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ABSTRACT

Object detection and tracking its movement is an important
aspect in today’s sports broadcasting industry. It helps in post-
match analysis, studying previous matches to find drawbacks
in one’s technique and also helps in discussion and debate.
Detecting a moving object is a cumbersome technique as it
involves a very complex human movement as well. In this
paper, movement of tennis ball is detected, tracked and its a-
priori path has been studied to predict the posteriori
movement. The detection of the tennis ball is performed using
Matlab. Tracking and path prediction is performed using
Kalman filter. This filter works on an algorithm having two
stages: prediction and updating. The ball detection accuracy of
96% has been achieved. The parameters of a moving ball that
has been studied are its acceleration, process noise and
measurement noise. The error found in tracking the ball while
varying its various parameters is also discussed.
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1. INTRODUCTION

Detection of moving objects in an environment, and tracking
those objects are an important part in the sports broadcasting,
security measures, surveillance, etc. This paper focuses on
presenting an optimal solution to solve the issue of real time
simultaneous object detection and tracking. For experimental
purpose the object of interest has been a tennis ball which is
being detected and tracked when it is in play. In the sports of
tennis the ball is the most important object of concern as far as
its detection and tracking is concerned [1] along with the
movement of players. The importance of its detection and
tracking lies in the fact that it can be reviewed for umpiring
decisions, after match analysis and for future study references
[2-3]

In this paper the main focus is presenting a methodology for
establishing a movement of a tennis ball i.e. detection,
tracking and prediction. Tracking of the ball from a video
sequence is a difficult task as the movement of the ball is very
fast and the size of the ball is very small as compared to the
background [4]. On a tennis court, there are many objects that
might pass as a tennis ball candidate thus it becomes important
to segregate the ball candidate from the non-ball candidate [5].

In tennis the movement of the ball is either player controlled:
spin introduced, angle and speed of hit or naturally introduced:
weather condition which include wind speed and direction,
pressure, and surface of court. In this paper the detection of
ball is done using MATLAB, its tracking and path prediction
is done by using Kalman filter based on predictor and
corrector algorithm. The factors which affect the ball
movement as mentioned above are used as control inputs to
the algorithm.

This paper has been divided into five sections. The first
section is the introduction section. In this section the problem
and tis solution is discussed in brief. The section Il includes
the related work that has been performed in the field of object
detection, tracking and trajectory prediction. The third section
provides a detail description about the proposed methodology
used to solve the problem. The fourth section presents the
results of the experimental setup and comparisons. It also
presents a discussion about the result obtained in previous
works. Section five is the concluding section which
summarizes the result in brief.

2. RELATED WORK

The detection of moving object plays a pivotal role in
autonomous industry. This is widely used in sports
broadcasting and automated surveillance. In sports
broadcasting, the moving object detection is used in tennis,
cricket, football etc. There are various techniques to detect the
moving object and the most commonly used among them is
the background subtraction method. In background
subtraction method, two input frames are taken and using the
background subtraction, the moving object which is in the
foreground is detected. But the drawback in this method is
that the camera should be stationary. To overcome this
drawback, the author has proposed an approach which uses
moving camera and takes the frames in the form of panorama
[6]. In this method, the moving object is found using the
image matching technique.

Detection of tennis ball is also performed using a method [7]
for detection based on frame differencing. Using frame
differencing method [8], the area of moving object is detected.
The noise present is removed using morphological operation
on the fragmented regions of moving object. Using the ball
size filtering and ball location filtering the tennis ball is
detected in the frame.

The ball detection can be considered on low-level curve
detection and the curve that is detected is a circle. A popular
technique for tracking a coloured ball is based on optical
recognition of planer fiducial marker [9]. In this method, it
finds large number of visible markers and their orientations
and relative positions. Though, this method has many
limitations. To overcome these limitations, a new technique is
presented which uses coloured ball as known markers having
the size same as that of the ball to be detected [5]. This
method is robust to noise, partial occlusion and detects
different coloured balls. Another method for ball tracking
based on track-After-Detection method [10] which is sub-
divided in to two parts: the object detection and the object
tracking. The object detection is done using motion
segmentation and blob classification. The tennis ball has a
standard yellow colour and could be used as an important
factor for blob classification [11]. A data association method
for object tracking is presented which takes the measurement
as independent random process [12]. It is called as
Probabilistic Multi-Hypothesis Tracker (PMHT). It is based
on recursion technique for tracking the object.
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A single camera is used for ball detection and focuses of
generation of tens ball candidate [11], [13-14]. The blobs
detected, are tested for ball candidacy using size, shape and
colour of the ball. The length of the tennis court is 78 feet and
if the ball is hit with 1% more speed, then the ball will land 18
inches farther than before [15]. Also, if the horizontal angle of
hitting is 1 degree more, the ball will land 16 inches more
towards left or right depending on the direction in which the
angle is increased. Thus the speed of hitting the ball, the
horizontal and vertical angle determine the trajectory that the
ball will take. Apart from these, the top spin and back spin
introduced by the player also helps in determining the
trajectory of the ball. The top spin will increase the height
after the bounce whereas the back spin will reduce the height
of the ball after the bounce.

The trajectory of the ball is determined by comparing all the
trajectories of the objects detected in the frame [16]. The
candidate trajectory which does not give the trajectory
resembling the ball trajectory is discarded.

3. METHODOLOGY

In this paper the proposed method is employed for the
detection, tracking and trajectory prediction of a tennis ball.
The proposed method is described by the process flow
diagram given in figure 1.

The first process is image acquisition. The experimental setup
for image acquisition includes a Nikon Coolpix L610 camera
with a 14 megapixel lens and a computer system which is
compatible to the camera. The camera is mounted on a tripod
stand placed at the centre of the side-lines of the tennis court.
The camera mounted is used to capture a sequence of a tennis
shot being played by the player. Once the sequence has been
recorded, it is obtained in a form of a video file. The video file
is transferred to the computer system connected with the
camera which converts the video file into frame format. The
frames thus acquired are used as a data set in the subsequent
process.

N
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Figure 1: Process Flow Diagram

The object detection process is performed on the images
acquired in the previous process. In a tennis match, moving
ball is not the only object that is detected. Along with the ball,
tennis players, ball boys and other objects are also detected.
Thus it becomes necessary to differentiate between the ball-
candidate and the non-candidates. In this process, the acquired
image is used to detect the object. The parameters used to
differentiate the ball candidate from the non-candidate are the
size, shape, and also the standard yellow colour of the tennis
ball. When the ball is hit, due to the blurring of the ball in the
image acquired, the shape is not oval but is elongated. This
also helps in differentiating the ball candidate from the non-
candidate.
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The location of the ball is determined from determining the
coordinate for the centre of the ball. This can be solved using
triangulation process for localization.

¥ = d1ysz + dyyiz + dzya
P 200Ys2 + X2Y13 + X3Y21)
_dixzp + dyxyz + dsxyg

T 2(yxsy + Yaxiz + Y3xar)

Where, X, & Y}, are the coordinates for the location of the ball
which is calculated using the concept of coordinate geometry

Yy

In the previous process the ball is detected and its location, in
the form of coordinates on the court, is recorded. These
coordinates helps in the tracking process of the tennis ball. For
tracking of tennis ball Kalman filter — having two algorithms:
predictior and updation — is used as shown in figure (2).

Time Update
"Predictor”

Measurement Update
"Cotrector”

Figure 2: two step algorithm

The predictor algorithm is mathematically shown in equation
(1). Here the previous position is used to find the next
position. In equation (2) the error introduced between the
original position of the object and calculated position of the
object is calculated. This part of the algorithm is called as
correction part.

X = AXp—1 + BUp—q + W1 ()
X = Xper + K(Zp — Hy,)  (id)

Where, K = Kalman gain, Z, = actual measurement, Hyx =
predicted measurement. After calculating the Kalman gain we
use the second algorithm of the filter i.e. the updation
algorithm which uses the Kalman gain to reduce the error
between the original and calculated position of the object.
This is performed using equation (3)

P; HT

K = —tr—
¥ T HP HT +R

(iii)
Where, P, = a priori estimate error covariance, H = predicted
measurement, R = measurement noise covariance

After using the two step algorithm for Kalman filter, a
posteriori state is estimated. This state estimate is the next
position in the trajectory of the tennis ball. This is the final
process of the proposed method. In this process, a-posteriori
estimate of the state is calculated from the previous state, from
which the trajectory of the tennis ball is to be predicted. The
Kalman filter is a recursive filter and it keeps estimating the a-
posteriori state. As the a-posteriori states are estimated, and
the corrector equation keeps on reducing the error covariance,
the trajectory of the tennis ball is determined.

4. RESULTAND DISCUSSION

To evaluate the performance of the tennis ball trajectory
prediction, the results of the proposed method is shown in this

14



section. The first section of the proposed method is the
experimental setup and data acquisition. In this section a data
set is formed in the form of frames acquired from the video
sequence captured by the mounted camera. Sequence of
frames is shown in figure (3)

The second section of the proposed method includes the
detection of ball candidate from the frame. This is done using
Matlab. The input to Matlab is one of the frames, and it
detects the yellow coloured tennis ball.

3
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Figure 3: Sequence of Frames from the Data Set

ball detection

original image

Figure 4: Detection of Tennis Ball

In [2], the detection technique used is based on frame
differencing, while in this paper the technique used is the
detection of standard yellow colour of the tennis ball. The
precision obtained in the detection of ball in [2] is shown to be
96.08% where as in this paper the accuracy obtained is 96.7%.
The problem in detection using the proposed method is when
the ball is occluded by the players or racket or even the net.
Also when the tennis ball is on the farther side of the court,
the filtering out of noise has to be very strong.

The coordinates of the detected balls in the sequence of
frames is determined and the plot in figure (5) shows the
position of the ball on the tennis court. The camera used has a
low frames per second thus the distance between the ball
position is large. To over-come this drawback curve fitting is
used which fits and smooth’s the curve to the best fit. The
negative coordinates on the Y-axis shows the width of the
playing area reducing.
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Figure 5: Coordinates of the tennis ball

The third section of the proposed method is the section where
Kalman filtering of the proposed model is done using the two-
step algorithm as discussed in the proposed method. The
Kalman filter is first used to show the ball detection and its
tracking. The result of detection and tracking is shown in the
figure (6).
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Figure 6: Tennis Ball Detection and Tracking

In the above figure the court is drawn to the dimensions of a
real tennis court. The red curve shows the original position of
the ball and the black curve shows the tracking of the ball
without using by using only the predictor step of the two step
algorithm of the Kalman filter. The green curve shows the
detection and tracking of the ball by using both the predictor
and corrector equation. The detection and tracking of the ball
gives us the a-posteriori state estimate of the ball at times step
‘k’. The accuracy and errors introduced in tracking of the ball
is shown in figures (7-9). The errors introduced in the
modelled system on behalf of varying the parameters used are
discussed below. This is done in the form of graphs where the
RMS Error is varied according to the variation in the
parameters.

The graph in figure (7) shows the variation of RMS Error with
according to the variation in the measurement noise.
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Figure 7: Variation of RMS Error with Measurement
Noise

From the graph it could be seen, as the amount of
measurement noise is increased in the modelled system, the
Root Mean Square (RMS) Error is increased in the prediction
of ball trajectory. The measurement noise, which is used to
model the difference between the original trajectory and the
predicted trajectory, is varied in the above graph. When the
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measurement noise is 0.1, the error between the predicted and
original trajectory is 0.06 but as the measurement noise is
increased to 1, the error introduced on the part of sensor is
increased to 0.340.
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Figure 8: variation of RMS Error with Process Noise
The graph in figure (8) shown is the variation between the
RMS Error and due to varying the process noise. When the
process noise, which models the accuracy of the system in
estimating the a-posteriori state, is varied from 0.01 to 0.06,
the error in estimating the a-posteriori state increases from

0.18 to 0.28 which is shown in the graph plotted above.
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Figure 9: Variation of RMS Error with Acceleration

Figure (9) shows the variation in the RMS Error as the
acceleration of the tennis ball as generated by the tens player
is varied. As the acceleration is increased, the RMS Error is
increased between the original trajectory of the tennis ball and
the predicted trajectory of the ball. The increase in the error is
due to the fact that the speed of the ball is increased, which
leads to difficulty in detection and tracking of the original
trajectory.

The fourth section of the proposed method is the prediction of
the trajectory of a tennis ball. In this section the trajectory of
the ball is predicted from two positions. One position is when
the ball crosses the net and the other position is when the ball
bounces. The result of both the predictions is shown in the
figures (7-8).
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Figure 10: Trajectory Prediction from the Net Position
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Figure 11: Trajectory Prediction from the Ball Bounce

In both the figures, the red curve is the original track of the
ball and the black curve shows the predicted trajectory of the
ball. In both the predictions it could be seen that there exists
some error between the original and the predicted trajectory.
The error present in the modelled system is shown in the form
of normal probability distribution. The error probability
distribution is shown in the figure (9).
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Figure 12: Error probability distribution function

In the figure, the blue curve is the original trajectory of the
tennis ball. Thus its curve is a straight line. The curve in
magenta colour shows the error probability distribution
function of the predicted state when only the predictor
equation of the algorithm is employed. The curve in green
colour is the curve showing the error probability distribution
function of the estimated state where both the predictor and
corrector equations of the algorithm are shown. The curve in
black colour shows error probability distribution in the
measurement noise of the modelled system.

5. CONCLUSIONS

The object detection, tracking and predicting the trajectory is
important in helping the umpiring decisions, broadcasting of
the match and post-match analysis purpose. The tennis ball
detection using the size, colour and aspect ratio of the ball is
achieved to the accuracy of 96.7%. For the tracking purpose,
the Kalman filter is employed along with its two step
predictor-corrector algorithm and the error due to changing
parameters of the Kalman filter is shown in the graph plotted.
The main objective of the paper is to predict the trajectory of
the tennis ball, which is effectively achieved by predicting the
trajectory of the tennis ball from the net position and when the
ball bounces.
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