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Abstract— A system is described for dynamic video acquisition
of football match. The system uses 2 cameras, a static and a
dynamic camera. The raw frames from the static camera are
processed to track player position in the field. The tracking data
is then used to control a Pan Tilt Zoom (PTZ) Camera that
focuses on the area of maximum player density. Other than this
the players are also classified into their respective teams, 2D
representation of player with respect to field, offside line
detection is also done using the static camera frames. Use of
multiple static cameras is also discussed in the paper.
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L.

Recent developments in the field of computer vision have
led to a more scientific approach to use of technology in sports.
In this paper, an automatic cameraman for video acquisition is
described. Previous work on the topic of dynamic tracking
([11,[2],[3]and[4]) includes tracking a  single target and
focussing the camera to the middle of the target. [S] proposed

INTRODUCTION

PTZ Camera

Static Camera Field of View I:l
PTZ Field of View )

Figure 1: Position of static camera in the dataset
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an automatic lecture recording system using a PTZ Camera. [6]
used a dynamic-static camera pair to generate the trajectory of
tennis players.

[7] used a system of 8 static cameras to track the positions
of football players during a match using single camera
processing followed by merging of data from all static cameras
to estimate the player positions. Similarly [8], also uses
multiple static cameras and then merges the tracking data from
the individual cameras using homography to track the players.
[9] showed the trajectories of players using a predictive filter.
All these works discuss about the tracking of players using
static cameras but do not use the data obtained from the static
camera(s) to dynamically track the players using dynamic
camera(s).

We propose a model in which we use 2 cameras, a static
(fixed) camera and a dynamic (PTZ) camera. We track the
players using the static camera and then use the dynamic
camera to automatically capture the video of a specific region
on the field using data produced by the static camera. Apart
from being used in football, our system can also be used for
video surveillance applications.

IL.

The system includes a static camera, a dynamic
camera and a computer for processing. The static camera
is placed at a bird-eye view outside the field (as shown in
Figure 1) and the dynamic camera is also placed along with
the static camera. When the static camera starts video
acquisition, the algorithm processes the frame for detection
and tracking of players. The tracking data is then used to
control a PTZ Camera which records a specific region
based on the player tracking information.

The PTZ control is based on the association of 2D areas
designated by the user on the static camera image to a
specific PTZ position also set by the user. The region which
has the most number of players is selected and the
corresponding PTZ position is sent to the PTZ camera, which
focuses onto that particular area.

PROPOSED METHOD

I1I.

The video processing method contains multiple steps
shown in Figure 2 and detailed in this part.

VIDEO STREAM PROCESSING
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Figure 2: Flowchart of video stream processing

Top View
Representation

A. Frame Acquisition

The first step of the algorithm is capturing of frames from
the static camera. Figure 3 shows a sample input frame.

Figure 3: Frame Acquisition: Sample Video frame (Static
camera).

B. Foreground Segmentation

The first step of the algorithm is separation of
foreground objects from the background. An adaptive
Gaussian based background model is used as discussed in
[10]. Each pixel in the frame is modeled by a mixture of K
Gaussian distributions. We define the pixel process of a
pixel X as the history of its value from frame 1 to frame t.
This is represented by Equation 1.

X1, X, o X3} ={I(x0,50,0):1 <i <t} (1)

where the probability of observing a X at frame t is
given by Equation 2.

K
POG) = D Wty (KXot Bi0) @
i=1

where —
K is the number of Gaussians.
wt; , is an estimate of the weight.

i, 1s the covariance matrix of the i"* Gaussian in

143

the mixture a time t.
and 7 is the Gaussian Probability Density function.

If X; < 2.5 standard deviations from the mean, then the
pixel is labeled as matched and is part of the background.
Weight of matched Gaussians is increased and unmatched
Gaussians is decreased. If all the Gaussians in the mixture for
pixel X, are unmatched, the pixel is marked as foreground
pixel and the least probable Gaussian is replaced by a new
Gaussian.

The algorithm learns of the background in the first few
frames of the video and there is no need to prepare the
background mask before the match. Figure 4 shows binary
mask after background subtraction.

Figure 4: Foreground Segmentation: Foreground binary image
after background subtraction.

C. Filtering

The foreground image contains small ball-like objects and
unconnected blobs. Filtering is done using morphological
operations to remove noise from the foreground image.

An eight point square neighborhood is used to identify an
individual player as one region. Then, the binary image is
successively closed and opened to obtain an image showing
only the main objects in the scene. The closing and opening of
the binary image is done by equations 3 and 4.

A B=(A®B)OB 3)
A°B=(AOB)®B “4)

where A is the Binary image and B is the Structural
Element[11].

Figure 5: Filtering: Foreground binary image after filtering.

D. Player Detection
After filtering, we obtain a binary image that contains
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the objects of interest i.e. players. On the binary image,
Canny edge detector [12] is used to find the edge pixels that
separate different segments in an image. But it fails to give
any information from the edges as an object. Next step is to
collect edges pixels into contours. We apply a contour
extraction algorithm based on [13] to the binary image using
an OpenCV [14] implementation. This generates a collection
of external contours. Contours are represented in OpenCV by
sequences in which every entry in the sequence encodes
information about the location of the next point on the
curve. Figure 6 represents the segmented player contours.
Each individual player is represented by a contour, whereby
the edge pixel co-ordinates of each player are used to
represent the shape of the player.

Figure 6: Player Detection: Playersare represented as
contours in the image

Figure 7 shows the contour of an individual player.

Figure 7: Contour of a single player

E. Player Tracking

The contours obtained above are further processed to get
the centroid and bounding box for each player. These 2
parameters are used to track the players throughout the game-

play.

The aim of player tracking is to be able to track player
positions during occlusion correctly. We calculate the area of
each player contour and the mean of all the areas for a frame

and if —
Areaplayeri > Th * Areapeqn %)
where —
Areapiqyer, is the area of the i" player.
Th is the threshold.

and Areayeqy 1 the mean of all player areas.
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is TRUE, then we consider the area to have multiple players in
the same contour. Figure 8 shows the trajectories of tracked
players.

Figure 8: Player Tracking: Player trajectories are represented
in the image.

F. Action Detection and PTZ Control

The first step of action tracking and PTZ control is
marking of regions on the static camera and dynamic camera.
Regions are linearly mapped from static camera to dynamic
camera. The user interactively sets regions on the static
camera image to particular values of Pan, Tilt and Zoom of the
PTZ camera. These regions could be defined before running
the algorithm or changed while the algorithm is running.

The second step after marking the regions is to move the
PTZ camera to the region selected by the algorithm. The
algorithm calculates the number of players in each
region using the contour centroid values and selects the
regions that has most number of player. The PTZ camera
then focuses onto that region by changing to the Pan, tilt and
zoom value corresponding to that particular region.

G. Team Classification

There will be a maximum of 5 different kits (uniforms i.e.
jersey plus shorts) on the pitch, 2 team kits, 2 goalkeeper kits
and the referees kit. [15] used a model to learn the 5 kit colors
before the game. For each player iteratively pixel matching is
done with the 5 kit colors and player is assigned to the kit with
the highest number of votes. [7] used histograms to represent
the five colors.

Figure 9: Player Classification: Red and Blue Bounding Boxes
represent the 2 teams

In our implementation, we calculate the 3 point vector
mean of player area pixel values and then cluster these values
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with the help of K-Means clustering [16]. Figure 9 shows the
result of our approach where the players of 2 teams are
represented by different color bounding boxes.

H. Top View Representation

The objective is to find the external parameter i.e.
position co-ordinates relatively to a world co-ordinate
system. One of the most used techniques is the one proposed
by Tsai Algorithm [17]. Its implementation needs
corresponding 3D point co-ordinates and 2D pixels in the
image. It uses a two-stage technique to first the external
parameters and then the internal parameters. [18] and [19]
proposed methods just needs to recover the parameters
relative to the position and orientation of the camera.

Since in our application, we only want transformation
from one 2D plane to another, we use a perspective
transformation [20]. This approach only needs four point (set
by the user) in the image plane for the transformation.

XwW a b c X
Yw|= [d e fl*[y] (6)
w g h il 11

where-
XW and YW are the world co-ordinates.
x and y are image co-ordinates.
a,b,c,d, e f,g, hand irepresent the transfer matrix
parameters.
and W = gx + hy + 1
The transfer matrix is calculated as under —

¥y 1 0 0 0 —=Xix —Xiyi1|paq [X1]
0 0 0 x4 y4 1 =Yix; =Yiyi|ib Y;
X ¥y 1 0 0 0 —Xyx, —Xoy,llc X,
0 0 0 x; y, 1 —Yox, —-Yoy,l|d _ Y, (7)
x3 y3 1 0 0 0 —Xzx3 —Xzyslle X3
0 0 0 x3 y3 1 —Ysxg —Yayslff Y3
Xg Yo 1 0 0 0 —Xyxg —Xyyu|(9 X4
L0 0 0 x, y, 0 =—Yux, =Yy, lthd LY,]
where-

Xy and Yy, (1 <k <4) are the 4 world co-ordinates.
x; and y,(1 <k <4) are the 4 image co-ordinates.

Figure 10 shows the result of perspective transformation and
the 2D top view.

(a) Transformed Image
Figure 10: Transformed Image and 2D top view

(b) 2D Top View

1L Offside Line

Offside is a defensive tactic that is used by the defensive
team to prevent the attacking team from scoring.

In our implementation, we draw 2 offside lines, one for
each team. This is done by:
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First, calculating the mean x co-ordinate of both the
teams, minimum and maximum player x co-ordinate
of both the teams.

Based on the value of means, we select one line that
is the minimum player x co-ordinate of one team and
the maximum player co-ordinate of the other team
and vice-versa.

(a) Field View
Figure 11: Offside Lines

(b) Offside View

J. Image Stitching

Image Stitching is the process of stitching or combining
images taken from different reference points to produce a new
image called panoramic image. Since a single camera is not
enough to cover the whole field we use multiple cameras to
capture the image of the entire field. An OpenCV
implementation has been used.

The image stitching process is divided into 3 main
components:

1) Image Registration

The first step is extracting features from image and then

matching images based on these features. Image rotations

are also calculated. For the following image:

Features in Image 12a: 295
Features in Image 12b: 564
Features in Image 12c: 619
Features in Image 12d: 335

2) Calibration
In this camera matrix and distortion matrix are
calculated and wave correction is done.

Initial intrinsic parameters 12a:
=[570.75, 0, 320, 0, 570.75, 240, 0, 0, 1]
Initial intrinsic parameters 12b:
=[570.75, 0, 320, 0, 570.75, 240, 0, 0, 1]
Initial intrinsic parameters 12c:
=[570.75, 0, 320, 0, 570.75, 240, 0, 0, 1]
Initial intrinsic parameters 12d:
=[570.75, 0, 320; 0, 570.75, 240, 0, 0, 1]
Camera 12a:
=1[697.18, 0, 320; 0, 697.18, 240, 0, 0, 1]
Camera 12b:
=[684.19, 0, 320; 0, 684.19, 240, 0, 0, 1]
Camera 12c:
=[666.87, 0, 320; 0, 666.87, 240, 0, 0, 1]
Camera 12d:
=[648.90, 0, 320; 0, 648.90, 240; 0, 0, 1]
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Figure 12: Images from 4 different reference frames ©
3) Blending Figure 14: Background Subtraction: The figures show results

of the background subtraction algorithm (The ball and the

In this wave correction, warping and exposure ..
TPIng P players are clearly visible)

compensation is done. Figure 13 shows the stitched image

btained fi 12a, 12b, 12¢ and 12d.
ovtamed from 12a, 15, 12¢ a Figure 15 shows the result of player classification into 2

clusters. Each data point represents a 3 point vector mean of
player contour pixel values. The 2 clusters can be
distinguished easily and the classification has a very high
accuracy. Once the background mask is prepared in the first
few frames, there is no false detection.
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Figure 13:

IV. EXPERIMENTATION AND RESULTS

To evaluate the performance of the proposed video tracking
algorithm, experiments were carried out on video sequences
from the CNR soccer dataset [21].The video sequences were
of duration 1 minute and 59 seconds shot at a frame rate of 25
frames per second.

For foreground segmentation, we represent each pixel value
by a pair of 3 Gaussians and the last 100 frames are used as
‘Pixel Process’. 3 Gaussians are adequate to represent a pixel
as there are not many variations on the field and the
background is indeed uni-modular. The Background
Subtraction algorithm is robust to

e Gradual illumination changes and changing weather
conditions.

e Slow moving player or even stationary players for a
few frames. (c) 2D View - y = Red; x = Blue (d) 2D View - y = Red; x = Green

o 100 150 200 0
Blue

(a) 3D View - y = Green; x=Red; z  (b) 2D View - y = Green; x = Blue
= Blue

°

i e

a
Red

°

%0 o 50 150 20 0
@

e Figure 14 shows the results of the background
subtraction algorithm. Here, the player and the ball
are clearly separable and distinct.

Figure 15: shows the result of player classification into 2
clusters.
Figure 16 shows the result of region marked in black as
possible occlusion regions.
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(2)
Figure 16: Occlusions: The figures show the detected

occlusions (Black rectangular boxes)

(h)

V.

We proposed a method and setup to automatically track
action in a football match using a static camera for real-time
player tracking and a PTZ camera for video acquisition. The
PTZ control is based on user-defined areas and associated PTZ
camera position so it can be easily adapted to other sports.

The player tracking method is based on an adaptive
Gaussian-based approach for foreground segmentation,
followed by filtering and contour detection. Our algorithm
also performs occlusion detection and player classification
into teams.

Our approach allows fast and easy system setup since it
doesn’t need calibration. Moreover its real-time performances
make it suitable for broadcasting applications. In future
developments, other useful information (player number and
name, achieved goals, ball position and trajectory) can be
extracted using either the static or dynamic camera images.

CONCLUSION
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