about ��	m�

Figure ��� Fitting errors along y direction at x � ��

� Conclusions
In this work we propose a method for measuring

	�dimensional position of a 
ying soccer ball from a
monocular image sequence� Given a ground model
and an object perpendicular to the ground� we show
that the height of the soccer ball from ground can be
calculated in terms of the height of a reference player
using simple triangular geometric relations� In this
case both the start and the end position of a ball tra�
jectory should be located on the ground� If this is not
the case due to kicking or heading the ball before it
touches the ground� a physics�based search is applied
to estimate the ball�s ground hitting position� Instead
of a player a goal post can be used to get more accu�
rate results if it is visible in the image sequence� In
further study� will be carried out error analysis and
extension to spinning ball which is not con�ned in a
vertical plane� Note that the method we propose in
this paper can be applied to the measurement of 	�
dimensional position of any objects 
ying in a trajec�
tory ruled by a physical law� given ground model and
an object perpendicular to the ground�

References
��� S� S� Intille and A�F� Bobick� �Tracking using a lo�

cal closed�world assumption� Tracking in the foot�
ball domain�� MIT Media Lab Perceptual Comput�

ing Group Tech� Report No� 
�	� August �����

��� T� Kawashima� K� Yoshino and Y� Aok� �Qualita�
tive image analysis of group behavior�� In Proc�

Computer Vision and Pattern Recognition� pp�
������	� June �����

�	� Ian Reid and Andrew Zisserman� �Goal�directed
Video Metrology�� In Proc� European Conf� on

Computer Vision� �����



�a�

�b�

Figure ��� The computed direction line SE and the
end position E� � �a� on the ground model� �b� on the
mosaic image�

��� E� Andre� G� Gerzog and T� Rist� �On the Simul�
taneous Interpretation of Real World Image Se�
quences and Their Natural Language Descriptions�
the system SOCCER�� In Proc� European Conf�

AI� pp� �������� August �����

��� G� Retz�Schmidt� �Recognizing Intentions in the
Domain of Soccer Games�� In Proc� European

Conf� AI� pp� �������� August �����

��� M� Irani� D� Anandan and S� Hsu� �Mosaic Based
Representation of Video Sequences and Their Ap�
plications�� In Proc� of International Conference

on Computer Vision� pp� �������� �����

��� H� Sawhney� S�Ayer and M� Gorkani� �Model�
based �D�	D Dominant Motion Estimation for
Mosaicking and Video Representation�� In Proc�

of International Conference on Computer Vision�
�����

��� R� Szeliski and S� B� Kang� �Direct Methods for
Visual Scene Reconstruction�� In Workshop on

Representations of Visual Scenes� �����

Figure �	� A computed ball trajectory with the
parabolic curve �tted in ����

View publication statsView publication stats

https://www.researchgate.net/publication/3766301


<<
  /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




