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Abstract
In order to solve the problem of low tracking accuracy of tennis ball trajectory caused by noise processing in the past
methods based on mean shift algorithm and infrared spectrometer, a dynamic model of tennis ball moving target tracking based
on parallel computing is proposed. Based on the analysis of tennis ball movement mechanics, a tennis ball movement image
segmentation method based on image segmentation and distortion dynamic information is proposed. Based on image
segmentation, the data is denoised. According to the tracking process of parallel computing, the gravity, visual and aerodynamic
models are established to track the movement trend of tennis ball after hitting, and the strong tracking filter is used to
compensate and correct the mutation points in different directions in the process of tennis ball movement. The experimental
results show that the coordinates of the highest point of the tennis ball trajectory in the three-dimensional coordinate system
are (-200, 150, 140), which is consistent with the coordinates of the highest point of the actual motion path, and has high
robustness to external disturbances.
© 2022 Jordan Journal of Mechanical and Industrial Engineering. All rights reserved

Keywords: corn; orientation device; physical parameters; the primary belt speed;

1. Introduction
With the rapid development of China’s domestic tennis
ball and the world’s second-largest professional tennis ball
players, it has achieved brilliant results in the world [1].
With the development of computer software and hardware
technology, the use of computer technology to analyze
tennis ball has attracted the active participation of many
domestic scientific research workers [2, 3]. Among them,
how to track and locate the moving tennis ball target is one
of the difficulties to be solved. An improved BTV target
tracking technology is proposed in Reference [4]. In order
to track the ball, a logical operation is applied between the
created background and the image difference, and then the
candidate ball is detected by applying threshold and
magnification, which can finally lead to the ball tracking.
Player detection is performed by finding the largest spot and
filling the entire detection object by removing small spots,
and the player is tracked according to the contour.
Experimental results show that this method achieves high
accuracy in target recognition and tracking. Ball tracking
has high hit rate and low failure rate, while player tracking
hit rate is measured by multi-target tracking accuracy
(motp). A tennis target tracking method based on infrared
spectrometer is proposed in Reference [5]. The
interferogram of moving target is collected by infrared
spectrometer, the spectrum is restored, and its phase
difference is compared with the actual spectrum. The
moving target is marked by local background weighting to
track the moving target. Due to the phase difference
* Corresponding author e-mail: cuiyugang@163.com.

between the reconstructed spectrum and the actual spectrum
and the influence of external dynamic background, the
tennis moving target tracking effect is poor. Aiming at
solving the problems and shortcomings in target tracking, a
tennis target tracking dynamic model based on parallel
computing is proposed in this paper. According to the
excellent localization characteristics of parallel computing
in both time and spatial domain, the adjacent video images
are differentiated to extract the feature information
reflecting the foreground moving target, so as to overcome
the adverse factors of illumination change and the
continuous change of moving target scale at any time. At
the same time, based on the structural characteristics of the
tennis ball court, the adverse interference factors outside the
court are excluded.
2. Tennis Ball Moving Object Segmentation
Tennis ball is affected by gravity and air resistance in
flight. After the ball is released, it will encounter certain air
resistance in flight, which will increase the pressure
resistance. The vibration caused by the impact of the ball
will produce simple harmonic vibration to the air [6-8].
When the rotating sphere moves forward, the interaction
between circulation and air flow changes the streamline
distribution and forms a certain pressure difference [9].
The difference between topspin and flat shot is that there
is upward and forward pulling action when hitting the ball,
so the ball has upward rotation around itself in the first
flight. Because the ball has upward rotation trend, the air
pressure above the ball is greater than the pressure below.
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Therefore, when the ball drifts in the first flight, the ball
tends to fall, so the ball falls quickly after passing the net,
and it is not easy to hit the bottom line [10-12]. Forehand
topspin is faster than flat shot in rotation speed, so under the
same conditions, the topspin is faster than flat shot in the
second flight. The pressure difference between the upper
and lower air flow of the tennis ball will also further expand,
resulting in a synchronous increase in the falling trend of
the ball [13, 14].
In the instant of hitting, a positive main hitting force p1
is applied to the ball to realize the charge of the ball, and a
vertical and positive upward movement is added to the
racket to make the racket grip the tennis ball and twist it
from the back, so that the ball can obtain an additional
upward rotation force T. Under the action of this T force, the
ball rotates around its center axis OY according to the
corresponding speed n (which is usually expressed as
several revolutions per minute) [15]. The batter looks up in
the direction of the ball. If the additional rotation force T is
greater, the rotation speed n of the ball is greater.
At the moment of hitting, a rotating force T is added to
the ball, that is to say, friction is applied to the ball to rub
and rotate the ball. Therefore, the time for the ball to stay on
the chord plane of the racket is much longer than the time
for flat hitting, and its contact with the racket, that is, the
impact point, is not a fixed point, but a moving line segment
[16, 17].
According to the principle of mechanics, a rotating ball
must have a moment (M). The moment is equal to the
product of the force (F) acting on the sphere and the vertical

distance (L) from the force to the center of the sphere. If L
= 0, the force is passing through the center of the ball, the
ball does not produce any rotation, but the ball flies the
fastest forward; If F is constant, l increases, M also
increases, and the ball rotates faster; If F is constant, the
greater the forward force of F1 is, the smaller the upward
force of F2 is, and the faster the ball flies; The greater the
F2 is, the smaller the F1 is, and the faster the ball rotates
[18, 19]. It is not difficult to see from the above, the topspin
ball must be in the forward force at the same time, but also
upward force to rub the ball. The forward force gives
positive pressure to the ball and makes the ball fly forward
through the center of the ball; The upward force comes from
the friction between the racket and the ball, so that the force
line on the ball does not pass through the center of the ball
and has a vertical distance with the center of the ball,
causing the ball to rotate. In this way, the ball can not only
move forward, but also rotate to form a topspin ball [20, 21].
Combined with the motion mechanics of tennis ball, the
image segmentation process is designed, as shown in Figure
1.
As can be seen from Figure 1, the normal mode of image
segmentation is combined with the dynamic information of
segmentation distortion, which is used to segment different
sub images of tennis ball motion image. Color and texture
features are combined, and the hidden layer is processed
according to the feature fusion principle to extract color and
texture features [22]. In order to realize the target
segmentation, the image is segmented by thresholding
combined with gray and gradient information.
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Figure 1. Image segmentation process
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The details are as follows:
Step 1: Overlay the edge of the image contour to be
segmented;
Step 2: The region growing method is used to
superimpose the edge of the contour, and the maximum
contour method is used for fusion;
Step 3: Take the upper left corner of the image as the
starting point, and use it as the seed point of the search area
to search globally, and get the first non-zero gray value
pixel. The global search rule takes the seed point as the
starting point, and starts the search from top to bottom. After
setting the search compensation threshold, it finds the next
non-zero pixel. When it finds the region that meets the
condition, it determines whether there are seed points in the
region [23]. If there are seed points in the area, continue to
search until no more seed points appear;
Step 4: Fill in the empty target to make the target have a
complete target control;
Step 5: The whole target contour is etched to process the
edge redundant information, and the contour is inflated by
combining with morphological filtering to get the complete
segmentation image.
3. Noise Reduction Algorithm Based on Parallel
Computing
In order to track and locate the tennis ball moving target,
based on the above-mentioned segmentation method of
tennis ball trajectory image, the position of tennis ball is
obtained and used as the initial observation value to train
and predict the tennis ball moving position based on the
Haar like features of tennis ball.
Because the video scene is always affected by noise and
tennis ball non-uniform motion, it is easy to lead to its
movement often accompanied by multiple or even dozens
of pixel size jumps between adjacent two frames, as well as
the inevitable occlusion effect in the process of movement,
resulting in tennis ball moving target loss [24-26]. In order
to overcome the above adverse factors, the following
optimization is done in the process of tennis ball target
tracking.
If the current tennis ball moving target detection fails, it
indicates that the position jump of the front and back of it is
larger, or its moving target is temporarily separated from the
video image area. In view of the above situation, expand the
region of interest of tennis ball target detection, expand the
length M and width N of the region of interest
correspondingly (in the experiment, M = N = 25), and find
the target in the expanded region of interest [27, 28]. If the
tennis ball target can not be detected after the above
processing, it indicates that the tennis ball has been
occluded or separated from the video image area, then the
lost target is marked accordingly, and the noise reduction
algorithm based on parallel computing is used to detect the
tennis ball target in the next image.
The data collected under the support of data
synchronization protocol has large interference data, so it is
necessary to denoise the data. Therefore, the scale
transformation method based on parallel computing is
designed to process the interference data.
The noise area is assumed to be the ( x, y ) direction of
the ball, and the ball motion path is assumed to be the
x ∈ [0, W − 1], y ∈ [0, H − 1]) direction of the ball, the
background image and foreground image are denoised to
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get the noise distribution area. Where W is the horizontal
displacement and H is the vertical displacement.
The dynamic error of the target image is corrected by
using 3D viewpoint switching mode, the expression formula
is:

x = V cos θ cos ϑ1

(1)
y = V sin θ
z = −V cos θ sin ϑ1
In Formula (1), x, y , z represents the local information
feature points of tennis ball trajectory, and ϑ1 represents the
switching angle of tennis ball trajectory.
If the tennis ball target can not be detected in several
consecutive frames, the tracking fails. If the tennis ball
target is detected again after the short-term tennis ball target
is lost, the tennis ball target tracking training and prediction
will be carried out again as the measured value input [29].
4. Dynamic Model Construction of Tennis ball Moving
Target Tracking
Parallel computing is one of the most practical
algorithms for local optimal solution. It belongs to one of
the tracking methods based on the direction information of
motion, and can track the target of specific direction of
motion. The tracking flow based on parallel computing is
shown in Figure 2.
As can be seen from Figure 2, the target location is based
on the fact that the real distance of the target is obtained by
means of the inverse ratio of parallax and depth. After stereo
matching, the parallax map can be calculated to perform 3D
ranging operation. The internal and external parameters of
the camera are obtained by MATLAB calibration toolbox,
and then the reprojection matrix can be obtained by stereo
calibration with parallel computing algorithm.
4.1. Dynamic model of target tracking
Assuming that the radar station coordinates are east
north one day coordinate system, the aerodynamic model
and thrust model are analyzed in half speed, and the gravity
and apparent vision model and aerodynamic model are
constructed in geocentric inertial coordinate system:
(2)
v ( k ) = aG ( k ) + aT ( k ) + a A ( k ) + ac ( k )
In Formula (2), aT (k ) and a A (k ) represent thrust and
aerodynamic acceleration respectively, aG (k ) represents
gravity acceleration vector, and ac (k ) represents visual
acceleration.
4.1.1. Gravity and expressive force model
Assuming that the position states of the target in the east
north one day coordinate system and the geocentric inertial
coordinate system are X A and X B respectively, and
assuming that the longitude and latitude heights of the radar
station are L, B, H , the conversion from the east north one
day coordinate system to the geocentric inertial coordinate
system is as follows:

X B =TAB X A − [ 0, 0, Re + H ]

T

(3)

In Formula (3), Re is the equivalent radius of the earth.
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Figure 2. Tracking process based on Parallel Computing

In Formula (3), Re is the equivalent radius of the earth.
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(5)
The transformation matrix in Formula (3) is as follows: =
One term in Formula (5) is the specific expression of
gravity acceleration in the east north one day coordinate
cos ( L + θ e t )
0 
 − sin ( L + θ e t )


system. The acceleration conversion from the geocentric
B
TA =
 − cos ( L + θ e t ) sin( B) − sin ( L + θ e t ) cos( B) cos( B)  (4)
inertial coordinate system to the east north one day
 cos ( L + θ e t ) cos( B) sin ( L + θ e t ) cos( B) sin( B) 
coordinate system is based on the target position. The
coordinate conversion of acceleration is obtained through
In Formula (4), θ e t represents the angle between the
the second derivative of time. In this process, the conversion
B
geocentric inertial coordinate system and the geocentric
matrix is obtained TA is a function of time, resulting in the
coordinate system from the reference time to the time t (it
conversion of the final gravitational acceleration with two
is generally assumed that the geocentric coordinate system
terms.
and the geocentric inertial coordinate system coincide when
the radar detects the target). Then the target acceleration in
4.1.2. Aerodynamic model
the east north one day coordinate system is:
The acceleration produced by thrust is realized by acting
on the air, therefore, the thrust model can be regarded as a
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special superposed aerodynamic force, it can be expressed
as:

1
T
ρ (k )v 2 (k ) [ a v , bt , ci ][ −ad (k ), at (k ), ab (k )] (6)
2
In Formula (6): a v , bt , ci represents unit vector of half
speed coordinate axis, ρ ( k ) represents air density, ad (k )
is resistance acceleration, at (k ) is lateral turning
acceleration, and ab (k ) is climbing acceleration. The

=
F (k )

dynamic model in the half velocity coordinate system has
obvious physical significance in expressing the horizontal
and vertical plane motion of the target. When the lateral
turning acceleration is greater than zero, the tennis ball will
fly to the left. When the lateral turning acceleration is less
than zero, the tennis ball will fly to the right; The climbing
acceleration determines the movement mode of the target in
the longitudinal plane; When the climbing acceleration is
greater than zero, the tennis ball will fly upward. When the
climbing acceleration is less than zero, it falls down.
4.2. Filtering correction of acceleration mutation point

When there is power phase conversion, the tennis ball
will produce larger maneuvering acceleration, which will
lead to the increase of tracking error. After the initial
tracking model is adjusted to match the target motion
pattern for a period of time, the tennis ball motion is
described more stably, and the predictor is modified by gain.
The model needs to ensure the robustness of the tracking
algorithm as a whole, and its acceleration will not change
abruptly. At the same time, some measurement samples are
needed to correct the error of filtering algorithm, so the error
of maneuver jump position will increase. To solve this
problem, a strong tracking filter is introduced to compensate
and correct the maneuvering mutation point. Considering
that the power conversion is mainly used to push the tennis
ball to pull up from the low point of trajectory, the lift
acceleration ac (k ) is selected as the detection parameter of
maneuver mutation. Judgment volume:

ε (k ) = lg

ac (k ) − ac (k − 1)
ac (k − 1) − ac (k − 2)

(7)

orders of magnitude, that is ε (k ) ≥ 2 , the maneuver
mutation is considered to occur, and the strong tracking
filter is used to filter and correct the measurement at the
current time. The physical picture of the strong tracking
filter and the tennis ball track after filtering and correction
are shown in Figure 3.
5. Experiment
In order to verify the rationality of the dynamic model of
moving target tracking based on parallel computing, tennis
ball is taken as the research object to carry out the
experimental verification analysis.
5.1. Experimental preparation and segmentation result
analysis
In an 80 m2 laboratory, tennis ball is used as the
experimental object to track its moving target. Set the
maximum speed of the tennis ball as 20 m/s and the
maximum angular speed as 10 °/s. install the camera above
the tennis ball and collect the image every 3 s.
Table 1 shows the number record of tennis ball track
images with 30700 filters after segmentation by using the
method in this paper, average displacement algorithm and
infrared spectrometer method under the conditions of frame
1, 200, 400 and 600.
Table 1. Record of three methods
Number
of frames

Paper
method

Average
displacement
algorithm

Infrared
spectrometer
method

1

194136

165660

153840

200

122856

111004

153803

400

136238

124189

154083

600

193572

173141

154872

Using the sample data segmented by the three methods
shown in Table 1, the root mean square errors of the three
methods under different segmentation ratios are counted.
The results are shown in Figure 4.

It can be seen from Formula (7) that when the difference
between adjacent accelerations reaches more than two
Infrared spectrometer method

(a) Physical map

Root mean square error / mm

7

Average displacement algorithm

6

Paper method

5
4
3
2
1
0

(b) Before filtering
(c) After filtering
Figure 3. Variation of root mean square error of segmentation
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Figure 4. Variation diagram of root mean square error of
segmentation
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As can be seen from Figure 4, under the same
segmentation ratio, the change curve of root means square
error of segmentation using the method in this paper is
always lower than that of average displacement algorithm
and infrared spectrometer method, and the curve is
relatively flat. It shows that under the same segmentation
ratio, the segmentation error of this method is smaller and
more suitable for the actual needs.
5.2. Target setting
Through the image video sequence to obtain 1000
images, the characteristics of the collected image and video
are analyzed, and the acquisition process is interfered by
external noise. According to the experimental environment,
the simulation experiment of tennis ball movement path
capture is carried out. First of all, the video sequence of a
tennis ball image in the process of throwing is collected to
obtain the original image, as shown in Figure 5.
It can be seen from Figure 5 that the camera of IO
Industries company is used to take fixed-point pictures of
the experimental objects. The camera is placed on the right
side of the tennis ball court, 5 m away from the server. The
number of the server is recorded through the camera. The
characteristics of the best hitting point of the tennis ball
server are analyzed by the trajectory of the marker points of
the player’s arm.

Figure 5. Tennis ball trajectory

200
z 100
0
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-200

5.3. Experimental results and analysis
Combined with the tennis ball trajectory in Figure 5, the
motion path coordinates are analyzed in detail, as shown in
Figure 6.
It can be seen from Figure 6 that the coordinates of the
highest point of the tennis ball trajectory in the threedimensional coordinate system are (-200, 150, 140). Under
the support of each coordinate point of the actual motion
path, the tennis ball trajectory is tracked by using the Mean
Shift algorithm, infrared spectrometer and parallel
computing methods, as shown in Figure 7.
It can be seen from Figure 7 that the highest point
coordinate of the tennis ball trajectory based on Mean Shift
algorithm in the three-dimensional coordinate system is (100, 80, 160), and the tracking points are less, so the tennis
ball landing speed is faster; The highest point coordinate of
the tennis ball trajectory based on infrared spectrometer in
the three-dimensional coordinate system is (-200, 180, 110).
Using the parallel computing method, the highest point
coordinates of the tennis ball trajectory in the threedimensional coordinate system are (-200, 150, 140), which
are consistent with the highest point coordinates of the
actual motion path. Through the above analysis, it can be
seen that the tracking result based on the parallel computing
method is more accurate.
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Figure 6. Tennis ball trajectory analysis in 3D coordinated system
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Figure 7. Tennis ball trajectory tracking with different methods
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6. Conclusion
The tennis ball moving target tracking dynamic model
based on parallel computing can effectively improve the
problem of low accuracy of tracking results based on
average shift algorithm and infrared spectrometer, which is
verified by experiments. The following conclusions are
drawn:
1. The accurate prediction of tennis ball moving target
tracking trajectory needs high-precision prediction
initial value points as the premise. Filtering the tennis
ball moving target data can reduce the influence of
random error and improve the data accuracy, but it is
difficult to meet the requirements of high-precision
trajectory prediction of tennis ball moving target.
Therefore, starting from the motion characteristics of
tennis ball moving target. The dynamic equation of
tennis ball moving target is used to constrain the state
equation in real time, and the dynamic model of tennis
ball moving target tracking based on parallel computing
is established. It is modified in real time to improve the
target tracking accuracy.
2. The experimental results show that the model in this
paper has a high accuracy when tracking the coordinates
of the highest point of the trajectory of the tennis ball
moving target.
Although this method has accurate capture effect, there
are still many problems due to conditions and time
constraints, which need to be further improved and studied:
1. During the experiment, when the camera device is used
to capture the flight trajectory of the tennis ball flying
object, the camera will obtain an image. The exposure
time of the camera and the high-speed motion of flying
objects blur the image. Therefore, how to eliminate
fuzziness and improve the accuracy of positioning
results remains to be further studied.
2. It is difficult to keep the background stable when
grasping flying objects with the manipulator, so more
anti-interference algorithms are needed to extract objects
such as regional color segmentation, so as to avoid the
interference problem caused by the experimental
process.
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