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)is article takes table tennis as the research object, mainly extracts a large number of table tennis video trajectories, and combines
the kinematic analysis method to reduce the noise of the extracted target to improve the accuracy of the table tennis trajectory and
obtain the table tennis trajectory. )e parameter group is used to simulate the trajectory of table tennis; based on the MATLAB
environment to realize the table tennis trajectory simulation that provides the initial velocity and coordinates, complete the
capture of the table tennis drop point. )is article uses the two-dimensional information in the image to estimate the parameter
values that form the three-dimensional information and then calculates the three-dimensional information based on the estimated
parameter values. )e unscented Kalman filter is used to estimate the trajectory parameters and rotation parameters of table
tennis, and the algorithm for calculating and updating markers in real time is proposed, which reduces the influence of calculation
errors on the estimation process and improves the accuracy of parameter estimation. First, establish a table tennis movement
model and choose a suitable model to describe the translation and rotation movement of the table tennis. )en, based on the
extended Kalman filter algorithm and the unscented Kalman filter algorithm, the ball flight trajectory estimation algorithm is
established. Finally, an actual image acquisition system is built to collect trajectory information and surface information images
from the actual table tennis movement. Processing is performed to obtain the positions of the center of the ping pong ball and the
marked points on the corresponding sensors. Simulation and experimental results show that the proposed algorithm can ef-
fectively estimate the trajectory, linear velocity, and angular velocity parameters of a table tennis ball, and the selection of the initial
value has little effect on the algorithm.

1. Introduction

In recent years, with the improvement of national living
standards, people have become more and more interested in
the improvement of physical fitness, and various sports have
also developed vigorously. As China’s national ball, table
tennis has become an excellent way for people to increase
their physical activity. In order to improve the accuracy of
table tennis hits and promote the development of table
tennis, a design for the table tennis capture system is
designed in this article [1–10].

)e concept of deep learning model needs to be traced
back to 2006. Geoffrey Hinton used neural network to
complete the dimensionality reduction of the data and
published the results on “Science.” Since then, the concept of

deep learning has been continuously extended to other fields
and has been successfully used. For example, Yann LeCun,
Yoshua Bengio, and Geoffrey Hinton, three leading figures
in the field of deep learning, published a comprehensive
research article titled “Deep Learning” in the journal Nature
in 2015, in which they launched a detailed study of deep
learning. In general, the main content of deep learning is that
it mainly learns various feature expressions through a model
composed of multiple cascaded network layers, and it also
has the characteristics of multiple abstract levels. In addition,
the back propagation algorithm is also adopted to guide the
machine to self-learn by changing the internal variables and
explore the deeper content contained in the data sample. In
fact, this method of using backpropagation or hierarchical
models to expand the corresponding learning has been used
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in media, such as images, videos, text, and audio. For now,
the most successful training network types are deep belief
networks based on DBN algorithm, generative adversarial
networks based on model optimization training, long-short-
term memory to solve RNN, feedforward neural network,
and so on. In addition, there are also many scholars who pay
attention to the backpropagation algorithm of training the
network.)erefore, more efficient algorithms are developed,
including Adadelta, Adam, and RMSprop [11–15].

Convolutional neural networks (CNN) is the most
common type in the ANN field. Because the neural network
requires a lot of data for simulation training in the initial
stage and requires the computer’s own hardware equipment.
It is difficult to obtain a network with relatively good per-
formance through training. However, in recent years, with
the continuous advancement of GPUs and corresponding
labeled data, CNN has shown better and better results in
dealing with image recognition or image classification
problems. It is precisely because of this advantage of CNN
that it is widely used in face recognition, object recognition,
and other occasions. In recent years, the successful appli-
cation of convolutional neural networks in image recogni-
tion has received widespread attention (Figure 1). Common
image recognition methods can generally be divided into the
following three types: decision theory recognition, syntactic
pattern recognition, and fuzzy pattern recognition. Among
them, a major feature of syntactic pattern recognition is the
use of several structural features to form a single recognized
object, which can accurately describe the characteristics of
the image. Suppose a picture is composed of lines, curves,
polylines, and the like according to specific conventions,
then, it is often combined with the knowledge of statistical
decision making in mathematical statistics to reconstruct the
secondary space to achieve the purpose of image recogni-
tion. Commonly used methods include similar judgment
method, similar analysis method, and function classification
method. Among them, fuzzy pattern recognition is mainly
through training to imitate the process of identifying things
in the human brain, which can not only obtain a more
accurate classification of objective things but also improve
the simplicity of the recognition module. )erefore, it is also
a method for the above two recognition methods [16–20].

LeNet is a more traditional convolutional neural net-
work with a model depth of only five layers. Scholars such as
Alex Krizevsky put forward a series of views on this in 2012.
)ey believe that although the current convolutional neural
network technology can be competent for some data sets
(such asMNISTand the like), the categories of these data sets
are few. )erefore, they are more inclined to use other
training data sets to train the model, such as ImageNet, to
realize the trained convolutional neural network model, so
that it has a stronger depth and breadth. With the further
development of CNN, in order to improve the performance
of neural networks, scholars often achieve this by increasing
the number of layers of the model and the number of
neurons in each layer [21–25]. However, in this method, in
order to avoid the overfitting phenomenon of the model,
many training samples are usually required, which will cause
the model parameters to increase greatly. )erefore, in order

to solve such problems, GoogLeNet uses the inception
module. Its main principle is to control the cumbersome
degree of calculation of model training, and it ingeniously
overcomes the problem of gradient failure in reverse
transfer. Computer scientist Andrew and scholar Karen of
the University of Oxford in the United Kingdom have de-
veloped another DNN (deep nenral Network) model:
VGGNet.)ey used a convolution filter with a 3×3 receptive
field to produce the output of different models. After
comparative analysis, the performance difference between
convolutional neural network and network depth is studied
systematically. Kaiming He et al. proposed the ResNet model
in 2015 and won the ILSVRC championship that year.
Kaiming He believed that the difficulty of training network
parameters increases as the depth of the network increases.
Once the model depth index exceeds a certain value, the
problem of gradient explosion and gradient disappearance
will occur, and the degree is positively correlated with the
network depth, but the accuracy rate is reduced. )erefore,
to solve this problem, they studied a new method, which
includes adding connections between nonadjacent layers,
skipping some layers in the network, changing the original
stacking (plain network) form of the traditional network,
join the identity mapping layer, and so on [26–30]. Existing
convolutional neural network models constantly change the
depth and width of the model, and at the same time, they
continuously optimize the model architecture, so that its
performance is significantly improved. In the image rec-
ognition task, as the current best-performing convolutional
neural network, its classification performance on multiple
image data sets (for example, the ImageNet data set) has
been comparable to human capabilities. )erefore, on this
basis, Hinton proposed a capsule network in October 2017.
It uses neuron vectors to replace the single neuron node
commonly used in traditional convolutional neural net-
works. Compared with traditional recognition methods,
adding a deep learning algorithm module in the image
processing field has the following advantages: the algorithm
itself can complete the analysis of big data independently
and extract features from it, without the need for manpower
to complete this tedious task. Classification and recognition

Figure 1: Image recognition.
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work and feature extraction work can be coordinated to
control the running consumables of the algorithm [31–33].

2. Model building

For rotating flying objects, the state of motion generally
includes position, flight speed, and rotation speed. In this
article, the three-dimensional position of the table tennis ball
can be directly given by the external visual positioning
system, so its motion state specifically refers to the flight
speed and rotation speed, and the motion state space spe-
cifically refers to the high space composed of the flight speed
state space and the rotation speed state space. Motion state
estimation refers to the use of physical model-basedmethods
or nonmodel purely mathematical methods to solve the
motion state of a rotating flying object based on the ob-
servation information of a trajectory position time series;
trajectory prediction is to bring the estimated initial motion
state into the motion. )e model predicts the movement
state of the flying object over a period. )e distance between
the predicted value of the trajectory and the observed value
of the actual trajectory is a direct standard to measure the
accuracy of motion state estimation and trajectory predic-
tion. It is not difficult to see that the key to estimating the
state of the motion and predicting the trajectory lies in the
accuracy of the rotating flight motionmodeling.)e changes
of marking points on the surface of the table tennis ball as it
rotates is shown in Figure 2.

As a typical example of rotating flying objects, table
tennis balls are of small quality, fast in speed, and have high-
speed rotation. )e trajectory is easily affected by rotation
and offset. )erefore, this article uses table tennis as a ro-
tating flight motion model, motion state estimation, and
trajectory prediction. When a rotating ping pong ball is
flying in the air, it is mainly affected by the combined effects
of gravity, air buoyancy, air resistance, and Magnus force.
)e air buoyancy is too small compared with the other three
forces and can basically be ignored. According to aerody-
namics, when a ping pong ball is flying in the air, it will rub
against the air and generate air resistance. Its magnitude is
proportional to the square of the flying speed of the ball, and
the direction is opposite to the flying speed. Affected by the
combination of flight speed and rotation speed, the relative
speed of the surface of the ping pong ball is not consistent
with that of the air. According to fluid mechanics, the
pressure of air on both sides of the ping pong ball is not the
same, resulting in the Magnus force. Ideally, the Magnus
force is proportional to the outer product of flight speed and
rotation speed. )e comprehensive force of a rotating table
tennis ball is nonlinearly related to the motion state, and the
motion model is the double integral action of the com-
prehensive force in time, so the motion model has off-order
nonlinear characteristics. )is brings great challenges to the
motion modeling, model parameter identification, motion
state estimation, and trajectory prediction of rotating table
tennis.

Some existing methods do not use the motion model
based on force analysis but directly use pure mathematical
methods such as polynomial fitting and local linear

regression BP neural network to fit the time series of the
initial trajectory position of the pawn and the ball and the
position of the ping pong ball hitting point and the mapping
relationship between the state of motion. )is type of
method does not use the constraint information of the
motion model and can only adapt to a small type of tra-
jectory with basically no rotation speed and flying speed in a
specific range, and the prediction accuracy cannot meet the
servo requirements of the table tennis robot in the full-state
space. Some have established a motion model based on force
analysis but ignore the influence of rotation. )en, by
constructing an extended Kalman filter to filter the real-time
observations of the trajectory position time series, the least-
square estimation of the motion state is obtained. Although
the constraint information of the motion model is used
when estimating the motion state, the motion model can
only adapt to the situation of nonrotating or low-speed
rotating table tennis, and the accuracy of motion state es-
timation and trajectory prediction will decrease as the speed
of the table tennis increases. )e best existing method
proposes a motion model that fully considers the influence
of rotation and derives the calculation method of the ro-
tation speed according to the constraint relationship be-
tween the flight speed and the rotation speed in the motion
model. Although this type of method effectively uses the
constraint information of the motion model for the esti-
mation of the rotation speed, a second-order polynomial to
fit and derive the observation information of the trajectory
position time series in three dimensions is adopted to obtain
two adjacent table tennis balls. In fact, when the rotation
speed is high, the motion trajectory is coupled with each
other in three dimensions. It is inaccurate to regard them as
independent motions that do not affect each other and to
separately fit the trajectory, and iteratively predicting the
trajectory through the discrete motion model will introduce
a cutoff point. )erefore, this type of method cannot be
effectively applied to table tennis balls with a high rotation
speed. )e coordinate system is shown in Figure 3.

2.1. %e Table Tennis Capture System. )e table tennis
capture system proposed is mainly composed of three parts:

(i) Extraction of the trajectory coordinates of the table
tennis. After analyzing the round shape, high-speed
movement, and small size of the target object and
comparing multiple image processing methods at the
same time, we chose to use the circle detectionmethod
to identify the target object’s trajectory coordinates.
)e circle detection of this system is realized by the
Hough circle transformation algorithm. )e Hough
circles function is mainly used to obtain the center
coordinates of the circle. In order to obtain more
accurate trajectory coordinates, the function param-
eters set by this system are HoughCircles (src, circles,
HOUGH_GRADIENT, 1.5, 150, 130, 30, 1, 10).

(ii) Background noise reduction of target trajectory.
After obtaining the original coordinate samples of
the target trajectory, the RANSAC algorithm is used to
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denoise the data. Because the trajectory of table tennis
conforms to the laws of motion mechanics, a com-
prehensive trajectory model is established through the
mechanical analysis of the trajectory of the table
tennis, combined with the known trajectory samples.
)e RANSAC algorithm is used to reduce the noise of
the obtained image trajectory coordinates. )e above
operations are performed several iterations to get
more accurate trajectory data.

(iii) Establishment of mathematical model of trajectory
parameters.

2.2. Establishment of reference Coordinates. )rough data
retrieval, we get the size parameters of the standard table
tennis case: the table is 2.74-m long, 1.525-m wide, 76-cm
high from the ground, and 15.25-cm high from the net.
Taking the upper left corner of the ping pong table as the
origin, according to the camera position, we establish the
following coordinate system (in centimeters): the coordi-
nates of the four vertices of the ping pong table:

(0, 0, 0), (274, 0, 0), (0, 152.5, 0), (274, 152.5, 0). (1)

Camera coordinates

(137, −2, 0). (2)

Plane coordinates of the floor:

z � −76. (3)

)e plane coordinates of the table tennis case:

z � 0(0< x< 274, 0<y< 152.5). (4)

Straight line coordinates of the center line:

l �
x � 137,

z � 0.
 (5)

2.2.1. %e Real-Time Trajectory Coordinates of the Ping Pong
Ball. We first convert the pixel coordinates obtained after
capturing noise reduction into world coordinates.According
to the formula, the process is as follows:
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Figure 3: Coordinate system.

Figure 2: Changes of marking points on the surface of the table tennis ball as it rotates.
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)en,

w � P X. (8)

According to the established coordinate system, the
conversion matrix P is obtained by substituting relevant
parameters. )rough the conversion matrix, the pixel co-
ordinate data imported into MATLAB is sequentially con-
verted into world coordinates, and the real-time trajectory
coordinates of the ping pong ball can be obtained. )e
flowing chart is shown in Figure 4.

2.2.2. %e Trajectory Model of Table Tennis in the Air.
According to the force of table tennis, through physical
analysis, the trajectory equation of table tennis in the air can
be obtained as follows, in the horizontal direction:
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)e components of the initial velocity of the table tennis
on the X, Y, and Z coordinate axes.

2.2.3. Fitting of Table Tennis Trajectory Equation. In
MATLAB, according to the above table tennis trajectory
equation in the air, the least square method is used to fit the
table tennis trajectory. Along the three directions of X, Y, Z,
respectively, according to the trajectory equation (formula)
to fit, the initial velocity component of the ping pong ball on
the coordinate axis is regarded as an unknown number, and
the trajectory of the ping pong ball in this direction can be
obtained. Combining the predicted trajectories in three

directions, the predicted trajectory of the table tennis ball in
space can be obtained.

2.3. Judgment of theReboundof theCollisionbetween theTable
Tennis Ball and the Table. If the table tennis collides with the
ball case during the movement, the fitting prediction will be
made according to the new trajectory after the rebound.
Currently, the speed of the rebound is a new variable, that is,
if the observed data of the table tennis satisfies

z � 0(0< x< 274, 0<y< 152.5). (11)

)en remove the previous data and perform fitting based on
the new data. Prediction of the placement of table tennis: the
predicted placement of the table tennis is the intersection of
the predicted trajectory and the ground plane. In the above-
mentioned coordinate system, that is, the value of x and y
when z� -76.

2.4.ModelCheckingandPredictionAccuracy. )is article has
conducted many experiments with the above model, and the
experimental results are as follows:

(i) )rough experiments, we found that this system
runs faster, has real-time performance, and has
certain predictive capabilities; it can better capture,
extract, and transform data, so it has better per-
formance. Good recording and real-time monitoring
functions.

(ii) In terms of data accuracy, the prediction results of
this system and the actual landing error are within a
reasonable range. By analyzing the errors in all valid
experiments, we can think that the confidence in-
terval for the prediction error within ±2 cm is 0.99.
)erefore, this system has strong practicability.

After analysis, the table tennis capture system can be put
into practical use, but there is still a certain error. )e cause
of the error is table tennis has the characteristics of small
targets and fast movement speed. Under the shooting of
high-speed cameras, some target samples are distorted and
causes the loss of some trajectory coordinates; it is difficult to
completely filter the background noise of table tennis image
recognition; due to environmental factors, before using the
table tennis capture system, the mathematical model pa-
rameters should be adjusted accordingly; otherwise, it will be
A large error occurred. )e samples are compared in
Figure 5.

3. Simulation

)e above content has completed the estimation of the
motion trajectory parameters and the estimation of the ball
rotation parameters for the table tennis motion model and
the camera working model. In order to verify whether the
algorithm is reasonable and can meet the actual table tennis
motion parameter estimation requirements, this section
builds the image. )e acquisition system platform uses two
cameras to separately collect table tennis motion
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information images and rotation information images and
performs offline processing and analysis on the two sets of
images obtained, to obtain the actual measurement value
matrix that can be used in the algorithm, and adjust the
simulation algorithm Parameters are processed and analyzed
to verify the correctness of the algorithm.

Schematic diagram of the image acquisition system.
)e system uses an external vision processor to connect
two cameras and a PC upper computer. )e two cameras
are arranged in a nonparallel arrangement. )e vision
processor is CVS-1456. )e two cameras are connected to
the visual processor CVS1456 via IEEE1394 cables, re-
spectively, and the visual processor is connected to the PC
upper computer with a twisted-pair network cable. )e
field of view of camera 1 is the entire table tennis table, so
that it can collect the entire trajectory information of
table tennis, and the field of view of camera 2 is the second
half of the trajectory of table tennis, mainly extracting the
surface information of the image, which is set by the
image acquisition program. )e image acquisition time
and image acquisition frequency of the two cameras, the
images acquired by the two cameras are saved to the PC
through the CVS. )e fitting curve graph is shown in
Figure 6.

)e core of the image acquisition system is the vision
processor CVS-1456, which is a compact vision processing
system. )e vision processor is a simple to use and dis-
tributed real-time image processing system. )e real-time
image processing system is embedded in the CVS. For real-
time high-speed image acquisition and processing, it can
acquire, process, and display images from IEEE1394 cameras
that comply with the IIDC1394 digital camera specifications.
A variety of digital input/output ports are also provided in
CVS for communication with external devices. )e CVS-
1456 is connected to the PC via Ethernet, which can display
measurement results and status information, and it can also
perform system and network settings on the vision pro-
cessor.)e visual processor CVS-1456 has 2000×2000 image
resolution, 1623Mbps processing speed, and 256MB flash
memory, which can store a large amount of image data to
meet image processing needs.

)ere are 3 IEEE1394a interfaces on the CVS-1456 panel
to connect to the camera. )ere are currently more than 80
IEEE1394 cameras to choose from, and up to three
IEEE1394 cameras can be connected at the same time. )e
bandwidth provided by the IEEE 1394 bus is a fixed amount,
which is shared by the ports connected to the camera. )e
bandwidth provided by each port depends on the amount of
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bandwidth required by each camera. High frame rate and
large-size images require higher data transmission. Rate
requires more bandwidth.

)e image data transmission interface, communica-
tion module and image processing module are integrated
in the CVS1456. )ere are multiple input and output
terminals, which can output or receive trigger signals to
control the work of the cameras connected to the pro-
cessor and realize the operation of multiple cameras,
synchronous control. )ere are two trigger signal ports on
the panel. )e independent signal input port can be
connected to external devices, such as sensors or start/
stop buttons, and the TTL signal output port is used to
send signals to trigger external devices, such as cameras or
lighting equipment. )erefore, the use of the visual
processor eliminates the need for a separate processing
unit, which speeds up the image acquisition speed and
saves time and cost.

Among them, camera 1 is used to collect position
information of the ping pong ball, and the lower reso-
lution can meet the requirements, and camera 2 is mainly
used to collect the information of the marked points on
the surface of the ping pong ball, so a higher resolution
is selected. )e two cameras are connected to the
vision processor, the sampling frequency is 100 Hz, and
the acquisition is triggered synchronously by the soft-
ware, and a set of sphere center position images and a
set of marked point information images are obtained,
respectively. )e two cameras have the following
characteristics:

(1) All adopt CMOS sensor, which has higher sensitivity
and shorter exposure time compared with CCD
sensor, which is beneficial to realize high-speed
image acquisition.

(2) It has three trigger modes: free mode, software starts,
and hardware trigger, which can realize continuous
acquisition and trigger acquisition.

(3) )e data transmission interface is a standard
IEEE1394 interface, which can realize plug and play.

(4) Support multiresolution image acquisition, support
custom image acquisition window, speedup image
acquisition speed.

In the simulation system, the position and posture of the
two cameras are known, but in practice, only the position of
the camera is fixed when working. When building the
system, you need to adjust the position and posture of the
camera according to the actual table and ball trajectory. To
meet the requirements, these pose parameters are the basis
for estimating the trajectory parameters and rotation pa-
rameters of the table tennis ball. However, if these pose
parameters are obtained by direct measurement methods,
there are large errors. )erefore, according to the camera
imaging rules, some feature points with known coordinate
values in the space are used to correspond to the coordinates
of the image points on the surface of the camera sensor. )e
corresponding relationship between the two can calculate
the position and attitude parameters of the camera. )is
method is more accurate and more convenient than direct
measurement. It is called camera calibration.

Camera calibration is mainly divided into three cate-
gories: traditional calibration method, camera self-calibra-
tion method, and camera calibration method based on active
vision. )e traditional calibration method uses a reference
object or a calibration object with known geometric in-
formation and position information, selects the feature
points on the reference object or calibration object, and
calculates the pose parameters of the camera according to
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the corresponding relationship between the feature points
and the image points. )e operation is simple, and the
accuracy is easy to guarantee. )e predicted result is shown
in Figure 7.

)e camera self-calibration method does not need the
three-dimensional information of the points in the space
and uses the camera’s motion constraint relationship or
scene constraint relationship to calculate the camera’s
pose parameters. )is method is flexible in application
and is mainly used for camera online calibration and real-
time calibration.

)e calibration method based on active vision is to
control the camera to perform simple linear motion with
known motion information and to linearly solve its internal
parameters based on the image information obtained by the
moving camera, without reference objects or calibration
objects, and is characterized by simple algorithms and ro-
bustness. It is highly robust, but this method requires a high-

precision vision system platform, the system is complex, and
the cost is high.

)e system established in this article mainly performs
online image acquisition, offline data processing, and
analysis.)e parameter estimation method adopted makes it
unnecessary to calibrate the two cameras. )erefore, the two
cameras can be calibrated separately, and because there is no
need to perform online parameter estimation, in the process
of image acquisition, there is no requirement for real-time
camera calibration. We only need to adjust the appropriate
camera position and posture to ensure the viewing angle
range of each camera. )erefore, comparing the advantages
and disadvantages of various methods and the character-
istics of the image acquisition system we have built, we
choose the traditional calibration method with the aid of
calibration objects.

)rough the image acquisition system, two sets of pic-
tures are obtained, one is the panoramic image of the
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trajectory information of table tennis collected by camera 1,
and the other is the surface information of the ping pong ball
taken by camera 2 about the position of the marked point.
)e image of the ping pong ball on the sensor is a circle. To
obtain the position of the center of the ping pong ball more
accurately, the circle that the ball is imaged on the sensor
must be separated and then the center of the sphere must be
calculated. )erefore, for the panoramic information col-
lected by camera 1, we need to obtain the image coordinates
of the center of the sphere through image processing. Be-
cause the size of the ping pong ball is small, its imaging on
the sensor is also small, and the marking point information
on the surface is not easy to separate from the image.
)erefore, in offline image processing, this process can be
simplified as directly from the image. Extract the position of
the marker from the image and read its position informa-
tion. )e contour is shown in Figure 8.

)e edge is the most basic feature of the object in the
image, and it contains important information about the
detected target. Especially in complex background, only the
edge of the object can be easily distinguished from the
background, and irrelevant information can be eliminated.

Reduce the amount of data, which is the most basic andmost
versatile application in machine vision, image processing,
and other fields. Edges are areas that reflect significant
changes in attributes. )ese changes include brightness,
texture, color, geometric attributes, and other aspects of the
image. )e image processing concentration is expressed as a
sharp change in the image gray level. )e image gray level
function gradient can be used. )e Canny operator is one of
the most widely used algorithms in the direction of edge
detection. It uses Gaussian function to smooth the image
and calculates the point with the local maximum gradient
amplitude by first-order differentiation. )e predicted result
is shown in Figure 9, and different cases are compared in
Figure 10.

4. Conclusion

Aiming at problems such as table tennis trajectory predic-
tion and rotation parameter estimation, this article adopts a
parameter estimation method that is different from the
traditional state estimation method, that is, no 3D recon-
struction is required, and the required 3D information is
estimated only based on the 2D image information captured
by the camera. )e three-dimensional information is cal-
culated according to the estimated parameter values. )is
article also designs the calculation method of the three-
dimensional coordinate value of the mark point according to
the spatial geometric relationship and the constraint rela-
tionship of each mark point and reduces the influence of
calculation error on the estimation of the rotation parameter
through the real-time update method of the mark point
position.

)e research content and results of this article are
summarized as follows:

(1) )e overall simulation environment is constructed,
including the mathematical model of table tennis
and the visual acquisition system.

(2) Based on the extended Kalman filter and the
unscented Kalman filter, the table tennis trajec-
tory parameter estimation method is derived, and
the estimation effect is compared, and the influ-
ence of the selection of each parameter on the
estimation result is analyzed and compared. Based
on the result of trajectory prediction, an algorithm
for mark point calculation and real-time update is
proposed. Also, the estimation method of table
tennis rotation parameters is derived based on the
unscented Kalman filter. Combining the trajec-
tory prediction part and the rotation parameter
estimation part, a complete motion estimation
algorithm is constituted.

(3) An experimental verification platform is established,
and the experimental results verify the effectiveness
of the proposed algorithm.

Data Availability
∗)e data set can be accessed upon request.
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