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ABSTRACT

The technical analysis of conventional tennis sports basically focuses on individual studies, with less
research on the basic theory of tennis, and the theoretical analysis of tennis trajectory is even rarer. In
this study, based on the calculation equations of the main forces during tennis movement, the
dynamics analysis of tennis serve movement is carried out, and the three-dimensional trajectory
equations of tennis serve are established. Then, based on the ODE dynamics engine technology, the
simulation platform of tennis serve is built to realize the simulation and visualization analysis of tennis
trajectory. Since the simulation system beat frequency is 1000Hz, the time difference between tennis
simulation and actual movement is the smallest, so the frequency of 1000Hz is chosen for the
simulation study of tennis serve trajectory. The simulation results show that under the same hitting
height and ball angle, the larger the initial velocity of the tennis ball is, the farther the X-axis landing
point is from the center line. In addition, under the consideration of air resistance and Malnus force,
the difference between the Y-axis landing point of tennis ball when the initial serve angle is 30° and
60°is 1.81098 m. The present study provides a certain reference for the in-depth study of the serving
strategy of tennis ball, and at the same time, it also provides a certain theoretical basis for the
improvement of the tennis players' training method and technical playing style.

Keywords: kinetic analysis, motion trajectory, Magnus force, ODE, tennis serve simulation

1. Introduction

Tennis is known as the second largest gentleman's sport in the world, and the development of tennis
in China has made great progress in recent years as more high-level professional tennis matches have
been held in China and Chinese women's tennis players have made brilliant achievements in the world
tennis arena [1-4]. However, the current research related to tennis mainly focuses on the development
of tennis, the role of tennis education, and the analysis of tennis sports technology. There is a lack of
fundamental theoretical research on tennis trajectory [5-7]. With the rapid development of computer
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technology and the accumulation of tennis practice, the use of computer simulation technology to
simulate and emulate the trajectory of tennis has become a hot theoretical issue that needs to be solved
in tennis research [8-10].

There are mainly three kinds of tennis serves: flat serve, side spin serve and top spin serve. Without
considering the rotation of the tennis ball, the tennis ball is mainly subject to two forces in the process
of flight: the vertical downward force of gravity Fg and the air resistance Fd, which is opposite to the
direction of the tennis ball movement [11-13]. In practice, the tennis ball movement process is to
produce a certain rotation, when considering the rotation of the tennis ball movement process, the
tennis ball is not only subjected to gravity Fg and air resistance Fd, but also subjected to the Magnus
force Fm, different rotational direction generated by the direction of the Magnus force is also different,
in the process of the flat hit serve [14-17], the tennis ball lateral force is basically balanced, the two
forces are opposite, and cancel each other out! However, the upward and downward forces on the ball
are not balanced, on the one hand, it is affected by the force on the ball when hitting the ball, on the
other hand, the trajectory of the ball is downward, so the upward and downward forces on the ball are
different, which is the reason for the generation of the Magnus force, so when hitting the ball flat, the
force analysis of the ball can be only considered to produce the topspin of the ball [18-21].

In this paper, the gravity, air resistance and Magnus force during the tennis serve are modeled as the
basis for the kinetic analysis of the tennis serve trajectory. Then, based on the dynamics foundation,
the three-dimensional equations of motion and trajectory equations are constructed in tennis. The
dynamics engine ODE is used as the technical support to construct the simulation platform of tennis
serve trajectory in combination with the dynamics of tennis serve trajectory. In the simulation
platform, three-dimensional models of tennis ball and tennis court are established, and the
visualization of tennis serve trajectory is realized through collision detection and kinetic analysis. In
addition, in order to obtain good simulation results, the effects of different contact points and beat
sizes on the real-time performance of the simulation system are analyzed to obtain the optimal
simulation parameters. Subsequently, the relationship between different initial speeds and angles of
the serve and the trajectory of the tennis ball is investigated in the simulation system, so as to lay the
foundation for the study of the law of tennis serve.

2. Method

2.1. Analysis of tennis sports dynamics

During its flight, a tennis ball is mainly affected by gravity, air resistance, buoyancy and the Magnus
force. The buoyancy force has too little influence on the movement of a tennis ball compared to the
other three forces and is therefore negligible.

1) Gravity G =mg

During the flight of the tennis ball, it will always be affected by the force of gravity G in a vertical
downward direction.

2) Air resistance R

Because the diameter of the tennis ball is D, the rotation speed is @, the air viscous coefficient is
n,the air density is p, the forward translational velocity of the sphere is v, the relationship between
the air resistance of the sphere and the translational velocity depends on the Reynolds number R,.
The Reynolds number [22] is a critical index used to characterize the state of the airflow (including
laminar and turbulent flow) in fluid dynamics, and there is a great difference in the viscous resistance
of air in the laminar and turbulent states, so there is a great connection between the coefficient of air
resistance and the Reynolds number. There is a great connection between the air resistance coefficient
and the Reynolds number, but there is no theoretical mathematical expression for this connection,
mostly empirical data expression.

As an estimate, take 77 =18.1x10"°Pa-s, p=1.205kg-m™>, v=25m/s, R =p,, [u.



DYNAMIC ANALYSIS AND SIMULATION STUDY OF TENNIS SERVE TRAJECTORIES 8399

So, the Reynolds number:

R, =1.205x(40x107)x25/(18.1x10) ~6.66 x10’ (1)
Therefore, the magnitude of the resistance is proportional to the square of the translational velocity
Vi
1 e
R=—C"4 )
2
Order:
1
k= > C’A (3)

where p is the air density, A4 is the cross-sectional area of the tennis ball, and C is the drag
coefficient associated with the geometry of the tennis ball, which is taken as C =0.2. Thus, the above
equation can be abbreviated as R = kv*, then:

R= %x 0.2x1.205x 7x0.02°v* = 0.00015v 4)

3) The Magnus effect [23] is the property that arises from the motion of a self-rotating object in a
viscous fluid. In general, the main forces on an object moving in a viscous fluid are air resistance,
buoyancy and lateral pressure. When a tennis ball is hit by a racket and rotates in the air at high speed,
the air can be regarded as a viscous fluid, which generates an annular flow in the vicinity of the rotating
tennis ball. When the direction of the circulation is the same as the direction of the return flow
generated by the movement of the tennis ball, the velocity is in the same direction, which speeds up
the flow rate by superposition, and similarly slows down the flow rate when they are in opposite
directions. As the tennis ball rotates clockwise in the forward direction, the flow velocity above the
tennis ball is slow and below it is fast. According to Bernoulli's principle, the tennis ball due to the
lower part of the flow velocity is fast and the air pressure is small, the upper part of the flow velocity
is slow and the air pressure is large, the difference between the upper and lower part of the air
pressure is formed a pressure difference, which is the Magnus force.

The formula for the Magnus force is:

F, = é;rpDSnv (5)

where p for the air density, D for the diameter of the tennis ball (according to the current
international standard tennis ball diameter of 40.2mm), »n for the rotation speed, v for the speed
of the tennis ball.

The direction of the Magnus force [24] is determined by stretching out the right hand, the thumb,
index finger, middle finger two two perpendicular to each other, the thumb points to the direction of
the direction of the angular velocity of the tennis ball rotation, the index finger points to the direction
of the tennis ball speed, then the direction of the Magnus force is the direction of the middle finger.

2.2. Tennis serve trajectory construction

2.2.1. Three-dimensional equations of motion. In the three-dimensional space case, due to the tennis
ball at this time after the serve equation of motion is too complex, in order to meet the solution
accuracy in the case of more convenient to find the numerical solution of the tennis ball equation of
motion, now make this simplification: the drag coefficient is simplified to a constant, and the Magnus
force coefficient is also simplified to a constant. It can be obtained:
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F, =-0.000151%, (6)
F =0.0505vwe, xe,

The above equation can be obtained by bringing the above equation into the three-dimensional
tennis ball motion equation:

2
m T —sin 6, cos ¢, F,
—(cos 6, sin 6, sing, —sin 6, sin , cos §, ) F,
"y
m =—sing, sing F,
dr’ At 7
—(cos @, sin, cos g, —cos b, cos ¢, sin G, ) F,
2
m P —mg —cos O,F, +(cos ¢, sin 6, sin , sin g,
t
—sind, sin g, cos @, sin 6, ) F,

This can be obtained by bringing the parameters such as the mass of the tennis ball, the local
gravitational acceleration, the air density, the air density, and the air viscosity coefficient into the above
system of linear ordinary differential equations:

dv
X = —0.0556v v +v:+v]
dt x X y z

—-0.102 (Vya)z -0V, )

dv
L =—0.0556v v +Vv]+V?
dt : g (8)

—0.102(w,v, —w.v,)

z

dv
2 = _9.81-0.0556v_v: +V2 +12
dt z X y z

~0.102(-oy, +o,v,)

The parametric equation for the center of mass of a tennis ball with respect to time ¢ is obtained
by integrating the velocity of the center of mass of the tennis ball already obtained with respect to time:

x(1)= 'f; v.dt+x,
y(e)=] v dt+y, 9)
z(t)= J;Vzdl‘ +z,

2.2.2. Trajectory equations. During the movement of a tennis ball before it reaches the ground of the

opponent's court after being struck by the racket, it is mainly subjected to resistance Fy,,,, Opposite

to the direction of motion, the angle between the projection of the vertical to the xoy plane and the

o . n o
x axis is «, the rotational speed a)=2— , the gravitational force G =mg , the buoyant force
T
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l,ogizD3 (o isthe density of the air), the drag F, = %ﬂCdpDzv2 (C, isthe coefficient of

F Floating = 6

1
drag related to the geometry of the tennis ball), and the Magnus force F, = gﬂpD%vO .

The equations of the trajectory in the direction of the X, y, and z axes can be derived from the
decomposition of the motion in a spatial Cartesian coordinate system:

2
m cclltf = —(%ﬂpDznv sinf@ + %CdpﬂDzvz cos HJ cosa (10)
2
m cj{; = —(ézzpD%v sin @ +%Cdp7l'D3V2 cos 49) sina (11)
2
‘;ZZ - —(mg —épgﬂ'Dz —%ﬂpD%vcosﬁ +éCa,p7rD3 cos Hj (12)

According to the equation of the trajectory of the tennis ball, it can be seen that the force on the
tennis ball in all directions is closely related to the tennis ball linear speed v and rotational speed w,
which not only determines the trajectory of the tennis ball, but also affects the position of the tennis
ball's landing point and the direction of the tennis ball after the landing point.

2.3. ODE-based tennis simulation platform construction

ODE, known as Open Dynamic Engine [25], is an open source dynamics engine with industrial-grade
quality for simulating rigid bodies. The engine is characterized by fast computation speed, robust
simulation results, stable simulation environment, etc. It can perform real-time dynamics simulation,
especially good at simulating moving objects, and ODE can also control the simulation environment in
an interactive form. Since the engine uses a highly stable integrator, simulation errors do not become
out of control.The concept of a rigid body in ODE is similar to that of a mass in physics in that it has no
size or shape, but has the following properties. Position, described using a 3D vector, which means the
position in space of the reference point of the rigid body, which currently must coincide with the center
of mass of the rigid body. Linear velocity, described by a three-dimensional vector, which means the
linear velocity of the reference point of the rigid body in space at any moment. Attitude, described by
a quaternion or a 3 x 3 matrix. Angular velocity, described by a three-dimensional vector which
represents the speed of change of the attitude of the rigid body over time. Mass, the inertia matrix,
described by a 3 x 3 matrix which represents the distribution of the mass of the rigid body with respect
to the center of mass.

ODE-based simulation of network serve trajectory can provide a new way for network serve
teaching through technological means, which is a kind of network serve sport practice simulation
system that integrates a variety of technologies such as three-dimensional modeling, simulation and
simulation. Functionally, it can perform three-dimensional modeling, simulation processing, input and
output, and computational analysis. Modeling through ODE starts with the creation of a simulation
environment and a collision space for dynamics calculation and collision detection, respectively. Rigid
body is the main method of representation in ODE, the establishment of the simulation system needs
a rigid body representation model of the virtual object, and then through the control of this model to
complete the simulation work, and ultimately make it possible to make a realistic representation of
real-world motion. This paper makes full use of ODE technology, combined with the characteristics of
the network serve movement and its trajectory to establish the network serve movement trajectory
simulation platform in this study. The specific framework of the ODE-based tennis serve simulation
platform is shown in Figure 1, and the simulation process of tennis serve trajectory is shown in Figure
2.In its overall framework, the core of the simulation simulation system is the design of the simulation
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processing module, the role of the 3D graphics engine and dynamics engine ODE in the system. Mainly
to achieve the user to input instructions to control the action generation, and then through the collision
detection on the network serving action for real-time rendering, thus enabling users to carry out
intuitive visualization of the simulation through this simulation platform. Three-dimensional
modeling module, you need to carry out tennis modeling, ground modeling, racket modeling, ODE
already contains such as rectangular, cylindrical and other regular geometric shapes, and the tennis
serve trajectory can be obtained through the combination of these simple shapes, through the existing
three-dimensional information data and dynamic parameter data to complete the above three kinds
of modeling, and simulation experiments on the trajectory of the tennis serve. Research.

Simulation Processing Module

3D graphics
engine

Dynamics
engine

Collision
detection engine

Position
calculation

3D Modeling Module :- : Input and Output
I | Modules
' |
' |
' |
Ball table : Sulnu:‘atlon : Operation
modeling Platform command input
H General I“'
: Framework | Traiect
. | rajectory
Racket Modeling : I
i |
Other Physical : | Flight path
Parameters I : reproduction
' 1

Air resistance
calculation

Force Calculation Module

Magnus force
calculation

Gravity
Calculation

Strike
Calculation

Fig. 1. The overall framework of 3d modeling
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Environment initialization
(1) Create world, space, ground, etc.
(2) Setting the simulation tempo
(3) Initialization of data structure of ball, table, net,
racket, etc. (position, velocity, angular velocity)
(4) Force setting

l€
Ve

Display Refresh

v

Calculate three kinds of force, acceleration, linear
velocity, angular velocity, position and attitude of
the next beat, etc.

¢ N
Collision detection

v
v

Detect and process user
interaction commands

End of simulation

Fig. 2. ODE based on ode's tennis service
3. Results and discussion

3.1. Simulation system real-time testing and analysis

In the network serve motion simulation system constructed in this paper, the collision between the
ball and the racket as well as between the ball and the ground can be represented as a basic geometric
type of collision, e.g., the collision between the ball and the ground can be represented as a collision
between a sphere and a rectangle, and the collision detection engine that comes with the ODE is fully
capable of performing collision simulation. The engine needs to know the shape information of the
two colliding objects. After each simulation step, the collision detection engine indicates which two
objects will collide in the virtual space and returns the collision information to the user, who
establishes a contact link with the returned information. Usually, the more contact information
returned to represent the collision, the more accurate the simulation of the collision will be, but each
additional contact information will slow down the simulation and affect the real-time performance of
the simulation system, so it is necessary to make a balance between accuracy and real-time
performance. In this paper, we determine the number of contact points to be used by testing the effect
of different numbers of contact points on the trajectory of a network serve after a collision.

3.1.1. Number of contacts and trajectory analysis. Firstly, different numbers of contact points are
selected to test its effect on the trajectory of the tennis serve, and the results of the simulation
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experiments are shown in Fig. 3, in which the intersection point of several curves is the collision point
of the ball and the ground. It can be seen that the trajectory of the tennis ball is changed after the tennis
ball is served and collided with the ground, but the maximum offset distance is less than 0.5mm in the
flight distance of nearly 7m with different numbers of contact points.The two points (20 point and 10
point) with the largest difference in the offset are indicated in the figure, and the two offsets are
1.25778E-4m and -2.47849E-4m, respectively. 2.47849E-4m, the difference is only about 0.374mm.
That is to say, the difference in the number of contact points has a negligible effect on the trajectory of
the tennis serve. However, every additional contact point will make the simulation slower, in order to
ensure the real-time simulation system without affecting the accuracy of the simulation system, the
number of contact points can be reduced, in this paper's network serve motion simulation system, 10
collision contacts are used to record the collision information returned by the collision detection.

0.00015
0.00010 —\ Offset distancé
1.25778E-4
0.00005
. 0.00000 ~— . _
B S
2 -0.00005 AN T~
£ * S
> ~
© .0.00010-
===-10 point o
-0.00015 y——20 point \\
— = 30 point "
-0.00020 40 point =2.47849E-4 AN
— - =50 point N
-0.00025 +=—=r=r=r=———=— =
20 -1 0 1 2 3 4 5 6 7

Distance of fly(m)
Fig. 3. The influence of different contact points on the trajectory of motion

3.1.2. Analysis of the impact of beat size on real-time performance. In the network serving motion
simulation system, the size of the beat has a great influence on the simulation real-time performance.
Although the smaller the beat, the higher the real-time performance, but in the beat of 300Hz or less,
the phenomenon of penetration occurs when the tennis ball collides with the ground in the simulation
system, which is inconsistent with the facts. This section analyzes the effect of different beats on the
real-time performance of the tennis serve motion simulation system. After setting the step length and
beat, the free-fall motion (without rotation) is tested at a height of 10 meters from the ground. The
number of calculations required for the free-fall motion after the tennis serve under different
gravitational acceleration and different frequencies were recorded as shown in Table 1. There is a big
difference in the number of calculations required for a tennis ball to free fall 10m under different
frequencies. Although the same is falling from a height of 10m, the number of updates to the motion
state of the tennis ball object in the virtual simulation world in a specific time is different due to the
different frequencies in the whole process. When the acceleration is -1 m/s”, the number of
calculations required for beats 200Hz and 3000Hz are 779 and 12318 times respectively, which
indicates that the larger the frequency is, the more real-time calculation tasks need to be accomplished
in a specific time, and the greater the impact on the real-time performance of the simulation. In
addition, for acceleration of -1m/s* and -10m/s”, and beat of 200Hz, the number of computations
required by the simulation platform is 779 and 393, respectively.

Table 1. The results of the calculation are required

Beat 200Hz 400Hz 800Hz 1000Hz 2000Hz 3000Hz
-1m/ s’ 779 1500 3428 3628 7126 12318
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2m/ s’ 778 1483 3199 2803 6544 12188
-4m/ s’ 633 1334 3177 2317 4462 9524
-6m/ s’ 492 1039 2870 2287 3581 7164
-8m/ s’ 475 1031 2790 1737 3031 6774
-10m/ s° 393 622 2565 1311 2910 6105

This paper also analyzes the actual time required for a tennis ball to fall from a height of 10m in the
real world after the ball is served by the network, and the time required for a tennis ball to fall under
different gravitational accelerations in the simulation and the real environment is analyzed as shown
in Table 2. The absolute value of the difference between the time required for a tennis ball to fall 10m
in free fall and the time required for real movement under different gravitational accelerations and
different frequencies is analyzed as shown in Table 3. In the case of low frequency 200Hz and 400Hz,
the difference between the simulation time and the real time of the tennis ball free-fall movement
reaches 0.0189 and 0.0186s on average, which is a large error. When the frequency is increased to
1000Hz, 2000Hz and 3000Hz, the average value of the difference between different gravitational
acceleration and the real movement time is 0.0074, 0.0077 and 0.0083s respectively, which are all
below 1ms and almost negligible. At the same time, it can be found that although the frequency is
greater than 1000Hz, the time difference with the real motion is below 1ms, and the effect on the
simulation results is almost negligible. However, when the frequency is 1000Hz, the time difference
between the tennis simulation motion and the real motion is the smallest, so this paper chooses the
frequency of 1000Hz to carry out the simulation study of the tennis serve motion trajectory.

Table 2. Free fall time analysis (unit: s)

Beat 200Hz 400Hz 800Hz 1000Hz 2000Hz 3000Hz Actual
-1m/ s* 4.5042 4.4909 4.4962 4.4926 4.4997 4.5003 4.4932
2m/ s’ 3.4421 3.4412 3.4281 3.4412 3.4122 3.4059 3.4023
-4m/ s’ 2.6151 2.6389 2.6498 2.6448 2.6512 2.6597 2.6456
-6m/ s’ 1.8135 1.8015 1.8432 1.8063 1.8142 1.8134 1.8092
-8m/ s’ 1.5404 1.5677 1.5554 1.5152 1.5263 1.5283 1.5153
-10m / s° 1.407 1.4075 1.408 1.4032 1.4123 1.4119 1.4041

Table 3. The simulation time and the actual time difference value (unit: s)

Beat 200Hz 400Hz 800Hz 1000Hz 2000Hz 3000Hz
-1m/ s* 0.011 0.0023 0.003 0.0006 0.0065 0.0071
2m/ s’ 0.0398 0.0389 0.0258 0.0389 0.0099 0.0036
-4m/ s’ 0.0305 0.0067 0.0042 0.0008 0.0056 0.0141
6m/ s’ 0.0043 0.0077 0.034 0.0029 0.005 0.0042
-8m/ s’ 0.0251 0.0524 0.0401 1E-04 0.011 0.013
-10m/ s° 0.0029 0.0034 0.0039 0.0009 0.0082 0.0078
Mean value 0.0189 0.0186 0.0185 0.0074 0.0077 0.0083

3.2.  Simulation verification results

Tennis serve sports practice shows that for high-level players, the height of the ball is the primary
factor affecting the quality of their serve, so the height of modern tennis players show a gradual
increase in height, but for the same player, the height of the ball is relatively fixed, but the location of
the ball and the swing speed can be varied, therefore, in the simulation simulate the fixed height and
the location of the ball with different batting speeds. Therefore, we simulate the trajectory of tennis
ball under the different speeds of fixed height and hitting position in the simulation. The tennis ball
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trajectory under different hitting angles with fixed hitting height and hitting speed is simulated in two
cases. According to the above model of tennis serve equation of motion, the parameters of tennis ball
trajectory are determined, including the height of the tennis ball from the ground when it leaves the
racket h, the initial velocity ¥, the angle between the initial velocity and the direction of each
coordinate axis 6,, ¢,, «,,and the rotational angular velocity .

The simulation and analysis experiment of the dynamics of tennis ball trajectory is divided into two
parts, the first part is to study the effect of the initial velocity of tennis ball on its trajectory under the
same hitting height and angle of the ball. The second part of the experiment is to study the effect of
tennis ball exit angle on the trajectory of tennis ball under the same hitting height and exit speed.

3.2.1. Trajectory Analysis for Different Initial Velocities of the Serve. Under the same hitting height
and angle, the simulation parameters of the effect of different initial speeds on the trajectory of the
tennis ball are shown in Table 4. The mass and density of the simulated tennis ball are 0.052kg and
1.234 kg /m’ respectively, and the height h of the tennis ball from the racket is set to 2.72m from the
ground.

Table 4. Different initial speed simulation parameters

Parameter Value Parameter Value
g 9.56m / s° ?, 8.65°
m 0.052kg a, 99.63°
P 1.234kg/ m’ w 45rad/s
d 0.0664m CL 0.48
h 2.72m C, 0.36
0, 97.63° —_ —_

The results of the relationship between the initial velocity of tennis serve and the landing point are
shown in Fig. 4, (a) and (b) represent the relationship between the initial velocity of tennis serve and
the X coordinate of the landing point and the Y coordinate of the landing point, respectively.The
effective ranges of the X-axis and the Y-axis are the ranges of the effective landing points, which are -
0.89069m<X<-1.28132m and 12.29994m<Y<15.97283m, respectively.Under the consideration of the
air resistance and Magnus force, the tennis ball landing point has an error with the ideal tennis ball
landing point, and the more the speed of the ball, the more the error. Under the consideration of air
resistance and Magnus force, there is an error between the tennis ball landing point and the ideal
tennis ball landing point, and the faster the ball speed is during the tennis ball movement, the bigger
the error is. In the case of the same hitting height and ball angle, the greater the initial speed of the
tennis ball, the farther the X-axis landing point is from the center line. Considering the air resistance
(-1.28132m) and Magnus force compared with the case without (-1.24666m), the tennis ball lands
further away from the center line in the X-axis. The greater the initial velocity of the tennis ball, the
farther away the Y-axis landing point is for the same stroke height and angle of exit. Without
considering the air resistance and Magnus force, the Y-axis landing point of the tennis ball increased
from 13.46859m to 15.97283m when the initial velocity increased from 30m/s to 60m/s. In addition,
it was found that the tennis ball landed closer in the Y-axis when considering the air resistance and the
Magnus force than when not considering them (15.97283m > 14.17741m). This simulation verifies
the effect of air resistance and Magnus force on the trajectory of the tennis ball.
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Fig. 4. The relationship between the speed of the tennis serve and the falling point

3.2.2. Simulation Analysis of Different Ball Output Angles. The results of the analysis of the
relationship between the tennis serve angle and the drop point are shown in Fig. 5, with (a) and (b)
representing the relationship with the X-axis drop point and the Y-axis drop point, respectively. In the
case of the same hitting height and ball speed, the larger the initial angle of the tennis ball, the closer
the initial angle is to the horizontal direction, and the farther the Y-axis drop point is. Considering the
air resistance and the Marnus force, the difference between the Y-axis landing point of the tennis ball
when the initial serve angle is 30° and 60° is 1.81098 m. The results of this simulation experiment
show that in the process of tennis ball serving and hitting the ball, it is necessary to choose the
appropriate hitting angle, or else the serve will be easy to miss.

0.4 - -%- - Consider air resistance and magnus| T -%- - Consider air resistance and magnus
0.240.10255 —@—Ignore air resistance and magnus —@— Ignore air resistance and magnus
0.0 1
-0.2  The distance
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-0.8 1 i
-1.0 ;
]
-1.2 1 !
! -1.26299—
-1.4 T T T T T T
75 76 77 78 79 80 81 82
Initial Angle(°) Initial Angle(°)
(a) Initial speed and drop X (b) Initial speed and drop Y

Fig. 5. Simulation results of tennis Angle simulation analysis

4. Conclusion

In this study, based on the kinetic theory of tennis serve movement process, the motion trajectory
modeling is carried out, and the ODE technology is equipped to realize the simulation and analysis
system of tennis serve motion trajectory.

After testing and analyzing the simulation system, it is found that the two points (20 point and 10
point) with the largest offset difference are 1.25778E-4m and -2.47849E-4m respectively, which are
only about 0.373mm. Therefore, 10 collision contacts are used to record the collision information
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returned by the collision detection in the network serving motion simulation system of this paper. In
addition, when the frequency is 1000Hz, the time difference between the tennis simulation motion
and the actual motion is the smallest, so the frequency of 1000Hz is chosen for the simulation study of
the tennis serve motion trajectory. The simulation experiments show that under the same hitting
height and ball angle, the larger the initial velocity of the tennis ball is, the farther the X-axis landing
point is from the center line. Without considering the air resistance and Magnus force, when the initial
velocity increases from 30m/s to 60m/s, the Y-axis landing point of the tennis ball also increases from
13.46859m to 15.97283m.Meanwhile, it is found that the difference between the Y-axis landing point
of the tennis ball and the Y-axis landing point of the tennis ball at the initial serve angle of 30° and 60°
is 1.81098m when considering the air resistance and the Magnus force.lt is suggested that the
difference between the Y-axis landing point of the tennis ball and the Y-axis landing point of the tennis
ball is 1.81098m during the process of tennis serve and stroke. Tennis serve and stroke process, it is
necessary to choose the appropriate stroke angle, otherwise the serve is easy to miss.

The research in this paper lays a good foundation for the study of tennis sports law, which can help
tennis players or fans to understand the theory of tennis serve intuitively and improve the practical
skills.
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