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The status and role of science and technology in the field of modern competitive sports have become increasingly prominent. The
construction of a scientific training command system is of great significance for improving the scientific level of the training
process and deepening the digital cognition of ski training. This paper is based on the multisensor combination to conduct a
digital research on cross-country skiing training, aiming to conduct in-depth research on the realization of human motion
capture and the theory of motion inertial sensing. To build a scientific, formal, and malleable ski training program, the
requirements for data acquisition, recording, and analysis are quite strict. For this, it is necessary to use scientific and
reasonable tools combined with multiple algorithms to process information and data. During the experiment, accelerometers,
gyroscopes, and magnetometers are selected as sensors to receive motion information, and recognition algorithms for
identifying weightlessness, hybrid filtering algorithm, displacement estimation algorithm, and kinematic principles are adapted
to process multisensor data using information integration technology. A human body motion model was established based on
kinematic principles, and a cross-country skiing motion measurement program was designed. The experimental results show
that, according to the combination of multisensing and video platform, the athlete’s posture prediction is adjusted, and the
action on the track is more consistent, which can accelerate the athlete’s skiing speed and the size of the inclination angle to a
large extent. It can affect the direction of the athlete’s borrowing force and the adjustment of gravity during the exercise. The

tilt angle is expanded from 135° to 170°, and it can maintain good continuity during the exercise.

1. Introduction

Cross-country skiing is a weak item of winter sports in my
country [1]. Injuries of skiers during training and various
strains caused by long-term training are often reported. In
sports competitions at home and abroad, the competition
system is tightly arranged, which puts forward very strict
requirements on the physical and psychological qualities of
skiers. In this high-intensity environment, the probability of
sports injuries will greatly increase, and sports injuries occur
increasingly frequently. Injuries have played an important
role in the psychology of skiers and will directly affect their
training and sports competitions. The level of competition
directly affects the final result of the competition. In the
existing research literature on cross-country skiing training,

there is a large amount of content that shows that the current
prospects for the development of skiing training are not
good. From the perspective of the main body, athletes are
not taken seriously, and there is little investment in skiing.
In the traditional rural ski training process, the equipment
is outdated, the concept is confusing, the science is weak,
and the emerging technologies are not fully utilized [2].
Motion posture measurement is the key technology to
realize the motion capture function [3]. With the develop-
ment of sensor technology and the in-depth study of
machine learning algorithms, the status and role of science
and technology in today’s competitive sports field have
become essential. Sports recognition can play a role. The
quality of training and the development of a scientific train-
ing plan are of great significance for improving the technical
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level of the training process and a deep understanding of
skiing rules [4]. The collected motion data can be well pro-
tected by the motion detection of sensors and probe sensors,
especially the image research aspect of human behavior
identification. The biggest challenge faced in this process is
the recognition of body movements. The application of a
certain technology involves personal privacy, so relevant
technologies need to be used to process these data. The
application of this technology can greatly promote human
research and development in the fields of medical research,
deaf education, safety monitoring, sports evaluation, sports
film and television production, etc. [5].

Both at home and abroad attach great importance to the
digital research on cross-country skiing training, and certain
results have been achieved. Schelkun showed in his research
that lighter equipment, cleaner trails, and increasingly popu-
lar ski skating technology introduce a new element to cross-
country skiing: speed. Although the overall injury rate is still
low, the number of traumatic injuries among cross-country
skiers appears to be increasing. However, most skin injuries
are still caused by overuse, which can be easily prevented by
proper conditioning [6]. The purpose of the Gonzalez-
Millan et al. study is to evaluate different physiological
variables before and after the 5km (women) and 10km
(men) cross-country skiing competitions to determine the
underlying mechanism of fatigue. 14 elite skiers participated
in the official cross-country skiing competition in classical
style (9 men and 5 women). During the race, the instanta-
neous ski speed is measured by a 15Hz GPS device. Before
and after the game, venous blood samples were collected to
assess changes in blood lactate, serum electrolyte, and
myoglobin concentrations. It also measured changes in
blood oxygen saturation before and after the game and
forced vital capacity during spirometry, jumping height,
and grip strength during reverse jump [7]. Today’s elite
athletes use professional and scientific training methods,
and it is undeniable that science is playing an increasingly
important role in sports. Svensson believes that the scientific
process begins with endurance sports, including cross-
country skiing. This article analyzes how Swedish physiolo-
gists and cross-country skiers interact in the scientific aspect
of training methods, focusing on the exercise techniques
used. Examples of such technologies include scientific tests,
training logs, training camps, and training manuals. The
materials in the archives, interviews, and early research will
be studied using theories of biological power and kinetic.
The conclusion of the article is that although exercise tech-
nology cannot ensure the rapid rationalization of training
methods, over time, these techniques have become the stan-
dard features of cross-country skiing training and exercise
[8]. Channel state information (CSI) can provide the phase
and amplitude of multichannel subcarriers to better describe
the signal propagation characteristics. Based on this, Zhou
et al. proposed to combine the back propagation neural
network (BPNN) and adaptive genetic algorithm (AGA)
with CSI tensor decomposition for indoor Wi-Fi fingerprint
positioning. Specifically, the tensor decomposition algorithm
based on the parallel factor (PARAFAC) analysis model is
combined with the alternating least squares (ALS) iterative
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algorithm to reduce environmental interference [9]. Zhou
et al. also reported on the initial development of a water
ski simulator for indoor training. Compared with the exist-
ing training system, the proposed simulator can reproduce
a more realistic and immersive simulation experience by
providing proprioception and visual feedback to practicing
skiers. In addition, it allows practical testing of any required
skiing action, because skiing is produced by a six-degree-of-
freedom pneumatic hexapod device, and its movement can
be programmed arbitrarily in space [10]. Their research
has a certain positive significance and promotion effect on
the development of cross-country skiing. From the analysis
of the combination of physiology and psychology, they study
the current problems of cross-country skiing training and
find countermeasures to explore the improvement mecha-
nism. However, in their research, it is only limited to finding
problems and applying existing conditions to solve them,
which is far from enough. Today, with the development of
science and technology, advanced technology should be used
for scientific and digital research.

This experiment makes full use of multisensor combina-
tion technology to observe the functions of multisource data
collection, storage, processing, video surveillance, target
tracking and data playback, motion detection, etc. Motion
recognition technology is the focus and problem of research
in the field of human-computer interaction. The data
obtained by the multisensing technology is classified into
data nodes. For example, the athlete’s movement position,
the coordination of actions, the choice between the whole
process of action transformation, etc., can all be regarded
as data nodes. These all belong to the category of physical
motion information. Flexibility and accumulation of physi-
cal movement information in this program are a prerequisite
for the completion of functional identification. This can pro-
vide data support and work support for scientific training
and combine the specific needs of coaches and athletes to
improve the shallow training plan in the traditional national
ski training process. This paper adopts a weight recognition
algorithm, hybrid processing algorithm, motion simulation
algorithm, kinematic process, etc., uses information synthe-
sis technology to process multidimensional data, further
improves the scientific level of process training, and solves
the limitations of traditional training procedures. This meth-
odology is developed, a standardized model of ski music is
used, and multisensor integration functions such as position
information, video processing, and data analysis are used
to determine the athlete’s strength tracking and a set of
scientific, comprehensive, and practical cross-country ski-
ing training teaching plans.

2. Calculation of Ski Training Posture Method

2.1. Cross-Country Skiing. The construction of smart sports
not only guides the development of future sports but also
corresponds to the requirements of the development of the
times [9]. With the discovery and progress of emerging tech-
nologies such as artificial intelligence and epic reality, the
combination of new sports and new technologies will be
realized in reality. The innovative concept of “artificial
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intelligence+sports” was used to determine the deep integra-
tion of the sports industry and emerging technologies, kine-
matic data was collected through a portable GPS receiving
module, and the required positioning method was selected
according to standard conditions [10]. In the part of the
intelligent monitoring program, we studied the problem of
tracking the target skier. The problem of the surveillance
camera while skiing here refers to the automatic tracking
of the skier through the camera. On the premise that the
control system can control the position of the dome camera,
the position of the skier can be predicted [11]. The precon-
dition of the image monitoring process of this system is
transformed into a virtuous circulatory system formed by
cameras, which are organized by intelligent monitoring
programs, and the adaptability conditions are adjusted flex-
ibly according to the change of the skier’s position. The
intelligent snow training system is full of monitoring com-
mand center, field, receiving video data and transmission
system, world system, etc. This article mainly focuses on
the digital research of cross-country skiing training for the
visual inspection system.

2.2. Measurement of Skiing Posture. The development of
cross-country skiing is inseparable from the participation
of people. The factors affecting cross-country skiing are
more in the training of athletes. Therefore, all factors sur-
rounding athletes should be considered. Compared with
the high-level athletes in the world, there is still a big gap
between Chinese cross-country skiers and the world’s high-
level athletes. It is reflected not only in the performance of
the competition but also in the gap in understanding the
law of the project; the gap in training concepts, training
methods and methods, and the scientific special training;
the gap in monitoring methods; the gap in the psychological
ability of the game; and the gap in the professional knowl-
edge reserve of the coaches, all of which hinder the develop-
ment of China’s cross-country skiing project, so China’s
cross-country skiing project must work hard in these aspects
to make a breakthrough. Practical problems [12] were
solved. Recently, many sites have paid increasing attention
to the application of 3D motion tracking and motion detec-
tion equipment [13]. A visual inspection system is used to
convert the image records of athletes’ postures taken at
different sites into digital information, and specific data
processing is used to distinguish sports postures, including
prone, supine, side-lying, and other postures. The core of
human motion detection technology lies in many three-
dimensional measurements of human body position, rota-
tion angle, position displacement, etc., through motion
capture technology to accurately collect the athlete’s limb
movement data and analyze it frame by frame in the later
stage to analyze the standard degree of athlete’s posture
and movement. Field motion can fully solve many problems
in system testing of human body position, rotation angle,
position displacement, and many other three-dimensional
measurements. The application of this technology will help
this research to obtain data more easily. The field motion
tracking system can track the motion trajectory of the object
in three-dimensional space and can also identify the motion

position and relative position of the object, to realize the
detection and recognition of the moving world [14].

By analyzing the motion relationship between the
camera and the target athlete, a mathematical model of the
athlete tracking camera is obtained [15]. To give full play
to the role of the time series model constructed in this exper-
iment, the first thing is to solve the problem of position
transformation, so this transformation is simplified to point
transformation. Based on the time series model, the skier’s
motion state equation model and observation equation
model are established. The motion capture technology col-
lects any two movements a, b of the athletes and converts
them into picture records. If this movement is converted
into a point on a two-dimensional plane, the displacement

can be expressed as
lall [cos a -sin oc] [a] [la]
= + . (1)
b, sinw  cosa || b I,

Among them, «a represents the angle of transformation
between the two actions and [, [, represents the distance
of displacement. The scale and figure of the image are
unchanged after the rigid body transformation [16]. Accord-
ing to the projection conversion algorithm, each pixel of the
image is projected and converted (conversion between two
three-dimensional coordinate systems) and then output to
the corresponding position of the new image (the actual
algorithm should first calculate the size of the output raster,
and then calculate the pixel points in the output grid and the
pixel points in the source image corresponding to the coor-
dinate conversion formula, and perform sampling output).
Under the irradiation of light, athletes will leave shadows
on the ground during the exercise, which is the so-called
projection. The transformation between shadows can be
expressed by the projection transformation formula as
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When the sensor or the application of Shebei processes
the pictures of these pictures, the cross-correlation method
is first used [17], because every part of the body is in relative
motion during the movement, that is, a similar degree of
correlation function:

3 22T (onK(a—m,b—n)
R 5 7 Py S I

(a —m, b—n) is the state of relative motion. When am =
b - n, formula (3) is used to express the motion at rest. The
matching degree between the generated image and the
physical action is [18]

VK = XX (tab) - B (ka=mb-m =) (4
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The similarity of the two images has a linear relationship
with the size of the correlation coefficient [19]. The angle of
light exposure and the difference in time will affect the size
of the shadow on the ground. Among them, m,n is the
athlete’s body shape and the shadow on the ground. Clearly,
the smaller the absolute value of V (t,k), the higher the
matching degree between the generated image and the actual
image [20].

Suppose that the images recorded in two different
motion processes are E and F, respectively, and E is obtained
after F is rotated and translated. The translation amount of a
fixed point on the horizontal plane and the longitudinal
direction is (C,, C;), and the rotation angle is A. Then,

F=e(acosA+bsinA—f ,—asinA+bcosA-f,). (6)

The relationship between E and F is

F,(0,B)=e!™" . F (B cos d +1 sin 3,~f3 sin 3 + 7 cos ).

(7)

The time-domain information in the time-domain fea-
ture function uses time as a variable to depict the waveform
of the signal. Its application will bring about the correspond-
ing increase in the root mean square value, absolute mean
value, and root square amplitude. The changes in these data
are very significant, based on reference. Human motion rec-
ognition like signal features was recorded. And data were
sampled for human motion. The time-domain feature func-
tions commonly used for human body recognition include
sample variance and standard deviation [21]:

#=13 64 (8

i=1

X
=5
Through standard deviation and sample variance, we

can discover the characteristics of frequency and periodic
information in multisensor signals.

(X5 ¢y)- 9)

2.3. Multisensor Data Fusion. In recent years, some new
methods based on statistical analysis, artificial intelligence,
and information processing have appeared, which have
played an important role in the development of information
integration technology [22]. The application of multisensor
information integration technology is extremely wide, and
it has been developed rapidly in various fields. In this pro-
cess, with the deepening of research, information integration
technology has become more mature [23]. The function of
the sensor is similar to human vision, hearing, smell, touch,
etc., used to perceive and capture target parameters in the
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environment. By comprehensively producing the combined
information obtained by multiple parallel sensors or multi-
sensor sensors, the fusion information obtained under this
condition is more comprehensive, accurate, and true. Data
fusion theory urgently needs a unified system standard to
be standardized. Only when the interrelated fusion fields
can be connected can the further development of this field
be guided.

Suppose that multiple sensors simultaneously record and
monitor the cross-country skier’s movement, so that R, and
R, represent the data obtained by the first sensor and the nth
sensor. If R, and R, both satisfy the characteristics of Gauss-
ian distribution [24], to express the degree of difference
between the two, the formula is expressed as

z(R,R)) = \/218—\/1 exp (—% (R ;1R1>2>, (10)

1 n(R-R?
_ n . 11
e (5(50) W

In the above formula, z;(R, R,), z,(R, R,) represents the
probability density of the image of the first sensor and the
nth sensor [25]. The smaller the result obtained by the
calculation formula, that is, the lower the probability density,
the greater the measurement result of the first sensor and the
nth sensor; recently, the degree of difference between the two
is smaller. For the error between the two, the error function
can be used to calculate

E, =erf (

The upper limit of the ideal error is determined by the
upper limit of multisensor data fusion [26], that is,

) Y l4+my, (12)

ien

p(L )
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The size of p(r,r;) in the formula represents the range
supported by the nth sensor for the first sensor during the
image processing of this sensor. The larger the value, the
greater the correlation between the two; the higher the upper
limit of the ideal error, smaller, the more accurate the mea-
sured data processing [27].

3. Multisensor Digital Materials and
Experimental Methods

3.1. Object. The subjects of the experiment are 15
Changchun City Speed Skating Team athletes. Through
multisensor to explore the stability of the athlete’s overall
body control, the flexibility of each joint, and whether there
are any problems with the athlete’s overall proprioceptive
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Group 5

4 5 6 7 8

Standard deviation for each factors

Injury frequency difference

Differences in weekly

" training frequency

Standard Deviation of
employment Years

Age standard deviation

= Height standard deviation

FiGure 1: The basic situation of 15 skiers.

sensing, the problems found in the experimental test are
recorded and analyzed. Corresponding corrective plans are
developed to improve athletes’ ability to prevent injuries,
and practical guidance and a solid data basis were provided
for athletes’ future training norms and appropriate health
training.

3.2. Process

(1) The training load monitoring methods for cross-
country skiing in this experiment mainly include
laboratory monitoring and sports field monitoring
methods. From the perspective of environmental
construction, release the monitoring command cen-
ter, collect the video data of the scene and the
transmission system, the world system, analyze the
composition and structure of the smart ski training
system, and design the data warehouse

(2) Collecting human body data during exercise through
multiple sensors can provide a database for studying
the characteristics of human movement, the prog-
ress of exercise levels, and the analysis of sports
techniques

Based on the camera projection model, the sensor char-
acteristics are analyzed, the error and accuracy of the sensor
are measured through experiments, and the image registra-
tion model under the condition of introducing the camera

rotation angle information is derived by using the transfor-
mation relationship of the camera movement. The biased
measurement of the local sensor is used to estimate the value
of the observation deviation, and it has a qualified value that
is approximately equal to a certain value. The prediction of
the difference of this value can be more advantageous to
refine the problem of coupling between the two in the
estimation method. The experimental results provide no
guarantee. To improve the practicability of the model, an
accurate matching scheme for the measurement error of
the rotation angle is proposed. The size of the angle error
is set to limit the size of the search function in a certain
range, to avoid the global search and improve the matching
operation speed. Improve nonprofessional training items,
improve the traditional national ski training process, com-
bine the actual needs of coaches and cross-country skiers,
and make full use of digital technologies such as multisensor
combination and athlete posture tracking to realize the col-
lection and processing of athlete-related training data during
the experiment, video viewing, target tracking, and data
retrieval services, providing data support and operational sup-
port for scientific training. First of all, we have made statistics
on the basic conditions of these 15 cross-country skiers,
recorded in Figure 1, and attached the corresponding heart
rate tables to the corresponding training items of these 15
cross-country skiers under normal circumstances (Table 1).
We classified the 15 athletes according to their age
difference, height difference, and working time difference.
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TaBLE 1: In general, the heart rate table corresponds to different training items.

Training purpose

Training intensity (AT)

Main training methods Heart rate during exercise

Adjusted training 60-80
Improve glycolipid coordination function 90-95
Anaerobic threshold training 95-105
VO,max training 105-110
Lactic acid tolerance training >110

Uniform speed skating 120-140

Incremental sliding 150-170

Intermittent slip 160-180
Uniform speed skating >180
Uniform speed skating >180

TABLE 2: Statistics of data acquisition items.

Serial number Sports event

Technical index requirements

Target tracking

DS NS BN SUR N

Track the number of athletes at the same time
Track athlete speed
Position and speed measurement frequency
Position measurement accuracy
Speed measurement accuracy

Working environment

1500 track full coverage
3 people
>5m/s
1 Hz or more
Plus or minus 1 meter
Plus or minus 1 meter per second
-40°, gale

In addition, we analyzed the injury frequency of each group
member and the weekly training frequency standard, to keep
the athletes near the center of the video screen and the
camera; the rotation process is smooth; the speed is smooth,
and there is no frustration. It is necessary to set the rotation
speed of the dome camera to match the sliding speed of the
athlete; that is, the angular velocity of the athlete relative to
the dome camera is roughly equal to the rotation speed of
the dome camera, which is convenient and targeted, to
conduct comparative research on the records of athletes’
cross-country skiing events, such as using classification
analysis at different ski speeds and different wind directions.

By general analysis and storage of picture data, compar-
ative analysis with historical data, acquisition of athletes’
specific snow field information, and analysis of the relative
movement of the camera and the target athlete, the mathe-
matical model of the athlete’s tracking camera is obtained.
This process requires high planning efficiency and fast
response speed. Therefore, the test items related to the
experiment in this article are recorded in Table 2, and the
hardware facilities required during the experiment are
recorded in Table 3.

The test items required for this experiment include tar-
get tracking, the number of synchronously tracked skiers,
the speed of the athletes during exercise, the frequency of
position and speed testing, the accuracy of position measure-
ment, the accuracy of speed measurement, and the environ-
ment of the on-site test at that time. To ensure the accuracy
of the data and save the workload, the experiment decided to
test 15 athletes in groups during the test. The groups are
based on the basic situation of the athletes and their usual
training. The standard basis for grouping factors is the level
and skiing level.

In the first step of the experiment, we first have a basic
understanding of the screen sensing and data recording
structure flow (Figure 2).

Fifteen cross-country skiers performed the first round
of testing. After analyzing the data on a multisensor and
video integrated platform, we recorded the test results in
Figure 3.

According to the data in Figure 3, during the exercise
test of cross-country skiers, the third group with the largest
height standard deviation has the highest speed measure-
ment accuracy after data analysis on the multisensor and
video integrated platform, but the position measurement
accuracy is the opposite. All test groups are the lowest; the
second group with the largest age standard deviation has
the lowest speed measurement accuracy. And the frequency
of position and speed testing is second; the third group of
skiers with the lowest target tracking has the highest speed
measurement accuracy. The highest position accuracy rate
is 4.8, the highest speed accuracy rate is 4.7, and the highest
target tracking accuracy rate is 2.3.

In addition, wind direction, wind force, temperature,
and other factors may affect the training effect and cause
slight changes in ski performance. By analyzing weather fac-
tors, it can help coaches develop a reasonable training plan
and explain slight fluctuations in athlete performance. In
this experiment, 15 skiers were divided into 5 groups for
group testing, and there are three people in each round of
speed skating competition at the same time, assuming that
the five groups are numbered (1, 2, 3, 4, and 5), and the
weather factors at different marked points and the athletes’
various aspects of the process are recorded in Figure 4.

The weather conditions of the different groups partici-
pating in the test vary with the test time. The data in
Figure 4 show that the wind is the lowest when the tem-
perature is the highest during the test, and the cross-
country skier’s skiing speed reaches the highest point
when the temperature is the lowest during the test. In
addition, the athlete’s movement range and physiological
function will also change with the change of difficulty.
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TaBLE 3: System hardware equipment-related information table for recording screens and data.

Appellation Amounts Features

Panoramic camera 10 Flexible adjustment
Spherical camera 5 Fixed viewing angle video monitoring
LCD screen 1 Screen high-definition display
Video integrated platform 2 Multifunctional integration

GPS positioning system 5 Precise positioning

Chent Image imaging

record
Spherlcal camera
oo
N Vldeo camera
Server
Athlete
Athletes
' Video display device
Video integrated platform processor
FIGURE 2: Screen sensing and data recording structure flow chart.
5.5
5 |
4.5 —
S 44
2
=
& 3.5+
3
2.5 -
2 T T T T
Track athlete speed Position and speed ~ Position measurement Speed measurement
measurement accuracy accuracy
frequency
Test items
—— Group 1 —— Group 4
—— Group 2 —— Group 5

—— Group 3

FIGURE 3: 15 cross-country athletes first-round test-related data statistics.

Stronger than the wind, the athlete’s exercise process is  and conducted separate tests for indoor and outdoor.
more difficult. To this end, we adjusted and improved  The basic conditions of indoor and outdoor test sites are
the hard conditions that can be changed by these tests  recorded in Table 4.
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FIGURE 4: Weather conditions and physical condition data at different marked points.
TABLE 4: Basic configuration of indoor and outdoor test sites.
Indoor Outdoor
Temperature Constant temperature -20° Minus 40°
Wind conditions Closed environment without wind Gale

Piste conditions
Number of sensor devices

Target tracking

Small amplitude change

Segmented tracking

Diverse situations
5 10
Ski track tracking

Compared with the outdoor situation, the indoor situa-
tion tends to be more stable in any aspect. During the test,
the picture recording and data recording and analysis are
simpler than the outdoor test. Due to the relative reduction
of the influence factors of the change, and the temperature
and control of wind are controllable indoors, the use of
sensor equipment is relatively reduced.

After making adjustments, we conducted a new round of
indoor tests for these 5 groups of athletes, mainly for data
analysis of the speed, position and speed test frequency,
position measurement accuracy rate, and speed measure-
ment accuracy rate of the athletes during exercise. The data
is recorded in Figure 5.

According to the data in the table, the accuracy of posi-
tion measurement and speed test have been improved.
Under this circumstance, it is helpful for coaches to make
improvements in subsequent training, such as athletes’
movement norms, sports postures, and avoidance. With
injury inertia, reduced adverse reactions, etc., through calcu-
lations combined with relevant data, the cross-country
skier’s action, continuity, body inclination angle, direction
of borrowing force, gravity point, self-regulation ability,
etc., were predicted and tested, and the changes before and
after the data are recorded in Table 5 and Figure 6.

From Table 5, it can be found that the cross-country
athletes adjust the athlete’s posture prediction based on the
combination of multisensing and video platforms, and their

movements on the ski trail are more consistent, which can
accelerate the athlete’s skiing speed to a large extent. The size
of the tilt angle can affect the direction of the athlete’s
borrowing force and the adjustment of gravity during the
exercise. On the whole, the gravity point of the living body
is difficult to grasp during the operation, but the data analy-
sis is carried out through a combination of multiple sensors.
A feasibility data basis is presented.

In addition, a comprehensive comparative analysis of 15
cross-country athletes before and after the improvement,
such as action specifications, sports posture, and the degree
of injury, is comprehensively compared and analyzed as
shown in Figure 6 (the standard is marked as 5).

Through the method of video feedback, it can widely
mobilize students’ skills, enhance the sense of picture and
expressiveness, cultivate the establishment of normative
practice and the foundation of practical technical skills,
and improve the quality of learning, and loop playback of
videos can dig out the behavioral image to carry out the
cerebral cortex.

4. Discussion

Attitude measurement technology originally served the fields
of aerospace, industrial control, and military industry.
Today, science and technology are changing rapidly and
developing rapidly, and it has become a leading force in
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FIGURE 5: Statistics related to training of indoor cross-country athletes.

TaBLE 5: Comparison of various factors before and after adjustment of cross-country skiers.

Factors

Before the change

After the change

Action continuity

Poor and easy to lose balance

Strong continuity

Body tilt angle Maximum 135° Up to 170°
Leverage direction Single Multidirection
Gravity point Fixed and high Low and adjustable

Self-regulation

Lack of capacity

Easy to grasp

15 athletes

[ I I I I
-5 -4 -3 -2 -1

0 1 2 3

I I I I 1
4 5

Data comparison

® Before improvement
= After improvement

FiGUure 6: Comparison of data before and after improvement.

promoting the continuous rise of the global economy. At the
same time, attitude measurement technology has also been
greatly updated, is more integrated into daily work and
human life, and is widely used in many new electronic
products. A posture measurement system integrates many
advantages such as miniaturization, low cost, low power
consumption, high reliability, and high integration. Image
compression and data processing technology are an impor-
tant part of multisensor data integration. It can overcome

the size range, geometric shape, and depth of field describing
the spatial resolution of a single image and greatly improve
the quality of the captured image. In the spatial registration
problem, most methods only consider the estimation prob-
lem under the condition of one or two system errors. The
system error is still incomplete, and it is subject to mutual
coupling and high nonlinearity. In the problem that multiple
systematic errors exist at the same time, the method of esti-
mating the systematic error is usually only suitable for the
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estimation under certain conditions, and the estimation
effect is not ideal for the problem of large deviation. By sep-
arating the estimation of the observation standard deviation
and the platform’s positioning and positioning deviation,
only the biased measurement of the local sensor is used to
estimate the value of the observation deviation, so that the
estimation result of the observation deviation will not be
affected by the platform’s positioning and positioning devia-
tion, eliminating the previous estimation problem of cou-
pling the two in the method combined with experimental
data; using technology to improve equipment, the selection
of genetic materials, new sports equipment, new equipment
facilities, skates, etc., will of course have the greatest impact
on improving athletes’ performance.

5. Conclusion

The use of sensor data to identify the human body will con-
tinue to flourish with the development of sensor technology:
as the energy consumption of the sensor decreases, the
volume becomes smaller, the sensitivity increases, and the
accuracy improves; as more algorithms are proposed and
introduced, I believe this subject direction can have more
research and applications on various human actions, various
human behaviors, and even more people-to-human interac-
tion occasions. Use multiple sets of sensors to record data of
wind direction, wind force, temperature, and other factors at
all times, combined with athletes processed by related tech-
nologies. The resolution of the sliding speed is the response
speed of the image extracted at different setting shooting
points in the image. The cross-country speed skating group
test is used as a screening method for the weak links of the
speed skating team athletes. The precision and performance
analysis of the precision positioning technology in landslide
monitoring and the use of practical application scenarios for
in-depth discussion and analysis can facilitate the discovery
of athletes’ movements. Existing performance problems
can be screened and identified as action patterns that need
to be paid attention to. Effectively, objectively, and compre-
hensively detect the functional problems of the athlete’s
body, understand the specific situation of the athlete, update
the study in time, regularly promote the progress of the ath-
lete, and prevent the occurrence of the athlete’s injury. The
selection is made in combination with the athlete’s actual
situation, physiological characteristics, and project charac-
teristics, and the training content is adjusted in time under
the principle of corrective training. Through in-depth
research on theory and practice; the use of sports training,
sports physiology, sports biochemistry, and other scientific
and technological means; and research methods conducted
on the training process of cross-country skiing events in
my country, a monitoring mode for cross-country skiing
training is established; that is, the effect of sports training
is the maximum guarantee, athletes will not have excessive
fatigue, a guarantee for my country’s cross-country skiing
events is provided, excellent results in international com-
petitions are created, and the status and long-term devel-
opment of my country’s cross-country skiing in the
international winter sports field are ensured.

Journal of Sensors

Data Availability

The data underlying the results presented in the study are
available within the manuscript.

Conflicts of Interest

The authors declare that they have no conflicts of interest.

Acknowledgments

This work was supported by the (1) State Key R&D Program
(No. 2018YFF0300603) “Key Technology for Improving the
Performance of Winter Paralympic Athletes,” (2) Compre-
hensive Key Laboratory of Sports Ability Evaluation and
Research of the General Administration of Sport of China,
and (3) Beijing Key Laboratory of Sports Function Assess-
ment and Technical Analysis.

References

[1] T. Stoggl, C. Schwarzl, E. E. Miiller et al., “A comparison
between alpine skiing, cross-country skiing and indoor cycling
on cardiorespiratory and metabolic response,” Journal of
Sports Science and Medicine, vol. 15, no. 1, pp. 184-195, 2016.

[2] P. Dillenbourg, “The evolution of research on digital educa-
tion,” International Journal of Artificial Intelligence in Educa-
tion, vol. 26, no. 2, pp. 544-560, 2016.

[3] T. Stoggl and A. Martiner, “Validation of Moticon's OpenGo
sensor insoles during gait, jumps, balance, and cross-country
skiing specific imitation movements,” Journal of Sports Sci-
ences, vol. 35, no. 2, pp. 196-206, 2017.

[4] R. Z. Szabo, I. Vuksanovi¢ Herceg, R. Handk et al., “Industry
4.0 implementation in B2B companies: cross-country empiri-
cal evidence on digital transformation in the CEE region,” Sus-
tainability, vol. 12, no. 22, article 9538, 2020.

[5] T.Stoggl, B. Welde, M. Supej et al., “Impact of incline, sex and
level of performance on kinematics during a distance race in
classical cross-country skiing,” Journal of Sports Science ¢
Medicine, vol. 17, no. 1, pp. 124-133, 2018.

[6] P. H. Schelkun, “Cross-country skiing: ski-skating brings
speed and new injuries,” The Physician and Sportsmedicine,
vol. 20, no. 2, pp- 168-174, 2017.

[7] C. Gonzalez-Millan, D. Perez-Brunicardi, J. J. Salinero et al.,
“Physiological demands of elite cross-country skiing during a
real competition,” Journal of Strength & Conditioning Research,
vol. 31, no. 6, pp. 1536-1543, 2017.

[8] D. Svensson, “Technologies of sportification: practice, theory
and co-production of training knowledge in cross-country ski-
ing since the 1950s,” European Studies in Sports History, vol. 9,
no. 1, pp. 1-29, 2016.

[9] M. Zhou, Y. Long, W. Zhang et al, “Adaptive genetic
algorithm-aided neural network with channel state informa-
tion tensor decomposition for indoor localization,” IEEE
Transactions on Evolutionary Computation, 2021.

[10] M. Zhou, Y. Li, M. J. Tahir, X. Geng, Y. Wang, and W. He,
“Integrated statistical test of signal distributions and access
point contributions for Wi-Fi indoor localization,” IEEE
Transactions on Vehicular Technology, vol. 70, no. 5,
pp. 5057-5070, 2021.



Journal of Sensors

(11]

(12]

(13]

(14]

(15]

(16]

(17]

(18]

(19]

(20]

(21]

(22]

(23]

(24]

[25]

M. Bartosik-Purgat, “Digital marketing communication from
the perspective of individual consumers: a cross-country com-
parison,” Entrepreneurial Business and Economics Review,
vol. 7, no. 3, pp. 205-220, 2019.

E. Trgen, B. Rud, @. Karlsson et al., “Pole length's influence on
performance during classic-style snow skiing in well-trained
cross-country skiers,” International Journal of Sports Physiol-
ogy and Performance, vol. 15, no. 6, pp. 1-8, 2019.

Y. Shen, W. Hu, and C. J. Hueng, “Digital financial inclusion
and economic growth: a cross-country study,” Procedia Com-
puter Science, vol. 187, no. 1, pp. 218-223, 2021.

F. Z. Tanjung, R. Ridwan, and U. A. Gultom, “Reading habits
in digital era: a research on the students in Borneo University,”
Language and Language Teaching Journal, vol. 20, no. 2,
pp. 147-157, 2017.

K. A. Semmens, M. C. Anderson, W. Kustas et al., “Monitoring
daily evapotranspiration over two California vineyards using
Landsat 8 in a multi-sensor data fusion approach,” Remote
Sensing of Environment, vol. 185, no. 185, pp. 155-170,
2016.

M. Dao, N. H. Nguyen, N. M. Nasrabadi, and T. D. Tran,
“Collaborative multi-sensor classification via sparsity-based
representation,” IEEE Transactions on Signal Processing,
vol. 64, no. 9, pp. 2400-2415, 2016.

M. Herrmann, P. A. Auger, C. Ulses, and C. Estournel, “Long-
term monitoring of ocean deep convection using multisensors
altimetry and ocean color satellite data,” Journal of Geophysical
Research Oceans, vol. 122, no. 2, pp. 1457-1475, 2017.

B. J. Liu, Q. W. Yang, X. Wu, S. D. Fang, and F. Guo,
“Application of multi-sensor information fusion in the fault
diagnosis of hydraulic system,” International Journal of Plant
Engineering & Management, vol. 22, no. 1, pp. 12-20, 2017.

T. M. Seeberg, J. Tjgnnas, O. M. H. Rindal, P. Haugnes,
S. Dalgard, and @. Sandbakk, “A multisensor system for auto-
matic analysis of classical cross-country skiing techniques,”
Sports Engineering, vol. 20, no. 4, pp. 313-327, 2017.

J. Morgan and G. O'Donnell, “Multi-sensor process analysis
and performance characterisation in CNC turning—a cyber
physical system approach,” The International Journal of
Advanced Manufacturing Technology, vol. 92, no. 1-4,
pp. 855-868, 2017.

A. S. Gebregiorgis, P. E. Kirstetter, Y. E. Hong et al., “Under-
standing overland multisensor satellite precipitation error in
TMPA-RT products,” Journal of Hydrometeorology, vol. 18,
no. 2, pp. 285-306, 2017.

W. Yi, M. Jiang, R. Hoseinnezhad, and B. Wang, “Distributed
multi-sensor fusion using generalised multi-Bernoulli densi-
ties,” Iet Radar Sonar & Navigation, vol. 11, no. 3, pp. 434—
443, 2017.

N. Roberto, E. Adirosi, L. Baldini et al., “Multi-sensor analysis
of convective activity in central Italy during the HyMeX SOP
1.1,” Atmospheric Measurement Techniques, vol. 9, no. 2,
pp. 535-552, 2016.

J. Pitarch, G. Volpe, S. Colella, H. Krasemann, and R. Santoleri,
“Remote sensing of chlorophyll in the Baltic Sea at basin scale
from 1997 to 2012 using merged multisensor data,” Ocean Sci-
ence, vol. 12, no. 2, pp. 2283-2313, 2016.

E. Taghavi, R. Tharmarasa, T. Kirubarajan, Y. Bar-Shalom,
and M. Mcdonald, “A practical bias estimation algorithm for
multisensor multitarget tracking,” IEEE Transactions on Aero-
space and Electronic Systems, vol. 52, no. 1, pp. 2-19, 2016.

(26]

(27]

11

R. Kumar and P. Acharya, “Flood hazard and risk assessment
of 2014 floods in Kashmir Valley: a space-based multisensor
approach,” Natural Hazards, vol. 84, no. 1, pp. 437-464, 2016.

Z.Xing, Y. Xia, L. Yan, K. Lu, and Q. Gong, “Multisensor dis-
tributed weighted Kalman filter fusion with network delays,
stochastic uncertainties, autocorrelated, and cross-correlated
noises,” IEEE Transactions on Systems Man & Cybernetics Sys-
tems, vol. 48, no. 99, pp. 716-726, 2016.



	Digitalization of Cross-Country Skiing Training Based on Multisensor Combination
	1. Introduction
	2. Calculation of Ski Training Posture Method
	2.1. Cross-Country Skiing
	2.2. Measurement of Skiing Posture
	2.3. Multisensor Data Fusion

	3. Multisensor Digital Materials and Experimental Methods
	3.1. Object
	3.2. Process

	4. Discussion
	5. Conclusion
	Data Availability
	Conflicts of Interest
	Acknowledgments

