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ABSTRACT

This paper proposes a tracking method of soccer Þeld area in a soc-
cer video captured from TV. The camera taking the soccer game
video is controlled by three parameters: its mount position, the
angle, and the magniÞcation. In order to estimate these three pa-
rameters, the proposed method designs a wire frame model, which
represents the ofÞcial layout of the soccer Þeld lines; and by the
wire frame model matching with the Þeld area in the video, the
above three parameters can be estimated, even if the soccer video
includes the camera panning, zooming, etc. By using the estimated
parameters, we can accurately obtain where the Þeld area corre-
sponds in the actual soccer Þeld. Some experiments in tracking
the Þeld area in actual soccer videos are performed and their re-
sults verify the high performance of the proposed method.

1. INTRODUCTION

The needs for analysis of Þeld sports video are increasing. The
main purpose is to understand the games or the tactics. Espe-
cially, in order to analyze the soccer games, several methods have
been proposed [1]-[5]. In these methods, the soccer players can be
tracked in images taken by a camera, such as TV images. How-
ever, for the analysis of tactics, players� positions not only in the
image but also in the soccer Þeld are necessary. In order to obtain
the players� positions in the soccer Þeld from these in the image,
we must obtain where the Þeld area in the images corresponds to
in the soccer Þeld.

Therefore, we propose a tracking method of the Þeld area in a
soccer video captured from TV. The camera taking the soccer game
video is controlled by three parameters: its mount position, the
angle, and the magniÞcation. In order to estimate there parameters,
the proposed method utilizes a wire frame model, which represents
the ofÞcial layout of the soccer Þeld lines; and by the wire frame
model matching with the Þeld area in the video, the above three
parameters can be estimated, even if the soccer video includes the
camera panning, zooming, etc. By using the estimated parameters,
we can accurately obtain where the Þeld area corresponds in the
soccer Þeld.

This paper is organized as follows. In Section 2, the perspec-
tive transformation utilized in our method is summarized. A track-
ing method of a Þeld area with a wire frame model is proposed in
Section 3. Finally, Section 4 shows some experimental results to
verify the effectiveness of the proposed method.
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Fig. 1. Coordinate systems: objects in the world coordinates are
transformed to screen coordinates by the camera.

2. PERSPECTIVE TRANSFORMATION

In this section, the perspective transformation utilized in our method
is summarized. This transformation is one of the projective trans-
formations. In order to implement the perspective transforma-
tion, the world coordinates (x, y, z) and the screen coordinates
(X, Y ) are deÞned as shown in Fig.1. If the camera is set up at
Pv(xv, yv, zv) and its lens is pointed at Pg(xg, yg, 0), a transfor-
mation from the world coordinates (x, y, z) to the screen coordi-
nates (X, Y ) is given by the following equations.

X = −f
x1

z1
, Y = −f

y1

z1
, (1)[

x1

y1

z1

]
=

[ − sin θ cos θ 0
− sin φ cos θ − sin φ sin θ cos φ
cos φ cos θ cos φ sin θ sin φ

][
x − xv

y − yv

z − zv

]
,

(2)

where xv , yv and zv represent the coordinates of the camera posi-
tion. The parameter f represents the magniÞcation of the camera;
θ and φ are deÞned as follows:

θ = tan−1

(
yv − yg

xv − xg

)
, (3)

φ = tan−1

(
zv − zg√

(xv − xg)2 + (yv − yg)2

)
, (4)

where the parameters xg and yg control the camera angle. This
transformation projects the world coordinates to the screen coor-
dinates. The parameters xv , yv , zv , f , xg, and yg are called the
camera parameters hereafter.
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Fig. 2. Processes of our method: (a) A frame of a soccer video; (b) Extracted Þeld lines from (a); (c) The wire frame model which
transformed by using the optimal camera parameters; and (d) The Þeld area obtained by the optimal camera parameters.

3. PROPOSED METHOD

The proposed method consists of the following three processes.

i) Process1 extracts the Þeld lines from a soccer video.

ii) Process2 deÞnes a wire frame model of the Þeld lines which
represents the ofÞcial layout of the soccer Þeld lines.

iii) Process3 tracks where the Þeld area corresponds in the soc-
cer Þeld by utilizing the Þeld lines and the wire frame model.

Each processes are explained in the following subsections.

3.1. Process1: Extraction of the Þeld lines

The Þeld lines are roughly extracted from a soccer video by using
the colors of the Þeld and the Þeld line as follows:

1. Extract green colored pixels by using their hue range 2
5
π<

H<π, which correspond to the Þeld area candidates, where
H represents the hue in the HSV color space. The val-
ues 2

5
π and π are 5Y (yellow) and 5BG (blue green) in the

Munsell color system, respectively.

2. Extract the largest Þeld area candidate, which corresponds
to the Þeld area, because the Þeld area occupies a large
space in a soccer video.

3. Extract white colored pixels included in the extracted Þeld
area by using their intensity range I >ThI , which corre-
spond to the Þeld lines, where I represents the intensity and
ThI is a predeÞned threshold.

A line-extraction result by the above procedures is shown in Fig.
2(b). Though the result includes not only the Þeld lines but also
other objects, such as the soccer ball, the players, etc; in our method
explained later, the objects are not bad inßuences on the Þeld-
tracking accuracy.

3.2. Process2: DeÞnition of the wire frame model

Our method designs a wire frame model based on the ofÞcial lay-
out of the soccer Þeld lines. According to FIFA (Fédération Inter-
nationale de Football Association) regulations, the soccer Þeld for
the international matches should be 105 × 68 meters as shown in
Fig. 3. Thus the model is deÞned as the same size as Fig. 3. By
utilizing the wire frame model, the Þeld lines taken by a camera
from several angles, can be represented as shown in Fig. 4.
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Fig. 3. The soccer Þeld measurements regulated by FIFA: the size
for the international matches should be 105 × 68 meters.

Fig. 4. Some examples of the Þeld lines taken by a camera from
several angles: the wire frame model can represent all Þeld lines
by applying the perspective transformation.

3.3. Process3: Tracking of the Þeld area

The Þeld area is tracked by utilizing the camera parameters. The
optimal camera parameters are obtained by searching. The ranges
of the possible camera parameters are as follows:

i) The camera position (xv, yv, zv) is

xv=0 [m], yv∈[−50,−150] [m], and zv∈[10, 30] [m];
(5)

because the camera taking the soccer game video is set up
at the center of the auditorium.

ii) The camera angle (xg, yg, 0) is

xg ∈ [−52.5, 52.5] [m] and yg ∈ [−34, 34] [m]; (6)

because the camera takes only inside of the Þeld.
iii) The camera magniÞcation f is

fmin < f < fmax, (7)

where fmin and fmax represent the lowest magniÞcation
and the highest magniÞcation, which can be obtained by the
distance between the camera position and the soccer Þeld.
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If only one frame of the soccer video is given, we have to search the
above ranges for the optimal camera parameters. However, after
obtaining the optimal parameters in the frame, we do not need to
exhaustively search the ranges in the frames after it; consequently
we can obtain the camera parameters as follows:
i)′ The parameters yv and zv are the same ones obtained in the

previous frame. Therefore, we can obtain the optimal yv

and zv without searching.
ii)′and iii)′ The parameters xg , yg , and f can be obtained by

searching the following ranges.

|xg − x
framet−1
g | < εxg , (8)

|yg − y
framet−1
g | < εyg , (9)

|f − fframet−1 | < εf , (10)

where x
framet−1
g , y

framet−1
g , and fframet−1 denote the

optimal values of xg , yg , and zg in the previous frame, re-
spectively; and εxg , εyg , and εf are predeÞned thresholds;
because the time interval between the current frame and the
previous one is too short for the camera to be operated.

By using i)′, ii)′, and iii)′, we can reduce the computational
costs for searching. The camera parameters are determined by
matching the transformed wire frame model by the camera param-
eters in the ranges described above to the Þeld lines in the soccer
video. In order to evaluate how much the wire frame model Þts to
the Þeld lines, we deÞne a Þtness criterion as follows: the Þtness
criterion is calculated as follows:

Fitness =

wI∑
i=1

hI∑
j=1

f(i, j), (11)

f(i, j) =




1 if Imodel(i, j) > 0

and
D∑

m=−D

D∑
n=−D

Iline(i + m, j + n) > 0

0 otherwise

,

(12)

where Iline is the binary image obtained by Process1; Imodel is
also the binary image obtained by Process2; wI and hI are the
width of Iline and the height of Iline, respectively; and D is a
predeÞned parameter. In order to obtain the optimal camera pa-
rameters, which present the highest Þtness value, we compute the
Þtness values by using the all possible camera parameters yv , zv ,
f , xg , and yg in the ranges explained before with the quantization
steps δyv ,δzv , δf ,δxg , and δyg , respectively. By this searching, we
can obtain the optimal camera parameters. A wire frame model,
which transformed by the optimal camera parameters, is shown in
Fig. 2(c).

By using the optimal camera parameters, we can obtain the
correspondence between the Þeld area on the ofÞcial layout soccer
Þeld and the Þeld area in the soccer video. In order to avoid readers
confusion, we call the former Þeld area the actual Þeld area and the
latter Þeld area the Þlmed Þeld area hereafter. From Eqs. (1) and
(2) with z = 0, the relationship between the pixel at (x, y) in the
actual Þeld area and the pixel at (X, Y ) in the Þlmed Þeld area is
described below.[

x
y

]
=

[ − sin θ cos θ 0
sin φ cos θ − sin φ sin θ cos φ

][
x1

y1

z1

]
+

[
xv

yv

]
, (13)

[
x1

y1

z1

]
=

[
cos φ cos θ − cos φ sin θ − sin φ

f 0 X
0 f Y

]−1 [
−zv

0
0

]
. (14)

By executing the processes described above in each frame, we can
track the actual Þeld area from the soccer video, and an example is
shown in Fig. 2(d).

4. EXPERIMENTAL RESULTS

The effectiveness of the proposed method is conÞrmed by some
experiments. For the experiments, the soccer videos are captured
at 10 fps from TV. The size of the captured images are 320 × 240
pixels. In the experiments, ThI=0.65, D=3, fmin=1500, fmax=
3000, δyv=1[m], δzv=1[m], δxg=0.25[m], δyg=0.5[m], δf=10,
εxg=5[m], εyg=5[m], and εf=100.

The proposed method is applied to the soccer video of 10
minute length. A part of the result is shown in Fig. 5. As shown
in Fig. 5 (i) and (ii), the wire frame model is successfully matched
to the lines in the soccer video by searching, and thus the camera
parameters are accurately estimated by the proposed method. As
shown in Fig. 5 (iii), we can verify that the Þeld areas are correctly
tracked by the proposed method, even if the camera are (a)panning
or (b)zooming.

5. CONCLUSIONS

This paper has proposed a tracking method of the Þeld area in a
soccer video captured from TV. In the proposed method, the Þeld
area is tracked by matching the wire frame model to the Þeld lines
in the soccer video. The effectiveness of the proposed method has
been conÞrmed by the experiments with the soccer videos captured
from TV, which include the camera panning and zooming.
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Fig. 5. Results of the Þeld area tracking: (a) A scene taken by the panning camera; (b) A scene taken by the zooming camera; (i) The Þlmed
Þeld areas; (ii) The transformed wire frame models; and (iii) The actual Þeld areas obtained by the proposed method.
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