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In order to improve the teaching e�ect of sports dance, this paper analyzes the traditional dance teaching motion capture, uses
sensor motion perception algorithms to capture sports dance motion perception, and designs an intelligent sensor system that can
be used for sports dance motion capture. Moreover, this paper combines the digital �lter algorithm to design the hardware system
structure of the sports dance motion capture system and builds a motion capture system for sports dance teaching based on the
digital �lter algorithm according to actual needs. In addition, this paper combines the simulation test to evaluate the performance
of the system designed in this paper. �e research results show that the motion capture system for sports dance teaching based on
the digital �ltering algorithm proposed in this paper can play an important role in sports dance teaching and e�ectively improve
the e�ciency of sports dance teaching.

1. Introduction

�e motion capture system was �rst applied to animated
�lms and gradually expanded to be applied to the training
system of athletes, sports analysis, etc. �e motion capture
system is mainly composed of sensors, signal acquisition
equipment, data transmission, and data processing. �ese
are mechanical, electromagnetic, and optical. �e sports
dance data collected by the motion capture system is input
into the 3D animation software and can be perfectly dis-
played through the virtual display engine. Motion capture
technology is a technology that turns human motion in-
formation into a computer that can be recognized [1]. �e
captured data can convert the human body’s movements in
real three-dimensional space into virtual three-dimensional
space data on the computer. �e motion capture system �rst
captures the motion of the human body and then maps the
captured motion to a computer-generated virtual model [2].
�e object of motion capture is the motion of the model. It
pastes special mark points “Marker” on the joint points of
the model and then uses the capture lens of the motion
capture device to sample the position of these mark points in
space, thereby generating a set of motion data that can be

recognized by the computer. Once we have the motion data,
we can enter the 3D animation software and build the 3D
human body model in the 3D animation software. Each
three-dimensional model is a polygonal mesh model, which
simulates the dancer’s standard body as much as possible,
and the facial features also adopt the main facial features of
various ethnic groups [3].

After the establishment of the human body model,
clothing and apparel models must be established; various
sports dances and national costumes are di�erent, so it is
necessary to establish multiple sets of clothing and apparel
models distinguished by men and women. After the above
model is established, it is necessary to create a three-di-
mensional skeleton that accurately corresponds to the model
to prepare for the next step of skinning. Skinning is to
combine the bones with the model so that the model and the
bones are bound together correctly. At the same time, the
binding of various clothing and apparel should be done, and
then the data collected by the motion capture system should
be imported and combined with the three-dimensional
animation.�e combination of bones drives the 3Dmodel to
generate animation. �ese animations can be easily im-
ported into the virtual presentation platform and can also be
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rendered into video files for presentation, saving, etc., in
preparation for subsequent applications.

(e emergence of various information technologies has
brought innovation power to the development of art forms.
Virtual technology is the simulation of real scenes, and its
design, display, and viewing technology are becoming more
and more mature. For art education, virtual reality provides
new opportunities for the construction and display of
professional courses. College teachers should take the ini-
tiative to accept the challenges brought by new technologies,
design more suitable and interesting courses for students,
and bring them to art education. Innovation. Sports dance
education usually uses on-site teaching, and students gen-
erally comprehend the knowledge and skills of sports dance
by imitating the movements of the teacher. General online
course teaching is only a two-dimensional display of
knowledge, and the simple interaction between teachers and
students is not suitable for sports dance education.

(is article combines the digital filter algorithm to
construct the motion capture system of sports dance
teaching, changes the current sports dance teaching method,
applies intelligent teaching to the motion capture of sports
dance, and improves the teaching effect of sports dance.

2. Related Work

Segmentation is based on simple actions, so-called simple
actions, such as raising hands, raising legs, etc. Based on the
idea of kinematic characteristics, the change of linear ve-
locity, angular velocity, acceleration, energy, and other
characteristics are used to determine the position of the split
point. Reference [4] used angular velocity as the segmen-
tation feature to determine the motion boundary by using
the angular velocity zero crossing (ZVC) method to de-
termine the motion boundary, calculate the sum of the
angular velocity of each joint point on the arm, and set the
threshold for comparison to determine the split point.
Literature [5] uses the method of calculating the linear
acceleration zero-crossing point and the curvature to seg-
ment the hand motion boundary, and the point where the
calculation result is greater than the set threshold is the
segmentation point. Literature [6] uses linear velocity as the
segmentation feature, taking armmovements as an example,
calculates the sum of the linear velocities of joint points, and
the points below the set threshold are the segmentation
points. Literature [7] is based on kinematics characteristics
while considering the changes of linear velocity and cur-
vature. When two features are reduced at the same time, it is
defined as a split point. (e segmentation algorithm based
on kinematic features is very effective for the segmentation
of low-level semantic actions. (e dimensionality reduction
segmentation algorithm based on unsupervised learning
adopts the idea of clustering dimensionality reduction. (is
type of algorithm mainly performs segmentation processing
for high-level semantic actions, such as running, window
cleaning, and other complex actions. Literature [8] uses
three segmentation algorithms based on time series.(e first
is principal component analysis (PCA), which performs
dimensionality reduction processing on motion capture

data, and maps the data from high-dimensional space to
low-dimensional space without affecting the original data.
Under the premise of information, calculate the projection
error and divide the data in the low-dimensional space,
which greatly reduces the amount of calculation; the second
method is to introduce a probability model on the basis of
PCA, calculate the Mahalanobis distance, and determine the
division point; the third method is to use the Gaussian
mixture model (GMM) segmentation algorithm to obtain
the segmentation points by calculating the mathematical
expectation maximization. Literature [9] uses the principal
component analysis (PCA) segmentation algorithm. Liter-
ature [10] proposed the use of a Gaussian mixture model
segmentation algorithm based on principal component
analysis (PCA), which first uses PCA to reduce the di-
mensionality of the motion capture data and then calculates
the maximum likelihood function of the Gaussian mixture
model to achieve clustering segmentation. Literature [11]
uses the Gaussian mixture model algorithm based on
K-means clustering. Literature [12] proposed an automatic
segmentation algorithm for motion capture data based on
Kernel Principal Component Analysis (KPCA) dimen-
sionality reduction. Literature [13] uses an algorithm based
on KPCA to solve the nonlinear problem by introducing a
kernel function and obtain the segmentation point. Liter-
ature [14] proposed to use a segmentation algorithm based
on probability kernel principal component analysis. Liter-
ature [15] proposed nonlinear popular dimensionality re-
duction technology (ISOMAP), which performs
dimensionality reduction processing on high-dimensional
human motion data, combined with K-means clustering of
similar poses, so as to obtain more accurate segmentation
points. Literature [16] uses principal component analysis
(PCA) to reduce dimensionality to process data and com-
bines dynamic time warping to obtain the segmentation
points of the motion sequence. Segmentation algorithm
based on machine learning: Literature [17] proposed a
human motion segmentation algorithm based on training
Hidden Markov Model (HMM), and literature [18] pro-
posed a segmentation method using singular value de-
composition (SVD) to calculate the similarity matrix.
Literature [19] proposed a segmentation algorithm based on
human action space. Literature [20] uses a simple Bayesian
classifier to segment human movements.

3. Digital Filter Sensor Algorithm and Its
Structure Design

(e magnetic field sensor is based on the Hall effect of
semiconductor materials.(e Hall element is fabricated on a
single crystal silicon substrate to realize the measurement of
themagnetic field, and themagnetic sensitive layer adopts an
ion implantation process to dope phosphorus elements on
the single crystal silicon substrate to form an n-type mag-
netic sensitive layer.

We apply a certain operating voltageVDD to both ends of
the magnetic field sensor control current pole. When the
external magnetic field is B� 0T, ideally, the carriers in the
magnetic sensitive layer will not deflect, the current will be
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evenly distributed, and the potentials of the two Hall output
terminals will be equal, as shown in Figure 1(a). Ideally, the
Hall output voltage VH is expressed as follows [21]:

VH � VH1 − VH2 � 0. (1)

In the formula,VH1 andVH2 are the potentials of the two
Hall output terminals.

When the applied magnetic �eld is B≠ 0T, the carriers in
the magnetic sensitive layer are de�ected by the Lorentz
force under the action of the applied magnetic �eld, and
there is a potential di�erence between the Hall output
terminals, as shown in Figures 1(b) and 1(c). �is article
de�nes the direction of the external magnetic �eld per-
pendicular to the chip surface upward as B<OT, and the
downward perpendicular to the chip surface as B>OT. �e
Hall output voltage changes with the applied magnetic �eld.

VH � VH1 − VH2 � μ ·
W

L
· VDD · B · fH

L

W
, θ( ). (2)

In the formula, fH(L/W, θ) is the geometric structure
factor, L is the length of the magnetic sensitive layer, W is the
width of the magnetic sensitive layer, θ is the angle between
the direction of the applied magnetic �eld and the plane of
the magnetic sensitive layer, μ is the carrier mobility, B is the
magnetic induction intensity of the applied magnetic �eld,
and VDD is the power supply voltage.

From formula (2), the magnetic sensitivity of the
magnetic �eld sensor can be obtained as follows [22]:

S �
VH
B
� μ ·

W

L
· VDD · fH

L

W
, θ( ). (3)

It can be seen from the above formula that the sensitivity
of the magnetic �eld sensor is related to the carrier mobility
and width-to-length ratio of the magnetic sensitive layer and
can realize the measurement of the forward and reverse
magnetic �elds.

When a constant current source is used for the power
supply, the Hall output voltage of the magnetic �eld sensor is
as follows:

VH � VH1 − VH2 �
ρμ
d
· I · B · fH

L

W
, θ( ). (4)

In the formula, fH(L/W, θ) is the geometric structure
factor, ρ is the resistivity, μ is the carrier mobility, d is the
thickness of the magnetic sensitive layer, B is the magnetic
induction intensity of the applied magnetic �eld, and I is the
power supply current. �e sensitivity of the magnetic �eld
sensor is as follows:

S �
VH
B
�
ρμ
d
· I · fH

L

W
, θ( ). (5)

It can be seen from the above formula that the sensitivity of
the magnetic �eld sensor is proportional to the resistivity and
carrier mobility of the magnetic sensitive layer and inversely
proportional to the thickness of the magnetic sensitive layer.

Based on the piezoresistive e�ect of semiconductor
materials, four piezoresistors are fabricated on the surface of
the C-type silicon cup silicon �lm and connected to a
Wheatstone bridge structure. �e pressure is measured by
measuring the output voltage of the Wheatstone bridge.
Figures 2(a) and 2(b), respectively, show the schematic
diagram of the working principle of the pressure sensor
when there is no applied pressure and when there is applied
pressure. Among them, four varistors R1, R2, R3 and R4 form
a Wheatstone bridge structure.

When supplying power from a constant voltage source,
the output voltage of the Wheatstone bridge is as follows:

VPOUT � VPOUT2 − VPOUT1
�

R1R3 − R2R4

R1 + R2( ) R3 + R4( )
· VDD.

(6)

In the formula, VDD is the working voltage and VPOUT is
the output voltage. In an ideal state, the resistance of the four

VDD

VH2

VH1

(a)

VDD

VH2

VH1B<0T

(b)

VDD

VH1

VH2

B>0T

(c)

Figure 1: Schematic diagram of the working principle of magnetic �eld sensor: (a) B� 0T, (b) B<T, (c) B>OT.
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varistors is the same. When there is no pressure, the re-
sistance does not change, so the output voltage of the
Wheatstone bridge is zero, as shown in Figure 2(a).

When the sensor is under pressure, the silicon mem-
brane deforms elastically. Due to the piezoresistive e�ect, the
four varistors are under stress and the resistance values
change. �e resistance value of R1, R3 decreases by ΔR, and
the resistance value of R2, R4 increases by ΔR, that is,
R1⟶ R1 · ΔR, R2⟶ R2, R3⟶ R3 · ΔR, R4⟶ R4 · ΔR,
as shown in Figure 2(b). As a result, the Wheatstone bridge
loses its balance and produces an output voltage:

VPOUT � VPOUT2 − VPOUT1

�
R1 − ΔR( ) R3 − ΔR( ) − R2 + ΔR( ) R4 + ΔR( )
R1 − ΔR + R2 + ΔR( ) R3 − ΔR + R4 + ΔR( )

· VDD,

(7)

VPOUT � VPOUT2 − VPOUT1
�
ΔR
R
· VDD. (8)

From (8), it can be seen that the output voltage of the
Wheatstone bridge is proportional to AR/R and, at the same
time, proportional to the operating voltage VDD. �e rate of
change of the resistance of the monocrystalline silicon re-
sistance is determined by the following formula [23]:

ΔR
R
� π1σ1 + π⊥σ⊥. (9)

In the formula, π1 is the longitudinal piezoresistive
coe�cient and π⊥ is the transverse piezoresistive coe�cient,
both of which are related to the crystal orientation. It can be
seen that when the crystal orientation is selected, the output
voltage of the pressure sensor is proportional to the stress of
the varistor.

�e three-axis acceleration sensor is based on the pie-
zoresistive e�ect of semiconductor materials. Varistors are
fabricated at the roots of the four L-shaped beams and the
middle double beams, and they are connected to form a
Wheatstone bridge structure. �e acceleration is measured
by measuring the output voltage of the Wheatstone bridge.

Figure 3 shows the structure diagram of the acceleration
sensor in the z-axis direction. �e four varistors R1, R, R3,
and Rs on the middle double beam structure form a
Wheatstone bridge.

When supplying power from a constant voltage source,
the output voltage of the Wheatstone bridge is as follows:

VZOUT � VZOUT2 − VZOUT1 �
Rz1Rz3 − Rz2Rz4

Rz1 + Rz2( ) Rz3 + Rz4( )
· VDD,

(10)

In the formula, VDD is the working voltage and VZOUT is
the output voltage. In an ideal state, the resistance of the four
varistors is the same, and when there is no acceleration, the
resistance does not change, so the output voltage of the
Wheatstone bridge is zero, as shown in Figure 4(a).

When the sensor is subjected to acceleration in the z-axis
direction, the beam deforms. Due to the piezoresistive e�ect,
the four varistors are under stress and the resistance values
change. �e resistance values of Rz1 and Rz4 decrease by ΔR,
and the resistance values of Rz2 and Rz3 increase byΔR, that is,
Rz1⟶ Rz1 · ΔR, Rz2⟶ Rz2 · ΔR, Rz3⟶ Rz3 · ΔR, Rz4⟶ Rz4 · ΔR,
as shown in Figure 4(b). As a result, the Wheatstone bridge
loses its balance and produces an output voltage:

VZOUT � VPOUT2 − VPOUT1

�
Rz1 − ΔR( ) Rz3 − ΔR( ) − Rz2 + ΔR( ) Rz4 + ΔR( )
Rz1 − ΔR + Rz2 + ΔR( ) Rz4 − ΔR + Rz3 + ΔR( )

· VDD,

(11)

VZOUT � VZOUT2 − VZOUT1 �
ΔR
R
· VDD. (12)

�e working principle of the x- and y-axis directions of
the three-axis acceleration sensor is similar to that of the z-
axis. Figure 5 shows a schematic diagram of the structure of
the acceleration sensor in the x and y-axis directions. �e
varistors Rx1, Rx2, Rx3 and Rx4 on the L-shaped beam
structure constitute the Wheatstone bridge for x-axis de-
tection and Ry1, Ry2, Ry3 and Ry4 constitute the Wheatstone
bridge for y-axis detection. In an ideal state, since the re-
sistance of the varistor is the same, the output voltage of the
Wheatstone bridge is zero when there is no acceleration.

VDDVPOUT1

VDDR1R2
R3

R4
Vss

Vss VPOUT2

VDD

Vss

R1

R2

R3

R4

VPOUT2VPOUT1

(a)

VDDVPOUT1

VDDR1R2
R3

R4
Vss

Vss VPOUT2

VDD

Vss

R1+ΔR

R2+ΔR

R3+ΔR

R4+ΔR
VPOUT2VPOUT1

(b)

Figure 2: Schematic diagram of the working principle of the pressure sensor: (a) P� 0 kPa; (b) P� 0 kPa.

X

Y
Z

R1 R2

R3 R4

Figure 3: Schematic diagram of the z-axis structure of the ac-
celeration sensor.
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When the sensor is subjected to acceleration in the x-axis or
y-axis direction, the L-shaped beam deforms. Due to the
piezoresistive e�ect, the resistance of the varistor changes.

Figures 6(a) and 6(b) show schematic diagrams of the working
principle of the x and y axes, respectively. �e Wheatstone
bridge loses balance and produces an output voltage.

VXOUT � VXOUT2 − VXOUT1 �
Rx1 − ΔR( ) Rx3 − ΔR( ) − Rx2 + ΔR( ) Rx4 + ΔR( )
Rx1 − ΔR + Rx2 + ΔR( ) Rx4 − ΔR + Rx3 + ΔR( )

· VDD,

VXOUT � VXOUT2 − VXOUT1 �
ΔR
R
· VDD,

VrOUT � VrOUT2 − VrOUT1 �
Rx1 − ΔR( ) Rx4 − ΔR( ) − Rx2 + ΔR( ) Rx3 + ΔR( )
Rx1 − ΔR + Rx2 + ΔR( ) Rx4 − ΔR + Rx3 + ΔR( )

· VDD,

VrOUT � VrOUT2 − VrOUT1 �
ΔR
R
· VDD.

(13)

According to the Hall e�ect theory, magnetic �eld sensor
characteristic simulation, and process design, Figure 7 shows
a schematic diagram of the Hall magnetic �eld sensor
structure. Among them, I1 and I2 are control current poles,
VH1 and VH2 are two Hall output terminals, W is the width
of the magnetic sensitive layer, and L is the length of the
magnetic sensitive layer.

In this paper, the Hall magnetic sensitive layer has a
width of 160um and a length of 320um. �e n-type lightly
doped by an ion implantation process is used to form an
n-type conductive layer with electrons as the majority
carrier. �e Hall output terminal is located at the center
position on both sides of the magnetic sensitive layer, and
the size is 12×12 μm2, the control current pole size is
160× 50 μm2, and the ion implantation process is used for
n-type heavy doping.

According to the theoretical formula of magnetic �eld
sensor sensitivity (14),

VH � VH1 − VH2 � μ ·
W

L
· VDD · fH

L

W
, θ( ). (14)

Ideally, when the power supply voltage VDD is 5.0 V, the
electron mobility μn is 1400 cm

2-/(V-s), and the geometric
structure factorfH(L/W, θ) is 1, the theoretical sensitivity of
the magnetic �eld sensor is about 350mVT.

According to the piezoresistive e�ect theory, pressure
sensor characteristic simulation, and process design,
Figure 8 shows a schematic diagram of the Hall magnetic
�eld sensor structure. Among them, R1, R2, R3 and R4 are
four varistors, and b is the side length of the square silicon
membrane of the pressure sensor. In order to take into
account multiple sensor size designs in a limited chip area,
the pressure sensor square silicon �lm size is set to
1500×1500 μm2.

�e rectangular coordinate system is established with the
center of the square silicon �lm as the origin, as shown in
Figure 9. �e x-axis is the crystal orientation of single crystal

X

Y

Ry4 Rx4

Ry2 Rx2

Rx1 Ry1

Rx3 Ry3

z

Figure 5: Schematic diagram of the x and y-axis structure of the acceleration sensor.
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Rz1+ΔR

Rz2+ΔR

Rz3+ΔR

Rz4+ΔR
Vzou 1 Vzou 2 Vzou 1 Vzou 2

Figure 4: Schematic diagram of the working principle of the acceleration sensor in the z-axis direction: (a) az� 0 and (b) az≠ 0.
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silicon <011>, and the y-axis is the crystal orientation of
single crystal silicon 〈011〉. �e four varistors are placed
along the direction parallel to the crystal 〈011〉 direction.
Among them, α is the distance from the center of the silicon
�lm to the edge of the silicon �lm, that is, the half-length of
the silicon �lm.�e stress on the upper surface of the square
silicon �lm is as follows:

σxx �
−96P
96

a

h
( )

2 3x2

a2
− 1( )

y2

a2
− 1( )

2

+ μ
3y2

a2
− 1( )

x2

a2
− 1( )

2
 ,

σyy �
−49P
96

a

h
( )

2 3y2

a2
− 1( )

x2

a2
− 1( )

2

+ μ
3x2

a2
− 1( )

y2

a2
− 1( )

2
 .

(15)

In the formula, R is the applied pressure, μ is the
Poisson’s ratio, and h is the thickness of the square silicon
�lm.

For pressure sensors based on the piezoresistive e�ect,
the absolute value of the relative change in the resistance of
the varistor that constitutes theWheatstone bridge should be
equal, that is,

ΔR1

R1

∣∣∣∣∣∣∣∣

∣∣∣∣∣∣∣∣ �
ΔR2

R2

∣∣∣∣∣∣∣∣

∣∣∣∣∣∣∣∣ �
ΔR3

R3

∣∣∣∣∣∣∣∣

∣∣∣∣∣∣∣∣ �
ΔR4

R4

∣∣∣∣∣∣∣∣

∣∣∣∣∣∣∣∣. (16)

In order to improve the sensitivity of the sensor, the
varistor should be designed at the position where the absolute
value of the di�erence between the longitudinal stress and the
transverse stress of the square silicon �lm is the largest.

�rough further theoretical calculations, the coordinate
values of the varistors R2 and R4 can be obtained. Since the
varistors R2 and R4 are symmetrical along the y axis, only the
coordinate value of R4 needs to be calculated. �e coordi-
nates at both ends of R1 are (0, y1) and (0, y2), respectively.
�e coordinates of both ends of R4 are (n, −L/2), (n, L2), L is
the length of the varistor,W is the width of the varistor, and
n is the coordinate value of R4 on the x-axis. According to the
formula, the average longitudinal stress of the varistor R and
R can be obtained as follows:

σl( )1 � σyy �
∫y2
y1
σyydy

∫y2y1 dy
�
1
L
∫
y2

y1
σyydy

� −
49
96

P

a4h2L
∫
y2

y1
μ 3x2 − a2( ) y2 − a2( )

2 + 3y2 − a2( ) x2 − a2( )
2

[ ]dy,

σl( )4 � σyy �
∫L/2
L/2 σyydy

∫L/2
L/2 dy

�
1
L
∫
L/2

L/2
σyydy

� −
49
96

P

a4h2L
∫
L/2

L/2
μ 3x2 − a2( ) y2 − a2( )

2 + 3y2 − a2( ) x2 − a2( )
2

[ ]dy.

(17)

In the same way, according to formula (12), the average
transverse stress of varistor R1 and R4 can be obtained as
follows:

σl( )1 � σxx �
∫x2
x1
σxxdx

∫x2
x1
dx

�
1
W
∫
x2

x1
σxxdx

� −
49
96

P

a4h2W
∫
x2

x1
3x2 − a2( ) y2 − a2( )

2 + μ 3y2 − a2( ) x2 − a2( )
2

[ ]dx,

σl( )4 � σxx �
∫x2x1 σxxdx

∫x2
x1
dx

�
1
W
∫
x2

x1
σxxdx

� −
49
96

P

a4h2W
∫
x2

x1

3n2 − a2( ) y2 − a2( )
2 + μ 3y2 − a2( ) n2 − a2( )

2
[ ]dx.

(18)

�e absolute value of the di�erence between the lon-
gitudinal stress and the transverse stress of the varistor R1
and R4 shall satisfy the following:

σl( )1 − σl( )1
∣∣∣∣

∣∣∣∣ � σl( )4 − σl( )4
∣∣∣∣

∣∣∣∣. (19)

0

R1

R2

R3

R4

Y

Xa

<011>
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Figure 9: Schematic diagram of the shape of the silicon �lm.
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Figure 8: Schematic diagram of the magnetic �eld sensor structure.
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Figure 6: Schematic diagram of the working principle of the x-axis
and y-axis of the acceleration sensor: (a) x-axis; (b) y-axis.
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Figure 7: Basic structure of magnetic �eld sensor.
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In this paper, the values of the above physical quantities
are brought into (19), and the coordinate of the varistor R4
on the x-axis is n� 704, so Ra should be made 46 μm away
from the edge of the silicon film.

According to the piezoresistive effect theory, acceleration
sensor characteristic simulation, and process design, Fig-
ure 10 shows a schematic diagram of the three-axis accel-
eration sensor structure. Among them, Rx1, Rx2, Rx3 and Rx4
are varistors in the x-axis direction, Ry1, Ry2, Ry3 and Ry4 are
varistors in the y-axis direction, and Rz1, Rz2, Rz3 and Rz4 are
varistors in the z-axis direction. (e length of the L-shaped
beam is 1600 μm, the width is 200 μm, the length of the
middle double beam is 300 μm, and the width is 150 pum.

From the working principle of the three-axis acceleration
sensor and the ANSYS simulation analysis, it can be seen
that the area sensitive to acceleration in the x-axis direction
is located at the root of the L-shaped beam, and the stress on
the outside is the largest, and it gradually decreases toward
the inside. (e area sensitive to acceleration in the y-axis
direction is located at the root of the L-beam, and the stress
in the center is the largest and gradually decreases to both
sides; the area sensitive to acceleration in the z-axis direction
is located at the root of the middle double-beam structure.
(erefore, the varistor should be made at the corresponding
maximum stress position.

(e Euler method used in the algorithm for numerical
integration is an explicit expression. Compared with the
multistep method and the implicit method, it is simple to
calculate, takes less time, and is easy to implement. However,
due to the requirements of integration accuracy, especially
stability requirements, the implicit formula should be used. In
particular, when the ordinary differential equation has a rigid
problem, a large time step can lead to numerical instability
problems. Generally speaking, the implicit method has a
larger absolute stability region than the explicit method, so
this section discusses the influence of different numerical
integration methods on the IEB-PF algorithm and PFF.

We assume that the initial conditions satisfy the fol-
lowing conditions:

f(x, λ) � f(t, x) �
dx

dt
,

x t0(  � x0.

⎧⎪⎪⎪⎨

⎪⎪⎪⎩

(20)

Common numerical integration methods can be divided
into single-step method and multistep methods, explicit and
implicit. If only the value at time n is used to solve xn+1, it is
called a single-step method, which is a self-starting algorithm.
If the value at time n − 1, n − 2 . . . needs to be used, it is called
a multistep method, which is an algorithm that cannot be
started by itself.(e difference between explicit and implicit is
that when solving xn+1, the value at time n+1 is implicit, and
the value before time n+1 is explicit expression.

We use the Taylor series to analyze the accuracy of
numerical integration and assume that x(tn) is accurate and
tn+1 � tn + h, h is the integration time step. (e Taylor ex-
pansion at tn has the following:

x tn+1(  � x tn(  + hx
(1)

tn(  +
h
2

2
x

(2)
tn( 

+ · · · · · · +
h

r

r!
x

(t)
tn(  + O h′

+1
 .

(21)

(1) Euler’s method is the simplest numerical integration
method commonly used, which converts a differ-
ential equation into an algebraic equation by using
the difference quotient instead of the differential
quotient. Euler’s method is an explicit method. Due
to the rigidity of ordinary differential equations, it is
necessary to choose the integration time step rea-
sonably. For Euler’s method, there are the following:

x tn+1(  � x tn(  + hf tn, xn( . (22)

Among them, tn is the n time. From the expression of
formula (2), it can be seen that the Euler method only
retains the first two items of the Taylor expansion.
Geometrically, Euler’s method uses the area of the
left rectangle to solve the integral. (e local trun-
cation error of Euler’s method is O(h2) , and the
overall error is O(h) .

(2) Modified Euler. (e advantage of Euler’s method is
that it has a small amount of calculation, but at the
same time because it ignores high-order terms, the
accuracy is relatively low. From a geometrical point
of view, it can be seen that compared with Euler’s
method, modified Euler’s method uses the trape-
zoidal area to calculate integral and has higher
accuracy:

x tn+1(  � x tn(  +
h

2
f tn, x tn( (  + f tn+1, x tn+1( ( ( .

(23)

It can be seen from formula (23) that the modified
Euler method is an implicit expression, which is the
arithmetic mean of the explicit Euler method and the
implicit Euler method.(emodified Euler method is
a prediction-correction method, which needs to be
solved iteratively, and the estimated value xn−1′ of
xn+1 is obtained by using the Euler method and then
substituted into the formula (23) to obtain the
correction value:

Rx3 

Rz1 Rz2

Rz3Rz4

Ry4

Ry3Ry2

Ry1Rx1 Rx4

Rx2

Figure 10: Basic structure of three-axis acceleration sensor.
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x′ tn+1(  � x tn(  + hf tn, x tn( ( ,

x tn+1(  � x tn(  +
h

2
f tn, x tn( (  + f tn+1, x′ tn+1( ( ( .

⎧⎪⎪⎪⎨

⎪⎪⎪⎩

(24)

Compared with the Euler method, the modified
Euler method has higher accuracy, its local trun-
cation error is O(h3), and the overall error is O(h2).

(3) Runge-Kutta method. It can be seen from equation (2)
that themore reserved terms of the Tate expansion, the
higher the precision of the numerical integration, but
the higher-order derivative of the function needs to be
calculated. (erefore, a direct calculation is not con-
venient. (e 4th-order Runge-Kutta method is one of
the most commonly used methods to avoid higher-
order derivative calculations:

x tn+1(  � x tn(  +
h

6
k1 + 2k2 + 2k3 + k4( ,

k1 � f tn, x tn( ( ,

k2 � f tn +
h

2
, x tn(  +

h

2
k1 ,

k3 � f tn +
h

2
, x tn(  +

h

2
k2 ,

k4 � f tn + h, x tn(  + hk3( .

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

(25)

(e local truncation error of the fourth-order
Runge-Kutta method is O(h5) , and the overall error
is O(h4).

(4) Adams method (Adams). Adams’ method is a linear
multistep method with explicit and implicit ex-
pressions. (e implicit method increases the amount

of computation, but the stability region is larger than
that of the explicit formula, and for the Adams
method of the same order, the accuracy of the im-
plicit formula is often greater than that of the explicit
formula. (erefore, the fourth-order form using the
combination of explicit and implicit is as follows:

x
p
n+1 � xn +

h

24
55f tn, xn(  − 59f tn−1, xn−1(  + 37f tn−2, xn−2(  − 9f tn−3, xn−3( ( ,

xn+1 � xn +
h

24
9f tn+1, x

p
n+1  + 19f tn, xn(  − 5f tn−1, xn−1(  + f tn−2, xn−2(  .

⎧⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎩

(26)

It can be seen from formula (7) that the Adams method
is also a prediction-correction method. It needs to use the
single-step method of the same order to find the first few
points. (e local truncation error is O(h5), and the overall
error is O(h4).

Resampling is an important part of the particle filter
algorithm. Resampling can effectively alleviate the problem
of particle weight degradation. At the same time, resampling
also limits the parallel computing of particle filtering and
also affects the computational efficiency of the algorithm
when the number of particles is large. Different from
resampling, particle redrawing is an optional solution in the
IEB-PF algorithm and particle flow filtering. By constructing
a homotopy function, particles can be moved to an accurate

position. However, due to the approximate calculation in the
process of particle flow (in the parametric approximation
method, the diffusion term and the constant term are ig-
nored, the prior and the observation are assumed to be linear
Gaussian distribution, and the weak form solution is solved),
the particles cannot be accurately moved from the prior to
the posterior. (erefore, repainting the particles, generating
a new set of particles will help move the particles to the true
posterior.

At present, there are few researches on particle
repainting and its theoretical influence on particle flow
filtering. It is mentioned in the literature that the mean value
and covariance matrix of the posterior particles are used to
redraw from the Gaussian distribution. (e covariance
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matrix is obtained by the EKF algorithm, but at the same
time, the accuracy of the PFF algorithm will depend heavily
on the EKF algorithm. Moreover, large errors will occur
under the condition of high nonlinear intensity and non-
Gaussian noise.(ere are two redrawing strategies. One is to
redraw particles from a multivariate Gaussian distribution,
where the mean is the posterior particle mean, and the
covariance matrix is obtained by the shrinkage estimation
method, which no longer relies on the EKF algorithm. (e
second method redraws from a mixture of Gaussian models.
(e mixture Gaussian model is estimated by the kernel
density, and the particle distribution is not assumed in the
second method. It is pointed out in the literature that the
mixture Gaussian model has higher estimation accuracy but
increases the computational burden.

Aiming at the above problems, this paper proposes a
simple and easy-to-implement fitness-based particle
redrawingmethod.(ismethod does not need to assume the
distribution of particles before redrawing. (e particles after
redrawing have the same distribution as those before
redrawing, and it is easy to implement. (e fitness function
is set as follows:

f
i
firness � exp −sqrt

Zt − Z
i
tpre R

− 1
Zt − Z

i
tpre 

c
⎡⎢⎣ ⎤⎥⎦

⎧⎨

⎩

⎫⎬

⎭. (27)

Among them, Z1 is the observed value at time t, Ztpre is
the observed predicted value at time t, R is the covariance
matrix of observation noise, and c is an empirical constant,
which can be set according to the actual system. After
obtaining the fitness of each particle, it is obtained by
normalizing:

f′ �
ffimess′


N
i�1 f

i
f fitess

. (28)

(e weighted mean is obtained for the particles whose
fitness is normalized, and then the particles are shifted to a
new distribution with the samemean.(erefore, the method
proposed in this paper does not change the distribution form
of the particle posterior.

4. Motion Capture System for Sports Dance
Teaching Based on Digital
Filtering Algorithm

(ree-dimensional animation technology can be displayed
from multiple angles and gives people an immersive feeling,
so it is more and more used in film and television works and
character animation. (e role performance in film and
television animation needs to complete many complex
actions. Even production with animation software will
consume a lot of time, manpower, and financial resources,
and it is sometimes difficult to make certain complex actions
accurately. However, the use of motion capture technology
can achieve precise, smooth, and detailed effects. It can be
said that the current film and television animation works are
not drawn but performed. Figure 11 is the workflow of the
motion capture system for sports dance teaching.

Motion capture technology is continuously used in
sports dance and other projects to assist the digitalization
and scientification of sports dance. Compared with tra-
ditional sports dance teaching, motion capture technology
can capture dancers’ movements in real time, accurately
record the movements of dancers’ limbs in three-dimen-
sional space, and digitize them for easy analysis and long-
term storage. (is measurement process can reduce the
error caused by subjective factors, can measure a large
amount of data information from multiple angles at the
same time, and can provide real-time, accurate, and vivid
teaching feedback. (e data obtained can also be analyzed
and designed, and its value can be explored in depth to
produce materials suitable for self-learning. (erefore, in
the process of sports education and teaching, combining
motion capture technology with traditional teaching can
solve the drawbacks and problems in traditional teaching,
improve teaching quality and learning efficiency, and has
high research significance and practical value. (e move-
ment flow of sports dance based on motion capture is
shown in Figure 12.

Undergraduates majoring in dance generally have many
years of dance foundation and have a good understanding of
dance body rhyme skills. It is easier for them to learn dance by
themselves, but only through a single angle of video learning,
many complex and delicate movements are difficult tomaster,
and the time is very long. With the help of motion capture
technology, it will be much easier for dance majors to learn
national dance by themselves, as shown in Figure 13.

(e motion capture system of sports dance teaching
based on a digital filtering algorithm adopts a three-layer
system design method, which are the data layer, control
layer, and presentation layer. (1) (e data layer is mainly
responsible for reading music configuration files and eval-
uation standard configuration files, using the iterator as the
middle abstract layer to provide convenient data access

Action design

Preparation

Action capture Role model
establishment

Data and role model
binding

Action establishment

Figure 11: Workflow of the motion capture system for sports
dance teaching.
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interfaces for the control layer and the presentation layer.
Among them, the song con�guration �le stores each song’s
beat type, number of beats, beat interval for action similarity
evaluation and beat interval displayed by action prompt
pictures. �e evaluation standard �le stores the action
similarity score and the corresponding relationship with its
level. (2) �e control layer includes music beat control,
action sequence preprocessing, action similarity evaluation,
and dance �ow control system. �e action sequence pre-
processing module uses an interpolation wavelet to denoise
the collected action sequence. �e action similarity evalu-
ation module scores user actions in real time. �e beat
control module is based on the song con�guration and the
time manager of the Unity3D engine and passes the strong

and weak beat messages to the action evaluation module and
some modules of the performance layer. �e dance process
control module is responsible for the overall process control,
including the synchronization of music and dance anima-
tion, pause, and dance end judgment. (3) �e presentation
layer includes visual elements and user interfaces in the
three-dimensional scene, which is used to receive and dis-
play data input by users, and provide users with somato-
sensory virtual interactive scenes. Among them, the user
points module is used to accumulate and display the points
of each action evaluation. �e action prompt module is used
to display the prompt diagram of the previous, current, and
next action. �e scene interaction module controls the
synchronization of the three-dimensional model in the scene

Teacher action
capture

Data
generation

Team members
guidance

Animation
generation

Standard
action library

Pre-study action

Explanation and
demonstration

Students practice

Student action
capture

Record error action

Generates the action
capture data

Comparative
analysis of data

Meet a
criterion

Generate the
results report

Team member
guidance

Team member
guidance

Qualified

No

Yes

Phrase four

Phrase threePhrase two

Phrase one

Figure 12: Sports dance movement process based on motion capture.

Data captureData analysisVedio learning

Imitative practice

Action recording Action capture
Recording data
comparasion

Capture data
comparasion

Error correction

Figure 13: Motion capture system for sports dance teaching based on digital �ltering algorithm.
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with the user’s actions. (e evaluation display module is
used to display the evaluation of the user’s dance movements
in real time, and the data comes from the action evaluation
module of the logic layer. (e completion degree display
module is used to let the user know the completion degree of
the current song. (e animation control module realizes the
playback of standard dance movements collected by the
motion capture system on the three-dimensional model.(e
system structure is shown in Figure 14.

After constructing the above system, the performance of
the system is verified, and the digital filtering and motion
capture of sports dance teaching is verified, and the results
are shown in Table 1 and Figure 15.

From the above research, it can be seen that the motion
capture system for sports dance teaching based on the digital
filter algorithm proposed in this paper can play an important
role in sports dance teaching and effectively improve the
efficiency of sports dance teaching.

Expression
layer

Action tips

Completion
tips

Animation
control

Scene interaction

Evaluation

User points

Control
layer

Action similarity
evaluation

Dance process control
system

Action sequence
preprocessing

Music beat control

Data
layer evaluation criterionSong configuration

Figure 14: System structure diagram.

Table 1: System experiment results.

Number Digital filtering Motion capture Number Digital filtering Motion capture
1 94.57 82.52 22 97.34 93.14
2 94.89 93.32 23 95.71 89.51
3 97.41 93.77 24 94.94 90.33
4 96.72 83.70 25 97.52 92.13
5 96.33 84.56 26 94.16 87.53
6 96.18 84.72 27 94.68 87.02
7 95.50 93.00 28 95.53 94.04
8 97.85 94.27 29 95.06 89.77
9 95.20 84.50 30 96.07 89.73
10 96.20 94.91 31 97.11 92.00
11 96.16 87.87 32 95.62 84.77
12 96.81 88.39 33 97.46 88.57
13 96.99 90.55 34 95.68 90.70
14 97.36 92.13 35 95.92 86.51
15 96.44 94.71 36 94.09 92.36
16 97.10 83.81 37 95.78 88.51
17 95.17 94.11 38 97.84 86.62
18 97.31 91.21 39 95.40 87.49
19 96.72 94.08 40 94.63 82.03
20 97.25 87.28 41 97.03 85.34
21 97.58 85.72 42 95.59 88.87
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5. Conclusion

In domestic sports dance education, the emergence of virtual
technology provides the possibility for the innovation of sports
dance education in colleges and universities. Virtual reality can
be combined with sports dance education, and new technol-
ogies can be used to expand students’ knowledge and increase
their knowledge of sports dance background. Moreover, it can
arouse students’ learning fun, display sports dance for students
from various angles, and help students understand the con-
notation of sports dance education.�e combination of virtual
technology and sports dance education includes the collection
and display of virtual data. �rough data collection of sports
dance professionals, a database of sports dance teaching is
established, and motion capture and collection techniques are
used to virtualize sports dance characters and further abstract
them into digital sports dance. It can evaluate and correct
students’ movements. In addition, combining withmusic, stage
design, text, etc., can enhance the integration of sports dance art
and other arts, for virtual display, and even on-site virtual
projection. At the same time, it provides three-dimensional
teaching and exhibition space for sports dance teaching and
increases students’ interest and professional perception. �is
article combines the digital �ltering algorithm to construct the
sports dance teaching motion capture system, changes the
current sports dance teaching method, applies intelligent
teaching to the sports dance motion capture, and improves the
teaching e�ect of sports dance teaching.
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