Xu EURASIP Journal on Wireless Communications and Networking
(2020) 2020:165
https://doi.org/10.1186/s13638-020-01777-3

RESEARCH

Open Access

Research on simulation technology of
wireless sensor in swimming mechanics
Zhiwen Xu
Correspondence: jijiurongyuan925@
163.com
Department of Physical Education,
Chang’an University, Xi’an 710064,
China

Abstract
In order to improve the quantitative teaching level of swimming sports, it is
necessary to carry out quantitative analysis of swimming sports mechanics. A
method of swimming mechanics analysis based on computer simulation technology
is proposed. The ARMA model is used to analyze the mechanics of the limb
movement of swimming, the Lagrange dynamics model is used to model the
characteristics of the mechanics of swimming movement, and the distributed
characteristic parameter model of the dynamics of swimming is analyzed in the
space of six degrees of freedom. The dynamic distribution space of swimming
motion is obtained by using the forward kinematics analysis model, and the inverse
kinematics of multiple degrees of freedom is solved by analytic method, and the
global and local joint force and force parameters in swimming are estimated. The
model of swimming mechanics is realized. The simulation results show that the
proposed method is accurate and accurate in estimating the mechanical parameters
of swimming movement, and it can effectively guide swimming training.
Keywords: Computer simulation technology, Wireless sensor, Lagrange dynamic
model, Human body spatial position model

1 Introduction
A swimming competition is mainly composed of five links: starting, route, turning,
sprint, and edge technique. As the first step of the whole process, swimming and departure has great significance. With the improvement of the competitive level of swimming in the world and the increasing intensity of the competition, different water
sensations have different effects on the swimming performance of the athletes. Only by
improving the water sense of the swimmers can they become more relaxed in the
process of swimming. In order to get a better result in swimming, in this study, there
are two main methods of water sense practice, one is fist grip exercise and the other is
using water stroke exercise. If a swimmer has mastered the key points of action, but he
lacks a good sense of water, we can use the method of clenching to make athletes
tighten their double fists, avoid palm contact with the current, and use their fists to
feel the direction and strength of the current in the water. We should pay attention to
the need to control the stroke strength of the fist well, not too large [1]. By limiting
the number of strokes and using the palm of the hand to magnify the resistance
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encountered by the athletes during the stroke, the paddling method can enhance the
athletes’ feeling of water and facilitate the athletes to adjust the frequency and amplitude of their own stroke. Through the analysis of swimming movement mechanics, it is
of great significance in improving the training level and studying the swimming sports
mechanics analysis model to improve the swimming technical movement [2].
In order to realize the kinematic analysis of swimming, it is necessary to construct the dynamic model of the body and to analyze the dynamics of the body.
From the point of view of modeling theory of lower limb and knee movement
chain, the geometric control and behavior control mechanism of lower limb and
upper limb movement chain in the course of useful swimming should be analyzed
[3]. In reference [4], the kinetic energy decomposition and mechanical model of a
moving arm with 7 rotational degrees of freedom are solved by geometric method.
First, the CCD algorithm is used to make the inverse motion error between the
virtual pose and the current position and pose. The method of combining mechanical structure with inverse kinematics of human body structure is used to decompose the characteristics of lower limbs and knees during swimming, and the global
force is analyzed. In this way, it is impossible to estimate the local force mode of
each joint of the limb, and the human motion model cannot be constructed accurately. The lower limbs and knees are decomposed with 6 degrees of freedom, and
the dynamic mathematical modeling and mechanics are carried out. The composition of the algorithm is complex and the adaptability is not good [1].
Aiming to solve the above problems, this paper presents a mechanical analysis
method of swimming motion based on computer simulation technology [3]. The
ARMA model is used to analyze the mechanics of the limb movement of swimming, the Lagrange dynamics model is used to model the characteristics of the mechanics of swimming movement, and the distributed characteristic parameter
model of the dynamics of swimming is analyzed in the space of six degrees of freedom. The dynamic distribution space of swimming motion is obtained by using the
forward kinematics analysis model, and the inverse kinematics of multiple degrees
of freedom is solved by analytic method, and the global and local joint force and
force parameters in swimming are estimated. The model of swimming mechanics
is realized. Finally, the performance test is carried out through the simulation experiment, which shows the superior performance of this method in improving the
ability of swimming mechanics analysis.

2 Methods
2.1 Structure of human sports chain in swimming

In this paper, the Lagrange dynamic model is constructed, and the structure of swimming human body motion chain is analyzed in six degrees of freedom space combined
with six degrees of freedom spatial impact dynamics model construction method. The
kinetic energy of the sagittal knee impact force in swimming is decomposed and described, and the local mechanical parameters of the knee joint are solved [5]. The global analysis of the mechanical parameters in swimming process is carried out by using
the 7-bar driving structure, and the optimal solution vector is obtained. Firstly, the
spatial position model of swimming is analyzed, as shown in Fig. 1.
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Fig. 1 Human body spatial position model during swimming

In Fig. 1, the swimming field is a standard swimming field and the amplitude of
the space vector of the human body entering the water, the array spacing of the
space position of swimming [6], the elevation angle of the human body entering
the water, and the azimuth of the waist and the left (right) arm θ are correlated
with the distance S. The estimated parameters of three rotational degrees of freedom are as follows:
cτ i r 2 − c2 τ i 2
¼
þ cosφi ði ¼ 1;
r
2Rr

2…M Þ

ð1Þ

Because in swimming, the space position of entering water is a uniform linear array,
according to motion planning theory, it can be proved that:


ð2Þ
cosðφi Þ þ cos φiþM=2 ¼ 0
The dynamic decomposition structure model of inverse kinematics of swimming athM
P
letes was obtained. In the initialization study of mechanical decomposition,
cosφi is
i¼1

obtained. The azimuth distance R of the position and posture of human body in the
process of entering and leaving the water can be deduced as follows:
The joint at the palm of the world coordinate system construction, knee joint unit i
in the process of force, and the body into the water of the arm movement chain as:
Y7
Y1
4
0
i−1
i−1 − 1
T ¼
T
ð
q
Þ
¼
T ðq i Þ  T
i
i¼5  i
i¼4
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4
i
ð3Þ
ne oe ae pe
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In that kinematic chain structure of the swimming exercise human body, the joint
can be approximate as a fixed center [7], and the state equation of the motion chain of
the human body in the swimming exercise is:
m

dV
¼ P cosα − X − mg sinθ
dt

ð4Þ
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dθ
¼ P sinα þ Y − mg cosθ
dt
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ð5Þ

in which, m is the mass of the force unit in swimming, P is the moment of momentum of the right foot in the process of entering the water. θ is the rotation vector of the
joints of the two limbs. It provides a model basis for kinematic mechanics analysis [8].
2.2 Model analysis of swimming parameters

On the basis of the above model construction and kinematic chain analysis, the kinematic parameter model of swimming is analyzed, and the kinematics of swimming is
analyzed in six degrees of freedom, and the joint angle space is obtained by the forward
kinematics algorithm. Thus, the kinetic energy of the body’s functional parts in the
water is obtained as follows:
K¼

6 


1X
I i q2i þ mi x2i þ z2i
2 i¼1

ð6Þ

The upper limb mass m3 is regarded as a center of mass, and the inverse kinematics
of multiple degrees of freedom is solved by analytic method. The potential energy of
swimming athletes after entering the water is expressed as follows:

P¼

6
X

ð7Þ

mi gzi

1¼0

Under the limited conditions, the equal-position equivalent kinematic chain structure
of continuous swimming using Lagrange dynamic model is shown as follows:
Z
Z
εij dV ¼
ε ij dV
ð8Þ
V

V

The energy equivalent relationship between swimming and swimming is obtained as
follows:
Z 
Z

ð9Þ
σ ij εij dV ¼
σ ij εij dv
V

V

Under macroscopical conditions [9], the equivalent stress expression of twodimensional periodic structure for swimmers entering water is as follows:
Z
1
σ ij dV
ð10Þ
σ ij ¼
V
V

The reference coordinate system for swimming athletes to enter 7 degrees of freedom
in the right arm:
σ ij  ¼ C ijkl ε il

ð11Þ

In the water state, the joint vector of the elbow joint position of the right arm is calculated as:
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1  1
W εij 2 i ¼ j; k ¼ l; i ¼ k
V
ε ij

ð12Þ

1
1
W  εij 2 i≠j; k≠l; i ¼ k; j ¼ l
2V
ε ij

ð13Þ
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1 W  εij εkl − W  εij − W  εkl
¼
i≠j; k≠l
εij εkl
4V

ð14Þ



1 W  εij εkl − W  εij − W  εkl
¼
i ¼ j; k≠l
εij εkl
2V

ð15Þ

The homogeneous coordinate transformation matrix of swimming motion can be obtained by the calculation of the previous modulus. Based on the analysis of swimming motion parameter model, the kinetic analysis of motion mechanics can be carried out [10].

3 Model improvement design and implementation
The ARMA model is used to analyze the mechanics of the limb movement of swimming, the Lagrange dynamics model is used to model the characteristics of the mechanics of swimming movement, and the distributed characteristic parameter model of
the dynamics of swimming is analyzed in the space of six degrees of freedom [11].
Using the inverse kinematics analytical model, the total joint structure zi of swimming
under six degrees of freedom is decomposed, and the force component is calculated as
follows:
z0 ¼ 0
z1 ¼ a1 cosq1
z2 ¼ l1 cosq1 þ a2 cosq2
z3 ¼ l1 cosq1 þ l2 cosq2 þ a3 cosq3
z4 ¼ l1 cosq1 þ l2 cosq2 þ a4 cosq4
z5 ¼ l1 cosq1 þ l2 cosq2 þ l4 cosq4 þ a5 cosq5
z6 ¼ l1 cosq1 þ l2 cosq2 þ l4 cosq4 þ l5 cosq5 þ a6 cosq6

ð16Þ

Based on grid decomposition, the Lagrange dynamic model of swimming athletes
with redundancy in the right arm in water is used for continuous mechanical decomposition [12]. The forward and reverse kinematics equations of swimming athletes entering the left arm are obtained as follows:
C ijkl ¼ 2

1  1
W εij 2 i ¼ j; k ¼ l; i ¼ k
V
ε ij

1
1
W  εij 2 i≠j; k≠l; i ¼ k; j ¼ l
2V
ε ij


1 W  εij εkl − W  εij − W  εkl
¼
i≠j; k≠l
4V
εij εkl

ð17Þ

C ijkl ¼

ð18Þ

C ijkl

ð19Þ
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1 W  εij εkl − W  εij − W  εkl
¼
i ¼ j; k≠l
εij εkl
2V

ð20Þ

In which, ξ ∈ R10 is an arbitrary vector, J+pe is the inverse kinematic solution of joint
velocity, and the Jacobian matrix of swimming athletes entering the water arm is J(θ) ∈
R6 × 10, the energy equivalent relation of motion burst is obtained as follows:
θ ¼ Jþ pe þ ðI‐ Jþ JÞξ

ð21Þ

The swimming athletes enter the water waist in the three-dimensional space relative
to the movement of the inertia reference system ∑I of the lower extremity. The Lagrange dynamics experiment of swimming is carried out [13], and the dynamic analysis
model of the ankle joint is obtained as follows:
MðqÞq þ K ðq; qÞ þ H ðqÞ ¼ T

ð22Þ

in which, pt = [xt, yt, zt]T, the relation between the translation constant mL3 and mR3
in the three directions of the upper formula is expressed as follows:
xL3 ¼ l1 sinθ1 þ l2 sinðθ1 − θ2 Þ þ α3 sinðθ1 − θ2 þ θ3 Þ − α0

ð23Þ

xR3 ¼ α6 − l5 sinθ6 þ l4 sinðθ5 − θ6 Þ − α3 sinðθ4 − θ5 þ θ6 Þ

ð24Þ

mL3 xR3
¼
mR3 xL3

ð25Þ

m3 ¼ mL3 þ mR3

ð26Þ

According to the classical gradient method proposed by Liegeois, the prediction of
swimming mechanics is carried out. The relationship between the predicted value and
the real value is shown as follows:
K¼

2 

1X
1
I iq̇2i þ mi ẋ2i þ ż2i Þ þ I L3q̇23 þ mL3 ẋ23 þ ż23 ÞÞ
2 i¼0
2

ð27Þ

The distribution characteristic parameter model of swimming motion mechanics is
analyzed in the six degrees of freedom space. The dynamic distribution space of swimming motion is obtained by using the forward kinematics analysis model, and the inverse kinematics solution of multiple degrees of freedom is realized by analytic method.
The results of estimating the mechanical parameters of swimming are expressed as
follows:


8
9
t
T
>
< u1 ðt Þ ¼ Aðt Þ exp j 2πK ln 1 −
=
− < t < 0>
t0
2
uðt Þ ¼
ð28Þ
T >
>
:
;
0<t<
u2 ðt Þ ¼ u1 ð − t Þ
2
The estimated results of the inertial force characteristics of swimming are expressed
as follows:
1
τ 0 ¼ ðb 1 þ b 2 Þ
2

ð29Þ
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ð30Þ

Above all, the distribution characteristic parameter model of swimming motion mechanics is analyzed in six degrees of freedom space, and the dynamic distribution space
of swimming motion is obtained by using forward kinematics analysis model, which realizes the mechanical analysis and modeling of swimming movement.

4 Experiment
In order to test the application performance of this method in swimming mechanics analysis, the simulation experiment is carried out. The experiment is designed by Matlab 7. After the research object is determined, the experimental
results are compared and analyzed by the contrast experiment method. The specific operation is to divide 10 swimmers into a control group and experimental
group on average, and then to conduct a 200-m backstroke competition, make
good records, and then conduct training for 3 months. In the course of the experiment, the experimental group used the effective backstroke technique to
train, while the control group adopted the normal training method. The two
groups of swimmers maintained the same training time every day, and the other
training contents and intensity remained unchanged. At the end of the experiment period, the two groups of swimmers were given 200-m backstroke, then the
results of the two groups were compared, and the results of the two groups were
compared with the results of backstroke before the experiment. Finally, the comparative results were observed to find out the gap between the control group and
the experimental group, and to judge the effectiveness of backstroke technique.
After three months of training, the average results of 200-m backstroke in the
control group and the experimental group were compared with those before
training, and the simulation results of the mechanical parameters of swimming
movement were obtained as shown in Table 1.
Based on the results in Table 1, a descriptive statistical analysis is carried out, and the
results of mechanical simulation are shown in Fig. 2.
The results of the analysis show that the results of backstroke in the experimental group are obviously improved, and there is a great time difference
between the experimental group and the control group. The average result of
the backstroke in the control group is 2.1 s behind the average result of the experimental group, which shows that the effective backstroke technique is effective. It plays an important role in improving the technique of swimmers.
Network transmission simulation test during swimming dynamics transmission is
shown in Fig. 3. Network packet loss rate test during swimming dynamics transmission is shown in Fig. 4.
There is a significant difference between the two, and if P < 0.05, there is statistical
significance, and it is proved that improving the backstroke technology of swimmers
can improve the backstroke results. It can also be seen from the chart that the backstroke scores of both the control group and the experimental group were significantly
improved before and after training, in which the time used in the control group was reduced by 2.10 s, and the time in the experimental group was reduced by 3.90 s, which
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Table 1 Description of simulation results of swimming mechanics parameters
Left arm x (m)

Right arm y (m)

Stress (N)

1

2.543

3.232

34.45

2

2.921

8.232

65.32

3

8.242

6.241

29.32

4

0.421

3.445

65.92

5

8.624

6.544

6553

6

6.725

6.323

76.23

7

5.453

3.435

34.32

8

7.765

5.968

65.32

9

5.545

3.887

33.74

10

6.675

5.897

14.24

11

8.654

5.245

43.45

12

6.764

8.345

32.35

13

3.698

8.343

48.34

14

9.878

5.464

32.22

15

8.876

8.854

32.43

16

8.577

5.567

32.35

17

7.876

4.244

52.46

18

2.676

8.567

58.87

19

4.465

9.456

29.53

20

9.378

2.343

36.41

Backstroke data/KN

Swimming stress
data/KN

Collection point

Fig. 2 Results of swimming mechanics simulation
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Fig. 3 Network transmission simulation test during swimming dynamics transmission

was more obvious than that in the control group. The accuracy of the estimation of
swimming mechanical parameters by different methods is tested. The comparison results are shown in Fig. 5. The analysis shows that the accuracy of the method is higher
than that of other methods.

5 Results and discussion
In this paper, a method of swimming mechanics analysis based on computer simulation
technology is proposed. The ARMA model is used to analyze the mechanics of the limb
movement of swimming, the Lagrange dynamics model is used to model the
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Fig. 4 Network packet loss rate test during swimming dynamics transmission
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Fig. 5 Accuracy test

characteristics of the mechanics of swimming movement, and the distributed characteristic parameter model of the dynamics of swimming is analyzed in the space of six degrees of freedom. The dynamic distribution space of swimming motion is obtained by
using the forward kinematics analysis model, and the inverse kinematics of multiple degrees of freedom is solved by analytic method, and the global and local joint force and
force parameters in swimming are estimated. The model of swimming mechanics is realized. The simulation results show that the proposed method is accurate and accurate
in estimating the mechanical parameters of swimming movement, and it can effectively
guide swimming training. This method has good application value in mechanics modeling and training instruction of swimming.
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