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! ABSTRACT
This thesis presenrs algorithm for tennis stroke classification from video published in the Internet

using relati\:/e traj ectoriies of players and a ball. These videos are often low-resolution with noisy and
| f
captured b‘iy single far-view camera. Algorithm begin by tracking two players using frame
| |
|

differencing and mean shift tracking algorithm on color histogram. Then, tennis court line detection
is performld by anal!yzing the intensity of the image. To detect and locate the tennis ball, our

|
approach analyze mov}ing of pixel as well as offering techniques to eliminate false detection by using

the tennis court line. B‘;ased on both players and tennis ball positions, the system can precisely classify
!

i
the players’ action into serve, backhand ground stroke, forehand ground stroke, half court backhand,

|

and half court forehand.
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~ — X A Y] dy ] :
IQEJ‘VI u= —] L, ) 79 WINFUAITLON (Indicator Function)
h =
MNEUNSN (2.2) inefiani ¥ manuaaiandouideasaunae iy (MISE) [14][15]
a1 c; =) =1 1 9 o [ ] d' Y a A
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2.31) Az [@uns (2.32) 92161
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zn(gx,-y,-}(gxfj(gyfj (2.34)

(S HE)

a

3 1 < a 4
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Abstract— This paper describes our algorithms for players
tracking and ball detection for an ic broadeast tennis
video annotation. The system detects and tracks the players
using a robust non-parametric procedure for estimating density
gradients called the mean shift algorithm. The basic mean shift
tracking algorithm assumes that the target object has to separate
sufficiently from background, but this assumption is not always
true especially when fracking is carried out in dynamic
backgrounds such as in sport videos. To cope with this problem,
in our proposed system, we embrace the motion segmentation
and use the 8x8x8 color histogram to be feature distribution for
mean shift tennis players tracking. In order to determine the
players’ actions precisely, the system also detect and frack ball
positions using frame differencing as well as applying some
correlation techniques to eliminate false detections. Based on
both players’ motion patterns and ball positions, the system can
precisely classify the players’ action into backhand ground stroke
and forehand ground stroke. Videos of broadcast tennis games
downloaded from the Internet have been tested. The results show
our system is able to precisely classify the player’s actions with
83.7% precision and 82% recall rates.

Keywords— object tracking action recognition, sport video
analysis, tennis videos.

[..  INTRODUCTION

Video annotation has long been an active research area in
computer vision. The goal is to automatically extract salient
information from input videos either in real-time or off-line,
One of the applications of this area is automatic sport video
analysis and annotation [1][2][3]. In tennis context, the game
is typically described by key events such as strokes, including
serves, forehands, backhands, volleys, drop shots, etc. - In
order to detect these strokes from videos, while some
researches classify the strokes using only the player motion
[4][5], some found that more cues such-as court lines, ball
position, and audio are also beneficial [6][7][8]{9]. [4]
segmented player from the background scene using color and
3D model fitting. Then, six HMMs were constructed and
trained using combinations of features extracted from player
silhouette. One for each type of recognized events: forehand,
backhand, service, smash, forechand volley and backhand
volley. [5] proposed motion descriptor that called slice-based
optical flow histogram. Instead of trying to measure precise

978-1-4244-7815-6/10/$26.00 ©2010 IEEE

pixel displacement, they treated this optical flow as spatial
pattern of noisy measurement. Then, they employed SVM for
player’s action tramning and classification into two classes; left
and right swings. In addition to player spatial information
extracted from videos, many works incorporate some other
information that can be useful in event recognition. [6]
detected court lines by means of the Hough Transform, while
the players’ positions were extracted by finding edge pixels
whose orientation is different from the lines of the court. (7]
presented a trajectory-based algorithm to detect and track the
ball.. Their approach did not decide whether an object is the
ball, instead it decides whether a candidate trajectory is a ball
trajectory. [8] presented their TennisSense system that extracts
useful metadata from the overhead court camera. The tennis
ball is tracked using motion images for ball candidate
detection and then link ball candidates into locally linear
tracks. From these tracks, the serve and rally events can be
recognized. (9] presented HMM-based structuring of tennis
videos using visual and audio cues Their system labels each
segment of a tennis video with one of the following four types:
first missed serve, rally, replay, and break. Hidden Markov
Models (HMMs) - were  used to merge audio-visual
nformation, and to represent the hierarchical structure of a
tennis match. Domain knowledge is implicitly taken into
account through the leaming process associated with HMMs.

Many of these works use high quality videos and some uses
specific set-up camera angle or even multiple cameras. In this
paper, we proposed algorithms for player tracking and ball
detection in low resolution broadcast tennis videos from a
single far-view camera. Our ‘underlying motivation is to
develop an automatic system to annotate broadcast tennis
videos that are published on the Internet. This is a challenging
problem especially when most of the broadcast videos found
on Intemet are low-resolution and noisy.

Il SYSTEM OVERVIEW

Fig.1 shows our algorithm for event recognition in broadcast
tennis videos. The system first detects and tracks the players
using a robust non-parametric procedure for estimating density
gradients called the mean shift algorithm on 8x8x8 RGB color

ICARCV2010
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Figure 1. Block diagram of the proposed algorithm.

histogram.  In order to determine the players’ actions
precisely, the system also detect and track ball positions using
frame differencing as well as applying some correlation
techniques to eliminate false detections. Based on both
players’ motion patterns and ball positions, the system can
precisely classify the players’ action into backhand and
forehand ground strokes.

[II.  METHODOLOGY

A. Player tracking

To track the players both in far-side and near-side in tennis
video. we employed the mean shift algorithm [10] which is a
robust non-parametric - procedure for estimating density
gradients. The basic mean shift tracking algorithm assumes that
the target object has to separate sufficiently from background,
but this assumption is not always true especially when tracking
is carried out in dynamic backgrounds such as in broadcast
sport videos. To cope with this problem. we embrace the
motion segmentation and usc the 8x8x8 of RGB color
histogram [11] to be feature distribution for mean shift tennis
players tracking. Fig 2 shows the tracking result of near-side
and far-side players respectively.

Figure 2. Both players arc tracked using 8x8x8 RGB mean shift tracker.

B. ' Ball detection

In order to classify the tennis player’ strokes precisely, the
ball location can be used as an additional cue. However, in
low resolution broadcast videos especially the ones published
on the Internet, the quality of the video is apparently low. It is
almost impossible to detect the ball using color or shape cues.
Our approach in tennis ball detection is as follows:

1) kirame  differencing:  We  first_perform  frame
differencing. which is very fast to compute. to find areas of
moving objects.

2} Morphological — operations: ~After .that, we apply
morphological operations ar¢ applicd to climinate some
pepper and salt noises and connecting fragmented regions.

3) Ball size filtering: To detect the ball, we then filter all
the moving regions with ball size range that obtained from
prior ball size training process.

4) Ball location filtering: We have noticed that, at the far-
side tennis videos, the referee, ball boys, and bleachers usaully
appear behind the far-side tennis player.These could be
detected as the ball candidates. So. we filter out these blobs
using predefined out-of-interest regions.

5)  Moving camera detection: In many cases, we found that
the camera is sometimes moved. This would ruin the process
of ball detection because the whole scene changes. So. we also
detect whether the scene is changed due to camera moving or
not by considering results from the frame differencing
performed previously.

6)  Court line subtraction: 'When the camera moves, the
false of ball detection would be high (Fig.3). Most of these
false ball candidates are court line pixels which appear
relatively bright in the scene. Thus, we filter out the false
candidate by considering the brightness of the pixels. First we
create a court line pixel template (Fig.4) by dilating the bright
pixels in frame difference image. Then, subtract the frame

2492

74



difference image with this template. We then can eliminate
most of the false detection due to camera motion. Fig.5 shows
the final result of ball detection from moving camera after
performed steps as described. while Fig.6 shows the result in
normal (non-moving camera) scene.

Figure S. Final result of ball detection

Figure 6. Players and ball detection result in normal scene

C. Stroke classification

After we obtain the tracked locations of players and ball in
tennis video sequences, we can use this spatial temporal
information to detect and classify the players’ action into
backhand ground stroke and forehand ground stroke.

1) Ball hit detection: Consider trajectory of players and
ball in vertical axis of the image in Fig.7, the ball hit event can
be detected when the ball trajectory crosses with the players’
trajectory.

2} Stroke classification: For forehand or backhand strokes,
we consider another trajectory. of players™ position in X-
coordinate. Noticing that when the near-player hit forehand.
his’her motion is from left to nght; while the backhand is vice
versa

IV, © EXPERIMENTAL RESULTS

We tested the proposed method on 10 video clips that cut
from two matches of broadcast Tennis Masters Cup. The total
frame numbers are 1,914 frames. Each video ¢lip starts by
serve and ends by | ball point

I'able 1 shows the result of ball hit detection. The precision
is 96.08% and recall is 98%. Table 2 shows classification
results. On average, the stroke classification precision is 83.7%
while the recall rate is 82%

v CONCLUSION AND FUTURE WORK

We have presented a players tracking and ball detection in
low resolution broadcast tennis videos from a single far-view
camera. The players are tracked using color-based mean shift
algorithm. We also detect and track ball positions using frame
differencing as well as applying some correlation techniques to
eliminate false detections. Based on both players’ motion
patterns and ball positions. the system can precisely classify the
players” action into forehand and backhand ground stroke
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event deterinines whether it|is ground stroke or volley.
TABLE I BALL HIT DETECTION RESULT
Far/ TP FN FP PRECISION RECALL
[NEAR:
FAR 26 1 1 96.3% 96.3%
NEAR | 23 0 1 95.8% 100%
TABLEIL | STROKECLASSIFICATION RESULT
TP FN FP PRECISION RECALL
FAR-PLAYER
FH 6 4 2 75.0% 60.0%
BH 15 2. 3 83.3% 88.2%
‘NEAR-PLAYER
FH 5 1 2 71.4% 83.3%
BH] 15 2 1 93.8% 88.2%

of far-player (black), near-players (blu¢), and the ball (red). The vertical axis is the Y-coordinate position in image. The horizontal axis
Ball hit event is detected when the trajectory of the ball crosswith the trajectory of the players. The Y-coordinate position of hit

In the future, ‘we plan to extend the system to be able to

classify more salient events such as serve and idle state.
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