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In order to improve the planning ability of the badminton backcourt stroke line, this study designs a badminton backcourt stroke
line planning method based on deep learning. Firstly, the trajectory adaptive learning method of motion primitives is used to
design the hitting line nodes and path space, so as to construct the shortest distributed grid structure model of the hitting line.
Then, the constraint parameters of hitting route planning are analyzed, and then the hitting position and player posture are
controlled according to node positioning and shortest path optimization deployment. Finally, the adaptive optimization of the
route planning process is realized by combining the deep learning method. The simulation results show that this method has good
learning control ability and good convergence performance and improves the reliability of badminton backcourt hitting

line planning.

1. Introduction

With the popularization of badminton training, higher re-
quirements are put forward for the efficient training and
pertinence of badminton. The key factor for the improve-
ment of effects of badminton training is the badminton
backcourt stroke line planning. It is necessary to build an
optimized badminton backcourt stroke line planning model,
combined with the optimization control method of the
badminton backcourt stroke line, adopt artificial intelligence
learning algorithm, realize the planning and design of the
badminton backcourt stroke line, and improve the stability
and reliability of the badminton backcourt stroke, and the
design of the relevant badminton backcourt stroke line
planning model is of great significance in guiding the op-
timal training ability of badminton [1].

With the steady improvement of the national economic
development level and the continuous progress of the so-
ciety, badminton is increasingly loved by the masses. Bad-
minton has great sporting advantages. It is not restricted by
the site. In addition, it does not require any sports cost
investments. Any open place can facilitate people’s sports, as
long as a pair of rackets and a ball. In addition, badminton is
also very helpful to exercise people’s endurance and control.

It can also move a variety of joints of the human body, which
is very beneficial to enhance physique. However, although
badminton has become a popular fitness sport in China and
has no sports requirements for ordinary badminton lovers,
professional badminton athletes are required to have strong
professional skills. They are found through many investi-
gations and practices. The use of multiball training can
greatly promote the improvement of badminton players’
professional skills [1].

In the traditional methods, the intelligent planning
methods for the badminton backcourt stroke line mainly
include the badminton backcourt stroke line planning
method based on the small-world model [2]. By constructing
the grid model of badminton backcourt stroke line planning,
combined with spatial grid optimization, the badminton
backcourt stroke line planning and design are realized. Based
on the method of badminton backcourt stroke line based on
ant colony optimization [3], the intelligent planning and
design of the badminton backcourt stroke line are based on
the node positioning and path optimization control of the
badminton backcourt stroke line, and the design is realized
through the intelligent planning algorithm. And the bad-
minton backcourt stroke line planning method based on
tuzzy PID [4] uses the shortest path optimization and spatial
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parameter estimation, combined with the double pro-
gramming method, to realize the badminton backcourt
stroke line planning. Josue et al. [5] studied the movement
pattern of top international male and female badminton
players during BMF World Championships. Hung et al. [6]
applied the landing strategies in badminton footwork
training. Eason et al. [7] analyzed the effects of proactive
interference on the learning of backhand strokes.

However, the adaptive optimization ability of the
above traditional methods for badminton backcourt stroke
line planning is not good, and the spatial positioning
ability is not strong. Therefore, aiming at the above
problems, this paper proposes a method based on deep
learning for the planning of the badminton backcourt
stroke route. First of all, the motion primitive trajectory
adaptive learning method is used for the planning and
designing of badminton backcourt hitting line nodes and
path space. Furthermore, the segmented route optimiza-
tion control method is used for the node positioning and
shortest path optimization deployment of the badminton
backcourt hitting line. Then, by the use of vertical model
measurement and modeling method, the figure model
design of the badminton backcourt hitting line is realized.
Additionally, the badminton backcourt hitting position
and athlete’s posture are followed to carry out the linear
iterative optimal control. Combined with the deep
learning method, the adaptive optimization of badminton
backcourt hitting route planning and the motion path
planning and design of the target position are appre-
hended. Finally, the simulation test analysis is carried out
which shows the superior performance of the proposed
method in improving the ability of badminton backcourt
stroke line planning.

2. Badminton Backcourt Hitting Line
Distribution Grid Model and
Parameter Analysis

2.1. Grid Model of Badminton Backcourt Hitting Line
Distribution. In order to realize the badminton backcourt
stroke line planning based on deep learning, the motion
primitive trajectory adaptive learning method is used to plan
and design the badminton backcourt stroke line nodes and
path space. Firstly, the badminton backcourt stroke line
distribution grid model is constructed [8, 9], and the lo-
cation node distribution of the badminton backcourt stroke
is obtained, as shown in Figure 1.

According to the location node distribution of the
badminton backcourt stroke shown in Figure 1, the
shortest path optimization parameter analysis model of
badminton backcourt stroke line planning is constructed
by using the spatial path-distributed reorganization and
optimization control method. According to the geometric
description of athletes and the environment [10], the target
node optimization of badminton backcourt stroke line
planning is carried out [11]; according to the intelligent
planning of the badminton backcourt hitting line, the node
transmission load is

Journal of Mathematics

[VF(x)]; = F(x)- Rot[v; (x) — F(x)], (1)

where F (x) represents the objective function of badminton
backcourt stroke line planning and v; (x) is the local optimal
parameter set of badminton backcourt stroke line distri-
bution. Using the Newton gradient descent algorithm, the
parameter estimation and optimization design of badminton
backcourt stroke line intelligent planning are carried out
[12]. It is obtained that the distribution of random pa-
rameters in the badminton backcourt stroke line configu-
ration space is

1

= F(x) 2}; [VF(X)]j - v (x). (2)

2
[V F (x)]kj
Combined with the random parameter distribution re-
sults, the shortest path optimization parameters from the
initial node to the target node are analyzed, and the linear
programming model of path parameters is obtained:

1
I(v,) = Tran(P, - Py) + ————— 3
Y vEel @

where Tran (P, — P,)) represents the translation amount of
the path position of the target node. On the differential
manifold, according to the analysis of random parameters in
the shape space, the path optimization of badminton
backcourt hitting line intelligent planning is carried out, and
the path optimization equation is

T(t) = JZO I(v,)dv + Tran (P, — P,). (4)

The shortest path optimization method is used to design
the adaptive spatial parameters of badminton backcourt
stroke line planning, and the optimal solution in the dis-
tribution nodes v,, v;,, and v, of the badminton backcourt
stroke line is expressed as

I(v,) :”va+vb+vc||2—ZT(t)—l(vv). (5)
t=1

The segmented route optimization control method is
adopted to design the badminton backcourt hitting line
distribution grid model, and the shortest path planning
design is adopted to obtain the badminton backcourt hitting
line shortest distribution grid structure model, as shown in
Figure 2.

To sum up, taking the shortest path as the optimization
objective function and using the motion primitive trajectory
adaptive learning method, the badminton backcourt hitting
line node and path space planning and designing are realized
in the grid structure model, so as to improve the ability of
route planning.

2.2. Analysis on Constraint Parameters of Badminton Back-
court Hitting Route Planning. The visual servo moving route
optimization control method is adopted to carry out the
node positioning and shortest path optimization deploy-
ment of the badminton backcourt hitting route. Under the
node coordinate system, the constraint parameter
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FiGure 1: Location node distribution of the badminton backcourt stroke.
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FIGURE 2: The shortest line distribution grid structure model of the
badminton backcourt stroke.

optimization distribution of badminton backcourt hitting
route planning is X; (¢). In the configuration space starting
from the initial posture of badminton backcourt hitting, the
line parameter estimation model of badminton backcourt
hitting is obtained. Its expression is

T, -U,
AS(t) = ;11(%) +(§<,~(t)0)’ (6)

where T, and U, respectively, represent the shortest dis-
tribution distance and pose distance of the badminton
backcourt hitting line obtained by using the depth camera.

Vo =||p"|| + \Ts + AS (D). (7)

where T} represents the deep learning fusion feature dis-
tribution set for badminton backcourt stroke line optimi-
zation and p' = (p, p), p))T represents the shortest line
fusion parameter of the badminton backcourt stroke line.

Combined with the spatial three-dimensional informa-
tion sampling method, the depth learning gradient function
of badminton backcourt hitting route planning is

Rr = VAT + AU + minV, (8)

where AT and AU represent the shortest distribution dis-
tance and average position distance of the badminton
backcourt hitting line, respectively. Using the method of
three-dimensional model measurement and modeling, the
figure model design of the badminton backcourt hitting
circuit is realized [13]. The characteristic distribution
function of the badminton backcourt hitting circuit is x;, y;,
and z;. According to each depth projection corresponding to
a programmable badminton backcourt stroke line, the fuzzy
control equation of line space planning is obtained:

i_lTi _ Rr— 3%+ yi + Zi, (9)

s+cC

where s represents the positioning error of the badminton
backcourt hitting line and C represents the optimization
parameters of badminton backcourt hitting line planning.

In the process of badminton backcourt stroke line
movement, the starting point of the badminton backcourt
stroke line is Py, P, P,,...,P,, and the normal vector of
each point is T.

According to the above analysis, the optimization pa-
rameters of badminton backcourt stroke line planning are
obtained, so as to locate the nodes of the badminton
backcourt stroke line and deploy the shortest path
optimization.

3. Optimization of the Badminton Backcourt
Stroke Route Planning Model

3.1. Deep Learning of Badminton Backcourt Stroke Route
Planning. According to the analysis results of constraint
parameters of badminton backcourt stroke line planning,
combined with the deep learning method, the intelligent
planning and design of the badminton backcourt stroke line
are carried out. Given the spatial planning matrix of the
badminton backcourt stroke line [14], according to the
three-dimensional point cloud information of the scene, the
error measurement parameter of badminton backcourt
stroke line planning is



_x() -1
"~ h(t,u)

+P,, (10)

where x(t) represents the three-dimensional point cloud
information points of the badminton backcourt scene and
h(t,u) represents the evaluation parameters of the line
planning response.

On any M x N-dimensional matrix A, combined with
iterative optimization and moving parameter analysis, the
in-depth learning control of badminton backcourt stroke
line planning is carried out, and the in-depth learning
quadratic programming model of badminton backcourt
stroke line planning composed of N decision variables is
obtained, which is expressed as

F(x)=1-+VA+h(t,u). (11)

An adaptive optimization model of the badminton
backcourt hitting line is constructed by using the method of
double linear programming, which is expressed as

n=+\E(MA) + E(MB) - J:OF(x)dx, (12)

where E(MA) represents the fuzzy membership function
value of badminton backcourt stroke line planning and
E(MB) represents the inner product parameter of the
badminton backcourt stroke line orientation vector.

Through experimental analysis, the stability parameters
of the badminton backcourt stroke are estimated, and the
optimization function of the equilibrium point position is
obtained, which is expressed as

2

*

nt

K=f+2|rtf (13)
2

where 7 is the location information in the process of bad-
minton backcourt stroke line planning, f is the fuzzy state
characteristic quantity of badminton backcourt stroke line
distribution, and ¢ is the time interval of badminton
backcourt stroke line optimization.

Based on the optimization results of the equilibrium
point position, the optimized depth learning planning
function is obtained as

E[VA]=|\/1+K|+JOOf(t)dt. (14)
0

To sum up, the in-depth learning optimization design
of badminton backcourt hitting line planning is realized,
and on this basis, the optimization control design is carried
out.

3.2. Optimal Control of Badminton Backcourt Stroke Route
Planning. Based on the deep learning spatial parameter
fusion model of badminton backcourt stroke line planning,
the deviation parameter analysis model of the badminton
backcourt stroke line is analyzed, and the entity prediction
sequence distribution of badminton backcourt stroke line
planning is expressed as

Journal of Mathematics

Q =2VK+ ) (E[VA]-1)% (15)

A=1

In the process of continuous optimization of the bad-
minton backcourt hitting line, the adaptive learning ap-
proximation control function for line optimization is
obtained:

L=]Q - E[VAP| +5 (16)

Based on the trajectory optimization and parameter
fusion method, the characteristic parameters of the bad-
minton backcourt stroke line planning optimization process
are described as

NQ-L (17)

Combined with the results of characteristic parameters,
discuss according to the method of trajectory learning and
data fusion, and the degree of freedom trajectory of the
badminton backcourt hitting line is expressed as

y(®) =[G+1]-y(VQ - L), (18)

where G is the global transfer matrix. Using the two-degree-
of-freedom learning model, the depth learning function of
the badminton backcourt stroke is

© y(®)
0 (5 9) dt +

Li—-y
g(x,y)

(19)

flxy) = J
where g(x, y) and e(x, y) represent the independent vari-
ables and constraint variables of badminton backcourt
stroke path optimization control, respectively.

Through the fusion decision, the fuzzy decision coefhi-
cient is 02. Under the single degree of freedom, the inertial
tracking parameter model of the badminton backcourt
hitting path is

& f(xy)
* > )Y + 9gi 2
g; = ZT’ + 0, (20)
where I represents the point set of badminton backcourt
stroke path distribution, R represents a normative constant,
x represents the reliability constraint parameter of bad-
minton backcourt stroke path optimization, and y represents

the two-dimensional spatial planning set of the badminton
backcourt stroke path. Its calculation formula is

> 1

gi=\1-0, % (21)

It is assumed that the spatial distribution of the bad-

minton backcourt hitting path is M x N. M and N corre-

spond to the length and width of the spatial distribution of

the badminton backcourt hitting path, and the optimal

control function of badminton backcourt hitting path
planning is
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FiGure 3: Original path of the badminton backcourt stroke.

i (M xN)
VM. =27t "7 7 o (22)
(M) === =1+ 3i

Among them, AU is the gradient parameter of bad-
minton backcourt stroke path planning. Combined with the
deep learning method, the optimal path planning control
convergence formula is obtained:

PN g (23)
14 (M mi)

where p(x, y) represents the convergence parameter set.
To sum up, the linear iterative optimal control is carried
out according to the badminton backcourt hitting position
and player posture, so as to realize the adaptive optimization
of badminton backcourt hitting route planning and the

motion path planning and design of the target position.

4. Simulation Experiment

In order to test the performance of this method in realizing
badminton backcourt stroke path planning, the simulation
test is carried out. The parameters are set as that the spatial
parameters of the badminton backcourt stroke are 200 * 300,
the number of entities of backcourt stroke path planning is
n = 300, the maximum number of iterations of deep learning
is 250, and the coefficient of adaptive learning is 0.37. The
original path of badminton backcourt hitting in different
groups is obtained, as shown in Figure 3.

Taking the original path in Figure 3 as the experimental
data, this method is used to optimize the badminton
backcourt hitting position and player posture, and the op-
timized path planning results are shown in Figure 4.

According to the analysis of Figure 4, the route planning
and adaptive optimization of the badminton backcourt
stroke can be effectively realized by using this method, and
the optimization effect is obvious.
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FIGURE 4: Optimized badminton backcourt stroke path planning
results.
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FIGURE 5: Comparison of convergence of badminton backcourt
hitting route planning.

In order to further verify the superior performance of
this method, the badminton backcourt stroke route planning
method based on the small-world model, the badminton
backcourt stroke route planning method based on ant
colony optimization, and the badminton backcourt stroke
route planning method based on fuzzy PID are used as
comparison methods to test the convergence ability of
badminton backcourt stroke route planning under different
methods. The comparison results are shown in Figure 5.

The analysis of the above simulation results shows that
the convergence performance of this method for badminton
backcourt stroke path planning is better, which is obviously
better than other methods. It shows that this method has
strong adaptive planning ability for badminton backcourt



stroke path planning and can effectively improve the reli-
ability of badminton backcourt stroke path planning.

5. Conclusions

In this study, an optimized badminton backcourt stroke line
planning model was constructed which is based on deep
learning. Combined with the optimization control method
of the badminton backcourt stroke line, the artificial in-
telligence learning algorithm was used to realize the bad-
minton backcourt stroke line planning and design. The
adaptive learning method of motion primitive trajectory was
used for the planning and design of badminton backcourt
hitting line nodes and path space. Moreover, the shortest
path optimization parameter analysis model of badminton
backcourt hitting line planning was constructed. Further-
more, the piecewise route optimization control method was
used to design the badminton backcourt hitting line dis-
tribution grid model. The combination of the deep learning
method and the intelligent planning of the badminton
backcourt stroke line was carried out. Given the spatial
planning matrix of the badminton backcourt stroke line, the
error measurement parameters of badminton backcourt
stroke line planning were obtained according to the three-
dimensional point cloud information of the scene, so as to
realize the adaptive optimization of badminton backcourt
stroke line planning and the motion path planning and
design of the target position. The analysis showed that the
proposed method has good adaptive optimization and
control ability and strong convergence.
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