
Vol.:(0123456789)

Mobile Networks and Applications 
https://doi.org/10.1007/s11036-024-02419-4

RESEARCH

An Intelligent Proofreading for Remote Skiing Actions Based 
on Variable Shape Basis

Tie Li1 · Jun Wang1 · Katarzyna Wiltos2 · Marcin Woźniak2

Accepted: 2 September 2024 
© The Author(s) 2024

Abstract
The current proofreading algorithms for action regulation mainly recover the 3D structure and action information of non-
rigid objects from image sequences by factorization. Most of algorithms assume that the camera model is an affine model. 
This assumption only holds if the size and depth of the object change very little relative to the distance from the object to 
the camera, which is in the case of fixed-shape basis. When the object is very close to the camera, this assumption causes a 
large reconstruction error. This paper solves this problem by the intelligent proofreading algorithms for remote skiing teach-
ing actions based on variable shape basis. Firstly, the improved Retinex algorithm is used to enhance the multi-frame video 
images of skiing actions to make the action details more prominent. Then, measurement matrix is calculated after eliminat-
ing the translation vector by coordinate transformation. Under the condition of rank constraint, the measurement matrix is 
decomposed by singular value decomposition algorithm, and the correct shape basis structure of 3D action features can be 
obtained by using the variable shape basis. Finally, by randomly initializing a parameter, the optimized parameter and the 
least square algorithm are used to optimize the randomly initialized parameter further. The iteration until the convergence of 
the objective function can be used to calculate the deformation degree of the actions. The test results show that this algorithm 
improves the proofreading accuracy of action regulation in skiing teaching, and the proofreading results of various uploaded 
sliding actions are correct, which can be applied to remote skiing teaching and community learning.

Keywords Remote skiing teaching · image proofreading · Variable shape basis · parameter initialization · iterative 
convergence · objective function

1 Introduction

As a highly professional sport with high technical require-
ments, skiing is very important for the majority of learners to 
have standardized action skills [1]. However, the traditional 
alpine skiing teaching is limited by fixed time, location and 
resources, which hinders the learning effect of enthusiasts to 
a certain extent. With the vigorous development of mobile 
education technology, online teaching programs combining 
mobile technology and rich teaching resources are emerg-
ing, enabling learners to obtain high-quality guidance and 
watch real-time action demonstrations at any time, which 

undoubtedly greatly improves the flexibility and efficiency 
of learning skiing [2, 3]. The combination of alpine skiing 
with online education and community learning is expected 
to establish an innovative teaching model to provide alpine 
skiing enthusiasts with a personalized, keen learning experi-
ence and deepen their understanding and mastery of alpine 
skiing skills. In this context, the development of relevant 
proofreading algorithms for action regulation becomes par-
ticularly critical in alpine skiing teaching [4, 5].

Traditional video playback and manual analysis algo-
rithms are inefficient and miss critical information. In 
recent years, there are few researches on the proofreading 
algorithms for skiing actions, but there are many researches 
on the recognition and proofreading for skiing actions, and 
some research results have been achieved. For example, in 
reference [6], Taima et al. study a human action recognition 
algorithm based on initial attention, which more accurately 
identifies and understands human behaviors and actions by 
focusing on specific regions or features in video or sensor 
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data. Traditional algorithms based on initial attention have 
limitations in capturing key features of skiing actions, and 
they may overlook subtle but critical features such as center 
of gravity shifts, speed changes, and posture adjustments. 
In reference [7], Hoang et al. study a human action clas-
sification algorithm based on deep Gabor network. Deep 
Gabor network combines the advantages of Gabor filter and 
deep learning network, which can automatically learn and 
extract multi-scale and multi-direction features in images or 
videos so as to analyze human actions more accurately. But 
skiing is usually done outdoors and is significantly affected 
by light and weather conditions. These changes may lead to 
a decline in the quality of the video images, which further 
affects the effectiveness of the deep Gabor network in recog-
nizing skiing actions. In reference [8], Anindita et al. study 
the human action recognition algorithm based on machine 
learning and meta-heuristic algorithms. The human action 
recognition is completed by machine learning technology, 
and the machine learning model is optimized by simulating 
the natural evolution process to improve its generalization 
ability. However, there are significant differences among 
different skiers in action regulation, skill levels and habits. 
Machine learning can have difficulty adapting to these dif-
ferences, leading to errors in recognizing the skiing actions 
of different individuals. In reference [9], Palak et al. study 
an improved human action recognition algorithm based on 
action flow and deep learning. Through the deep learning 
model, this algorithm can extract and learn the complex 
features of human actions, and combine the continuity of 
action flow to accurately identify various human actions, 
including different actions in skiing. However, the action 
flow information of this algorithm is easily affected by the 
quality of human action images. Therefore, more diversified 
skiing data sets, including data of different scenes, different 
skills and different lighting conditions, need to be collected 
to improve the generalization ability of the model so as to 
ensure the effect of action recognition.

The variable shape basis is extracted from a large number 
of shape samples and can represent the common features of 
these shapes and the variations between them. In the field of 
machine learning vision, variable shape bases can be used 
to construct a shape space where each point represents a 
specific shape. By interpolating or deforming in this shape 
space, new shapes can be generated or existing shapes can 
be expanded and adjusted. In the remote skiing teaching, 
we use the collected skier movement data to train the three-
dimensional movement feature variable shape structure 
and identify the correct movement pattern. For example, if 
a skier's turn action deviates from the standard action, the 
correct action can be simulated by adjusting the variable 
shape base and instructing the skier how to make the adjust-
ment. Therefore, in order to solve the problem in the above 
algorithms, and quickly and accurately identify the actions 

that do not meet the regulation, so as to more effectively 
carry out action guidance and correction, and improve the 
teaching efficiency. On the basis of the above research, the 
combination of alpine skiing teaching and online distance 
education, the introduction of shape-changing basic idea, the 
design of intelligent image proofreading algorithm for action 
adjustment in alpine skiing teaching, to provide a conveni-
ent, flexible and personalized learning path for alpine skiing 
enthusiasts, and provide a full range of teaching resources 
and technical support for their learning. In this paper, an 
intelligent proofreading method for remote skiing teach-
ing action is proposed based on variable shape basis and 
factorization. The improved Retinex algorithm is used to 
enhance the multi-frame skiing action video image, which 
effectively improves the image quality, especially in the case 
of poor lighting and weather conditions, and reduces the 
impact of image quality decline on the recognition effect. 
By calculating the measurement matrix after eliminating the 
translation vector by coordinate transformation and using 
the singular value decomposition method, the key features 
of ski action can be captured more accurately, which is help-
ful to overcome the limitation of traditional methods based 
on initial attention in capturing fine features. The correct 
shape base structure of 3D motion features in ski images 
can be obtained by using the shaper base idea, which can 
adapt to the differences of different skiers' movement norms, 
skill levels and habits, improve the generalization ability of 
machine learning models, and reduce the errors in recogniz-
ing different individual ski movements. By randomly initial-
izing parameters and using least square method for optimiza-
tion, and iterating until the objective function converges, the 
deformation degree of the action can be calculated, and the 
accuracy of the normative calibration of the action can be 
improved, especially when dealing with complex features 
and continuous motion.

2  Design of Proofreading Algorithm 
For Action Regulation in Skiing Actions

2.1  Enhancement of Video Image Sequences 
of Skiing Actions

Skiing actions often have high-speed, complex features 
such as glide trajectories, posture adjustments, jumps, and 
spins. If the video image quality is poor, such as low resolu-
tion, blurring, jittery or affected by illumination, these key 
action details may be ignored or misjudged, which result in 
reduced recognition accuracy of action regulation [10, 11]. 
Through image enhancement, the clarity and contrast of the 
image can be improved, so that the action details are more 
prominent so as to improve the accuracy of recognition. The 
Retinex algorithm is able to simulate the adaptability of the 
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human visual system to light changes, thus maintaining the 
consistency of image details and colors under different light-
ing conditions. By separating the reflection component and 
light component of the image, the algorithm can effectively 
improve the contrast and detail visibility of the image, which 
is crucial for capturing key features in the ski action. How-
ever, while enhancing image contrast, it can lead to color 
distortion, especially when dealing with complex scenes. 
In order to overcome this shortcoming, a color correction 
mechanism is introduced to reduce color distortion while 
enhancing contrast. Therefore, the improved Retinex algo-
rithm is used to enhance the video images of skiing actions 
uploaded by users. The algorithm of Gaussian pyramid and 
convolution sampling is used to sample the video image T  
of skiing actions. The sampling result F�+1(i, j) is as follows:

where n, m represent the number of rows and columns of pix-
els sampled from the video images of skiing actions, i ∈ n , 
j ∈ m ;  � and A(n,m) represent the number of pyramid layers 
and the number of Gaussian convolution kernels, respec-
tively. The Gaussian weights are obtained by using the pixel 
differences and spatial spacing of the video images of skiing 
actions, and the regions where there are large differences 
between neighboring pixels and where the light intensity are 
the minimum or the maximum are the noisy regions, which 
are then processed by reducing the center weights. The video 
images of skiing actions are filtered on the x axis and y axis 
to obtain the filter function:

where � and �(T) denote the set of spatial pixel points, the 
sum of weights respectively; a, � denote the distance func-
tion, similarity function respectively; d denotes the deriva-
tion. After completing the bilateral filtering [12], the noise 
in the image can be reduced, making the subsequent contrast 
adjustment smoother and more natural, and avoiding image 
degradation caused by noise. After the bilateral filtering, the 
contrast compression of the image can be expanded to ensure 
that the overall contrast of the image is properly adjusted 
while maintaining the details, which provides a better basis 
for the subsequent image amplification and interpolation. 
The double cubic difference algorithm is used to obtain 
accurate interpolation graphics by using the pixel informa-
tion of the four neighborhood of the image after contrast 
compression, which can enhance the magnification effect of 
the ski action video image while maintaining the clarity and 
detail of the image. Finally, the processed image sequence is 
re-encoded into a video format, ensuring smoother and more 
realistic ski action output. The results of bi-cubic difference 
processing are as follows:

(1)F�+1(i, j) =

2∑
n=1

2∑
m=1

A(n,m)F�(n − i,m − j)

(2)Γ(T) = F�+1(i, j)�(T)(a(�,T) + �(�,T))d�

where �ij denotes the weight coefficient of image pixels, 
�(x), �(y) denote the horizontal coordinate weight and ver-
tical coordinate weight of the video image pixels of skiing 
actions, respectively.

After completing the formula (3), the processed video 
images of skiing actions are subtracted from the original 
images in logarithmic space, which aims to achieve color 
constancy and detail enhancement of the video images of 
skiing actions based on scale invariance. The color recovery 
of the enhanced images is achieved by using the S-type func-
tion, which compresses the range of regions on both sides 
of the brightness in the images based on the features of the 
S-type function. The overall visual effect of the images are 
improved by the use of hierarchical processing, after the 
completion of logarithmic domain subtraction process of 
the video images of skiing actions, which need select the 
sigmoid function to implement the S-curve function stretch-
ing [13]. The sigmoid function is as follows:

The information in the ski action video image sequence 
has different importance in different spatial scales. Although 
the S-curve function stretching process can improve the con-
trast of the image, it can lead to the loss of some details or 
excessive enhancement on a single scale. Therefore, multi-
scale processing technology is introduced. With multi-scale 
processing, contrast adjustments can be made separately at 
different scales, and the results can then be fused to achieve 
a more balanced contrast enhancement. Multi-scale process-
ing can capture both detailed features in the image (such as 
the tiny movements of athletes) and macro structures (such 
as the layout of the entire ski scene), thus improving the 
adaptability and accuracy of the proofreading system. After 
completing the S-curve function stretching process, the con-
trast formula of video image sequences of skiing actions is 
as follows:

where f1,  f2 denote the contrast coefficient, pixel value coef-
ficient, Q(T) denotes the enhanced video images of skiing 
actions.

2.2  Extracting 3D Feature from Skiing Actions 
of Non‑rigid Objects

"Non-rigid body" refers to the process of skiing, the human 
body as a system, its various components (such as joints, 

(3)�(x, y) = Γ(T)

3∑
i=0

3∑
j=0

�ij�(x)�(y)

(4)S(T) =
1

1 + e−� (x,y)

(5)Q(T) =
255

1 + e−f1f2S(T)
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limbs) are not fixed, but can change shape and position. 
This change is due to the flexibility of the body's joints and 
the contraction and relaxation of muscles. The joints of the 
human body (such as the shoulder, elbow, hip, knee, and 
ankle) allow the limbs and torso to move in multiple direc-
tions. For example, the bending and extension of the knee 
joint, the rotation and abduction of the hip joint, etc., these 
joint activities allow the skier's body to adapt to different 
skiing movements and terrain changes. The shape of the 
limbs changes during skiing, such as the swing of the arms, 
the bending and stretching of the legs. These deformations 
are not only to maintain balance, but also to adjust the con-
tact between the ski and the snow surface to achieve turning, 
slowing down and other actions. The twisting of the torso 
is an important part of the skiing action, helping to transfer 
power and adjust the center of gravity. The non-rigid nature 
of the torso allows the skier to effectively use the rotation 
of the body to control the direction of the ski when turn-
ing. Because the shape and position of various parts of the 
human body are constantly changing, the extraction of three-
dimensional features of skiing movements becomes more 
complicated. In non-rigid systems, dynamic characteristics 
are crucial to understanding the nature of ski action. These 
dynamic features can help identify the skier's skill level and 
the accuracy of his movements.

The current proofreading algorithms for action regula-
tion mainly use factorization to recover the 3D structure 
and action information of non-rigid objects from image 
sequences, most of which assume that the camera model is 
an affine model. This is a zero-order approximation (weak 
perspective) or first-order approximation (parallel perspec-
tive) to a projection model of real perspective [14], this 
assumption that only holds if the size and depth of the object 
change very small relative to the distance from the object to 
the camera, which is also in the case of fixed-shape basis. 
When the object is very close to the camera, this assumption 
causes a large reconstruction error. This paper uses the vari-
able shape basis to solve the above problem.

According to the content of image enhancement 
introduced in the last chapter, the measurement matrix 
W = M2F×3KB3K×P is got after eliminating the translation 
vector of the video sequence by coordinate transformation. 
Under the condition of rank constraint, the measurement 
matrix W in the skiing image sequences can be decomposed 
into W = M2F×3KB3K×P . In order to obtain the correct 3D 
shape structure and action information in the skiing image 
sequences, two tasks are still needed.

First of all, this decomposition result is not unique, 
for any non-singular matrix Q of 3K × 3K order, there is 
W = (MQ)(Q−1B) . It is necessary to find a transforma-
tion matrix Q to make the skiing action matrix M still have 
blocky structure, eliminate affine ambiguity and finally get 
the exact result. Secondly, it is necessary to decompose the 

action matrix M further, so as to obtain the rotation matrix 
Ri and the weighting coefficient �il.

2.2.1  Solving the Transformation Matrix

According to the rank constraint, the rotation matrix Ri 
keeps the unit orthogonal, then:

or

Where (MQ)2i−1 and (MQ)2i are the odd and even lines, 
respectively.

The transformation matrix Q can be obtained by using 
linear least square algorithm for formula (6). In real-time 
or near-real-time ski action video application scenarios, 
computational efficiency is an important consideration. The 
reason of using linear least square method to solve trans-
formation matrix is that it can be efficiently completed by 
matrix operation and is suitable for large-scale data process-
ing. However, linear least squares can encounter robustness 
and accuracy problems when dealing with data containing 
noise, outliers, or nonlinear deformation. To overcome the 
limitation of linear least square method, a singular value 
decomposition algorithm is introduced, which can capture 
the intrinsic structure of data, including nonlinear deforma-
tion. Through singular value decomposition, the main pat-
terns of the data can be extracted, which contain the charac-
teristics of nonlinear deformation, thus helping to describe 
and deal with nonlinear problems more accurately. Then the 
action matrix M = MQ and shape basis matrix B = Q−1B 
are obtained.

2.2.2  Solving the Rotation Matrix and Weighting 
Coefficient

The rotation matrix M and the weighting coefficient �il are 
obtained by further decomposition of the action matrix M . 
In order to perform singular value decomposition on the 
action matrix M , it is necessary to re-adjust the two rows of 
each matrix M to form a matrix block, that is:

Then for each matrix block:

(6)

⎧
⎪⎨⎪⎩

(MQ)2i−1(MQ)T
2i−1

= (MQ)2i(MQ)T
2i
=

K�
l=1

�il

(MQ)2i−1(MQ)T
2i
= 0�

(MQ)2i−1(MQ)T
2i−1

− (MQ)2i(MQ)T
2i
= 0

(MQ)2i−1(MQ)T
2i
= 0

M =
[
MT

1
MT

2
. . . MT

F

]T
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In the matrix block, Ri =

[
ri1 ri2 ri3
ri4 ri5 ri6

]
 . The matrix block 

Mi is rearranged as follows:

Obviously, the rank of the matrix is maximized to 1, so 
the singular value decomposition is performed on M̃i to get 
the deformed rotation matrix ℜi and the weighting coef-
ficient matrix Ωi . The singular value decomposition is per-
formed on M̃i which has the number of F, and the deformed 
rotation matrix ℜi and weighting coefficient matrix Ωi of 
each skiing image frame can be obtained.

The decomposition result of formula (7) is still not 
unique, and for any non-zero constant C , then there is 
M̃i = ΩiC

1

C
ℜi . And the constant C can be obtained by min-

imizing formula (8):

Therefore, ℜi =
1

C
ℜi , Ωi = ΩiC can be further obtained.

The rotation matrix Ri of 2 × 3 order can be obtained by 
adjusting the row vector ℜi . However, the rotation matrix 
Ri obtained by singular value decomposition cannot guar-
antee its unit orthogonal, so the rotation matrix Ri needs to 
keep unit orthogonal. Assuming that singular value of Ri 
is decomposed into UΣVT , where U and V  are respectively 
the orthonormal matrices of 2 × 2 and 3 × 3 order, Σ is 2 × 3 
order matrix composed of singular values of Ri . If Ri is unit 
orthogonal, then both singular values are 1. So, the rotation 
matrix:

This formula guarantees that the rotation matrix satisfies 
the property of unit orthogonal. According to the results of 
rotation matrix and weighting coefficient, the shape matrix 

S̃i can be obtained from the formula: S̃i =
K∑
l=1

𝜔ilSl.

2.2.3  Solving the Number of Shape Bases

In the distance skiing teaching, the movements of differ-
ent learners will be very different. In the scenario of dis-
tance learning, real-time or near-real-time proofreading 
of actions is usually required. A suitable number of shape 

Mi =
[
�i1Ri . . . �iKRi

]
2×3K

(7)M̃i =

⎡⎢⎢⎢⎢⎢⎢⎣

𝜔i1

𝜔i2

.

.

.

𝜔iK

⎤⎥⎥⎥⎥⎥⎥⎦
K×1

�
ri1 ri2 . . . ri6

�
1×6

= Ωiℜi

(8)f (C) = min ‖‖Ωi − Ωi−1
‖‖F

(9)Ri = U

[
1 0 0

0 1 0

]
VT

bases can ensure that the model has enough adaptability to 
adapt to the movement characteristics of different learners, 
and has good generalization ability, that is, it can main-
tain the accuracy of proofreading on new learners or new 
movements. The number of shape bases directly affects 
the ability of the model to express the skiing action. If the 
number of shape bases is too small, the model will not be 
able to accurately capture the subtle changes of the action, 
resulting in inaccurate calibration results. If the number 
of shape bases is too large, although it can capture more 
details, it will also lead to excessive complexity of the 
model, increase the computational burden, and may lose 
the generalization ability due to over-fitting in practical 
applications.

The selection of the number named K of shape bases is 
very important for the application of the algorithm. If the 
number is too large, although the accuracy of the algorithm 
can be guaranteed, it will increase the calculation time of the 
algorithm. Moreover, it is not the case that the more shape 
bases are selected, the higher the accuracy of the algorithm 
will be, so it is unnecessary to select too many shape bases 
[15, 16]. However, if the number is too small, although the 
real-time performance of the algorithm is enhanced, it will 
increase the errors of the algorithm and even make the algo-
rithm invalid. Therefore, too small number of shape bases 
should not be selected. At present, the selection of shape 
bases is fixed, so selecting a proper number of shape bases 
is very important for the effectiveness of the algorithm. 
The rank of the measurement matrix reflects the number 
of intrinsic linear independent components of the data. In a 
shape-based model, these linearly independent components 
can be considered candidates for a shape basis. By solv-
ing the rank of the measurement matrix, it is possible to 
determine the number of basic patterns or features present 
in the data that can be used as shape bases to describe and 
reconstruct the ski action. The selection of K in this paper is 
obtained by calculating the rank of the measurement matrix, 
it is dynamic, and that is:

where rank(W) represents the rank of the measurement 
matrix W  , which reflects the amount of linearly independ-
ent information in the data. By this method, the algorithm 
can adjust the number of shape bases adaptively according to 
the features of the input data, so as to improve the real-time 
performance while maintaining the effectiveness of the algo-
rithm and realize the improvement of the fixed number of 
shape bases strategy in the traditional algorithm. Therefore, 
this paper greatly improves the real-time performance of the 
algorithm on the premise of ensuring the effectiveness of the 
algorithm, which is also the improvement of the algorithm 
compared with the traditional algorithm.

(10)K =
⌊
rank(W)∕3

⌋
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2.2.4  Optimizing the Weighting Coefficient

According to the 3D shape of the features of the skiing action 
images reconstructed by the traditional factorization method, 
the reconstructed image will rotate 180 degrees along the Z 
axis in the process of continuous changes between the front 
and back frames [17–19]. In addition, the changes between 
the front and back frames of the skiing images are also dis-
continuous. At the same time, in skiing, due to the complex 
and changeable environment, image acquisition will indeed 
face challenges such as noise, occlusion and light changes. 
Shape continuity constraints aim to maintain the smooth-
ness and consistency of object shapes over time series. This 
constraint is usually based on the assumption that the shape 
of the object will not change dramatically in a short period 
of time. When a part of the skier is obscured, the shape con-
tinuity constraint can use the shape information before and 
after the occlusion to infer the shape of the obscured part. 
For example, if a skier's arm is obscured by a tree branch, the 
shape of the obscured part can be estimated using the motion 
trajectory and shape changes of the arm before and after 
the occlusion. In the case of drastic illumination changes, 
shape continuity constraints can identify and correct the 
shape errors caused by illumination changes by comparing 
the shape changes of adjacent frames. The shape informa-
tion before and after the illumination changes can be used 
to adjust the shape estimation to reduce the influence of the 
change on the shape extraction. Therefore, in the process of 
further optimization of the weighting coefficient, this paper 
adds the shape continuity constraint, so that the object can 
change continuously between the front and back frames, 
which reduces the ambiguity of the object actions.

In theory, the rank of the adjusted skiing action matrix M̃i 
of K × 6 order is 1, but in the actual calculation process, its 
rank is far greater than 1 or even close to the maximum 6, 
so there are large errors in the rotation matrix and weighting 
coefficient obtained by direct application of singular value 
decomposition. In this paper, on the basis of the rotation 
matrix and the weighting coefficient obtained by singular 
value decomposition of the adjusted action matrix M̃i of 
K × 6 order, the weighting coefficient matrix Ωi is further 
optimized by using the least square algorithm to minimize 
the following formula.

where Ωi represents the weighted coefficient matrix of the i 
frame skiing image, ℜi represents the row vector composed 
of the first two rows of the rotation matrix of the i frame 
image, S̃i represents the shape matrix of the i frame image, 
i = 1, 2, ......F。

Finally, this paper also limits the symbol of the weighted 
coefficient matrix so that the symbol of the weighted 

(11)f (Ωi) = min(‖‖M̃i − Ωiℜi
‖‖F + ‖‖S̃i − S̃i−1

‖‖F)

coefficient of all frames is consistent, which makes the shape 
of the key features of the skiing actions keep moving in the 
same direction without flipping during the change process, 
and further reduces the ambiguity of skiing actions of the 
non-rigid objects.

2.3  Intelligent Image Proofreading for Skiing 
Action Regulation

2.3.1  Process of Obtaining Parameter Matrix of Action 
Structure

At present, the problem of using nonlinear optimization 
algorithm to solve parameters is essentially solving the 
description of rotation matrix Q and shift matrix T  . In the 
algorithm of using L-M optimization, these two parameters 
are regarded as the unknown in the objective function of 
formula 11. First of all, the initialization algorithm of rota-
tion matrix Q is introduced.

In this paper, the algorithm of obtaining the rotation 
matrix by the factorization is combined to carry out the ini-
tialization of Q . The measurement matrix W2F×P composed 

of the feature points 
[
uij
vij

]
i = 1, ...,F

j = 1, ...,P
 of each frame of the 

skiing images is known ( F represents the number of image 
frames, P represents the feature points of a frame image), 
and the goal is to find the 3D structure s̃i3×P and rotation 
matrix Ri3×3 of each frame image.

In a shape matrix, a complex three-dimensional shape is 
usually represented as a combination of a set of simple basic 
shapes (i.e. shape bases). These basic shapes can be complex 
shapes (such as templates for human body parts). By adjust-
ing the parameters of these basic shapes, a variety of com-
plex three-dimensional shapes can be generated. Linear 
combinations allow multiple basic elements to be combined 
by weighting coefficients to generate new complex elements. 
In three-dimensional shape representation, linear composi-
tion means that by adjusting the weights of the shape bases, 
different shape variations can be generated. Non-rigid body 
motion refers to the fact that an object changes its shape and 
size during motion. In the analysis of human motion, non-
rigid body motion is particularly important because the 
joints and muscles of the human body allow complex shape 
changes in various parts of the body. In order to capture the 
dynamic change of the shape of a non-rigid body, it is neces-
sary to consider the shape change on a time series by apply-
ing a weighted linear combination of shape bases in the time 
dimension to generate a continuous sequence of shape 
changes. Therefore, assuming that the 3D shape of non-rigid 
objects is a weighted linear combination of shape bases, then 

there is S̃i =
K∑
l=1

𝜔ilSl , where �il represents the weighting 

coefficient, Sl is the shape basis, and K is the number of 
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shape basis. When K = 1,�il = 1 , which reflects the case of 
rigid objects.

Under the weak perspective projection model, there is:

where Ri are the first two rows of the rotation matrix Ri3×3 , 
Ti are the first two elements of the translation vector Ti3×3 , 
eT
n
= [1, ..., 1]1×n . W = M2F×3KB3K×P is obtained through the 

transformation of the coordinate for formula (12) with origin 
as the centroid.

The matrix M2F×3K contains information about the rota-
tion matrix. The rotation matrix Ri and weighting coeffi-
cient �il are obtained by further decomposition of the skiing 
action matrix M . In order to perform singular value decom-
position of the action matrix M , it is necessary to re-adjust 
the action matrix M and form a matrix block with every two 
rows for M , that is:

Then for each matrix block:

In the matrix block, Ri =

[
ri1 ri2 ri3
ri4 ri5 ri6

]
 . The matrix block 

Mi is rearranged as follows:

Obviously, the rank of the matrix is maximized to 1, so 
the singular value decomposition is performed on M̃i to get 
the deformed rotation matrix ℜi and the weighting coef-
ficient matrix Ωi . The singular value decomposition is per-
formed on M̃i which has the number of F, and the deformed 
rotation matrix ℜi and weighting coefficient matrix Ωi of 
each skiing image frame can be obtained.

The decomposition result of formula (13) is still not 
unique, and for any non-zero constant C , then there is 
M̃i = ΩiC

1

C
ℜi . And the constant C can be obtained by min-

imizing formula (14):

Therefore, ℜi =
1

C
ℜi , Ωi = ΩiC can be further obtained.

The rotation matrix Ri of 2 × 3 order can be obtained by 
adjusting the row vector ℜi . However, the rotation matrix 

(12)
[
ui1, ..., uiP
vi1, ..., viP

]
= Ri(

K∑
l=1

�ilSl) + Tie
T
n

M =
[
MT

1
MT

2
. . . MT

F

]T

Mi =
[
�i1Ri . . . �iKRi

]
2×3K

(13)M̃i =

⎡⎢⎢⎢⎢⎢⎢⎣

𝜔i1

𝜔i2

.

.

.

𝜔iK

⎤⎥⎥⎥⎥⎥⎥⎦
K×1

�
ri1 ri2 . . . ri6

�
1×6

= Ωiℜi

(14)f (C) = min ‖‖Ωi − Ωi−1
‖‖F

Ri =

[
ri1 ri2 ri3
ri4 ri5 ri6

]
 is obtained from M̃i by singular value 

decomposition. Since the quaternion algorithm is used to 
solve the rotation matrix. The rotation matrix of each 
frame partially uses three parameters to express 
Ri =

[
ai, bi, ci

]
 . The exponential mapping of the rotation 

matrix according to the quaternion algorithm displays as 
ai = ri6;b = −ri3;c = ri2 . Then Ri =

[
ai, bi, ci

]
 is regard as 

the initial value of the rotation matrix Qi in the i frame 
image. After getting Qi , Qi could be brought it into the 
objective function. Then a set of values of Ti called Ti′ are 
got by using a random initialization algorithm and a non-
linear optimization algorithm on the objective function. In 
this way, after two rounds of nonlinear optimization, Ti′ 
and Qi will be used as the initial value of the parameter 
matrix of the de-action structure.

2.3.2  Calculating the Deformation Degree of Actions

After the image feature coordinates are transformed so 
that the origin of the image coordinate system is located 
at the centroid of the object and the translation vector is 
eliminated, the measurement matrix W = M2F×3KB3K×P is 
got. Obviously, the rank of the measurement matrix is not 
greater than 3K(assuming 2m > 3K, n > 3K  ). Therefore, 
the value of K  is of great significance to the estimation 
of shape and action parameter of action image sequences, 
which is an important parameter reflecting the deformation 
degree of non-rigid object shape [20–22]. The estimation 
of the deformation degree of a non-rigid object is actually 
an estimation of the value of K. The presence of noise 
makes the position of the measured feature points change 
randomly, which affects the recognition of the value of 
K. In addition, when the feature points are lost, the lost 
feature points must be recovered before the value of K 
can be further estimated, otherwise, the value of K can-
not be estimated. To solve these problems, the estimation 
algorithm of the value of K is proposed when considering 
both noise and data loss.

The coordinates representing the skiing actions can be 
viewed as a random process. The coordinates of all feature 
points in the iframe image are represented as a column vec-
tor Ŵi =

[
ui1, … , uiP, vi1, … , viP

]T . Then:

The above formula (15) can be abbreviated as:
(15)

ŴT
i
= [𝜔i1R

1

i
, . . . ,𝜔iKR

1

i
,𝜔i1R

2

i
, . . . ,𝜔iKR

2

i
]
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S1
⋮ 0

SK
S1

0 ⋮

SK

⎤⎥⎥⎥⎥⎥⎥⎦
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where R
1

i
 and R

2

i
 are the first and second line respectively. 

The noise � of the feature points can be regarded as a random 
process with the mean of zero. It is obvious that the shape 
basis B′ of the skiing image sequences is unchanged. The 
correlation coefficient matrix Ŵ can be calculated as follows:

C� is the noise covariance matrix, and how to calculate 
this matrix is discussed below. From the principle analysis, 
the noise covariance of the feature points is a function of 
tracking algorithm and its parameters and the luminance 
variation near the tracking skiing feature points. The errors 
of tracking point position introduced by the tracking algo-
rithm are non-uniform and correlated, which depends on 
the structural features of the local image. For example, it 
has high reliability for tracking uij and vij of the corner point 
j ; For a point called j on a line, the tracking in its gradient 
direction has high reliability (normal flow), and the tracking 
reliability in its tangent direction is very low, which is the 
directional error. For xij of the given array image Ii:

The Hessian matrix describes the second derivative infor-
mation of the local region of the image, reflecting the curva-
ture and rate of change of the image at that point. In feature 
point detection, the determinant of the Hessian matrix (or 
its feature value) is often used to determine key points in the 
image, which usually correspond to edges, corners, or other 
significant features in the image. Since these feature points 
are relatively stable in the image, an approximate noise 
covariance matrix can be obtained by using the inverse of 
Hessian matrix, which reflects the sensitivity of these feature 
points to noise. The noise covariance of the j feature point 
in the i skiing image can be estimated by the inverse of the 
Hessian matrix, that is:

The elements of Hessian matrix are the second derivative 
and partial differential of image brightness in the direction 
of the x axis and y axis. Formula (19) is approximately equal 
to the actual noise covariance after multiplying by a scaling 
factor, which does not have any influence on the application 
[23].

Therefore, the noise covariance matrix can be obtained 
by the following formula:

(16)Ŵi = [M�
1×6KB

�
6K×2P]

T
+ � = B�TM�T + �

(17)R
Ŵ
= E[ŴŴT ] = B�TE[MTM]B + C�

(18)xij =

[
uij
vij

]
, i = 1,⋯ ,F, j = 1,⋯ ,P

(19)

Qij = E[ΔxijΔx
T
ij
] =
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�2I(uij,vij)

�x2

�2I(uij,vij)

�x�y
�2I(uij,vij)

�y�x

�2I(uij,vij)

�y2
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−1

=

�
�2

ij1
�

�

ij

�
�

ij
�2

ij2

�

The inverse of the noise covariance matrix C−1
�

 is calcu-
lated as follows:

Combined with the above formulas, the following for-
mula can be got:

In the above formula (22):

In general, for the 3D features of skiing actions, the maxi-
mum of rank of B′TE

[
MTM

]
B is 6K . The i eigenvalue of the 

matrix H is represented by using �i(H) , then:

Therefore, the matrix H has 6K eigenvalues greater than 
1. The estimation of K is got when just counting the number 
of eigenvalues of the matrix greater than 1 and divide by 6. 
K indicates that the dimension of shape space to express the 
sequences of deformation feature points and the number of 
shape bases to instruct the sequence of simulated feature 
points. Therefore, K can be used to estimate the deforma-
tion degree of skiing feature shape sequences. The degree of 
deformation of skiing features after translation and rotation 
can be defined as follows:

3  Experiment and Analysis

In order to test the effect of this proofreading algorithm for 
action regulation in the remote skiing teaching, it is applied 
to the remote skiing teaching platform. After the remote 

(20)
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teaching platform is built, the function test is carried out to 
judge whether it meets the standard.

3.1  Basic Function Test

In order to ensure the accuracy of the functional test results 
of this algorithm in the experiment, it is necessary to set the 
basic functional parameters of the remote teaching platform 
embedded in it. Reasonable parameter setting is the basis to 
ensure the normal operation of the remote teaching platform, 
and is also an important step to verify whether the algo-
rithm in this paper can be effectively implemented. In this 
experiment, the basic functions of the platform hardware and 
software are tested. In the hardware environment, the server 
project is published on the local Apache server, and the Post-
man software is used to send simulated network requests to 
the server for testing [24], so as to ensure that the server can 
correctly analyze the foreground network requests, execute 
the corresponding business logic processing and return the 
processing results. Then the database connectivity test is 
carried out, which includes whether the data can be stored, 
updated, deleted and obtained correctly and normally. In the 
software environment, the database and operating system of 
the platform are tested. The editing software is designed as 
Eclipse and ADT, the operating system is Window 10, and 
the database is MySQL 5.6. Set the actual parameters in the 
above software, select Apache Tomcat 9.0 server software, 
its port number is 8080, the database server port number is 
3306, the maximum number of connections in the connec-
tion pool is 10, the initial number of connections in the con-
nection pool is 5, and the screen resolution of the Android 
simulator is 1440 × 2960. The memory size is 4 GB, pre-
liminary setting of simulation parameters and adding qumu 
options; With the help of existing tools, real-time acquisition 
of relevant data information; The above related test results 
are recorded and stored in a unified manner.

On this basis, the following experimental results are 
obtained: When entering the platform, alpine skiing skills 
can be learned directly through multiple interfaces. The 
login interface of the student side of this remote skiing 
teaching platform is shown in Fig. 1.

As shown in Fig. 1, the remote skiing teaching platform 
has the function of self-help action proofreading, which 
is mainly based on the embedding of the algorithm in this 
paper as the core technology.

To train the model used in this algorithm presented in this 
paper, a video dataset containing a variety of skiing actions 
is constructed. This dataset contains skiing videos of differ-
ent skiers, different skiing techniques, and different envi-
ronmental conditions. Improper starting skills and improper 
center control are common problems for skiing beginners, 
and choosing these actions can represent the types of mis-
takes that need to be focused on in skiing teaching. The 
standard action represents the correct technical standard and 
is the reference for proofreading and correcting the wrong 
action. By labeling these specific types of movements, tar-
geted feedback and guidance can be provided for ski instruc-
tion. This kind of comparative learning helps to improve the 
accuracy of the model when proofreading movements. Each 
video has been professionally labeled, which marks whether 
the skier's actions are regulated and the specific reasons why 
they are not regulated.

This data set provides rich samples for the training the 
model, which ensures that the model can learn enough fea-
tures to represent and recognize the skiing actions.

3.2  Test and Analysis of Intelligent Proofreading 
Effect on Remote Skiing Teaching Actions

Figure 2 is the skiing action video images uploaded after 
the self-service action proofreading function is selected. As 
shown in Fig. 3(a), the skiing action video images uploaded 
by the student user have poor image quality and insufficient 

Fig. 1  Platform Interface A mobile online teaching platform for demonstrating standardized adminA

Cloud Classroom

Courseware Management

Self service action
verification

Statistical analysis

Teaching resources

Equipment management

Student management
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clarity due to poor weather conditions. In this paper, the 
video images of skiing actions enhancement algorithm 
based on improved Retinex is used to enhance the image 
processing, which significantly improves the visual effect 
of the image, as shown in Fig. 3(b). Such images are not 
only easy to watch and analyze, but also help the platform 
more accurately assess whether the student's skiing actions 
are regulated.

In the above Fig. 2, the enhanced (Fig. 1) is selected to 
detect the 3D key point features on the skeleton of the ski-
ing action video images, and the experimental results are 
shown in Fig. 4.

The detection results of key points on the skeleton in 
Fig. 4 are taken as the input sample of the intelligent image 
proofreading algorithm for action regulation based on the 
adaptive multi-scale graph convolutional network. With the 

Fig. 2  Video annotation 
example Improper center of

gravity control Improper center of
gravity control

Improper center of
gravity control

Action
specificationAction

specification

False start

Fig. 3  Enhancement effect of 
skiing action video images

(1) (2)

(3)

(1) (2)

(3)
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assistance of the visualization function of the remote skiing 
teaching platform, the action-normative intelligent proof-
reading results are displayed as shown in Fig. 5.

As shown in Fig. 5, in the skiing action video image 
uploaded by the student user, it is considered that there are 
errors in the action after proofreading by the algorithm in 
this paper, and the cause of the error is shown as keeping 
knee valgus. Keeping knees valgus when skiing is the wrong 
action. When skiing, learners should maintain a correct pos-
ture and avoid knees valgus. Proper skiing posture includes 
balancing the body, legs slightly bent, knees in line with 

toes, weight in front of the body, etc. This is mainly because 
the improved Retinex algorithm introduced in the method 
in this paper can enhance the detail of the image, making 
small changes in the action and errors more obvious and 
thus easier to detect. At the same time, through the singular 
value decomposition and the shape changing basic idea, the 
three-dimensional motion features of the skiing movement 
can be accurately extracted, so the research method in this 
paper can judge whether the movement is correct.

In order to further test the proofreading function for 
action regulation of this algorithm presented in this paper 
for various skiing actions, 600 skiing video images are 
randomly selected, of which 500 are regulated images and 
100 are non-regulated images. The human action recogni-
tion algorithm based on initial attention in reference [6] and 
the human action classification algorithm based on deep 
Gabor network in reference [7] are selected as the compari-
son algorithm respectively. Sliding down the snow slope, 
cross-country skiing, ski-jump and freestyle as examples, the 
proofreading error results of different algorithms are tested 

Fig. 4  Key point detection results on the skeleton of skiing actions
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movements and techniques in alpine skiing

adminA

Pr
oje
cti
on

Larg
e

scree
n

CurtainMatrixCamera
Air-

conditi
oning

Self service action verification

Proofreading result: Error!

Reason for error: Knee eversion

Fig. 5  Intelligent proofreading results for action regulation

Table 1  The regulated proofreading effect of different algorithms on 
various skiing actions

Actual data of skiing action images

Action Type Number of correct 
actions/piece

Number of 
incorrect 
actions/piece

Slide down the snow slope 50 10
Cross-country skiing 100 20
Ski-Jump 150 30
Freestyle 250 40
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under the prerequisite of different skiing actions. The results 
of proofreading are shown in Tables 1, 2, 3 4.

According to the experimental results, compared with the 
human action recognition algorithm based on initial atten-
tion in reference [6] and the human action classification 
algorithm based on deep Gabor network in reference [7], 
the proposed proofreading algorithm shows lower errors for 
the action regulation in four types of skiing actions, and also 
has higher accuracy in the recognition of different actions in 
the set of skiing actions. Because the algorithm proposed in 
this paper uses the shape-changing basis idea, it can get the 
correct three-dimensional motion feature shape basis struc-
ture in the ski image. By randomly initializing the param-
eters and using the least square method for optimization, 
the algorithm can gradually adjust the parameters to reach 
the optimal solution. This iterative process helps to reduce 
errors and improve the accuracy of action proofreading and 
recognition. This advantage is especially reflected in the 
complex technical actions such as ski-jump and freestyle 
skiing, which verifies the effectiveness and accuracy of 

this algorithm in dealing with complex skiing actions. This 
algorithm can capture the features of skiing actions more 
accurately, provide more accurate proofreading results and 
provide a new solution for the field of remote skiing teach-
ing, which is helpful to improve the teaching quality and 
user experience.

4  Conclusion

The intelligent proofreading algorithm for remote skiing 
teaching based on variable shape basis is proposed in this 
paper, which has brought a revolutionary change to the field 
of skiing teaching with its unique technical advantages. The 
algorithm makes full use of the latest progress of artificial 
intelligence and image processing technology, which can 
automatically identify and analyze the skier's action per-
formance in the images, and realize the efficient and accu-
rate proofreading accuracy of the skiing action regulation. 

Table 2  The regulated 
proofreading effect of different 
algorithms on various skiing 
actions

Method in this article

Action Type Number of correct 
actions/piece

Number of incorrect 
actions/piece

Number of method 
proofreading errors /
piece

Slide down the snow slope 50 10 1
Cross-country skiing 100 20 2
Ski-Jump 150 30 1
Freestyle 250 40 3

Table 3  The regulated 
proofreading effect of different 
algorithms on various skiing 
actions

Reference [6] method

Action Type Number of correct 
actions/piece

Number of incorrect 
actions/piece

Number of method 
proofreading errors /
piece

Slide down the snow slope 48 12 2
Cross-country skiing 99 21 3
Ski-Jump 149 31 3
Freestyle 201 39 5

Table 4  The regulated 
proofreading effect of different 
algorithms on various skiing 
actions

Reference [7] method

Action Type Number of correct 
actions/piece

Number of incorrect 
actions/piece

Number of method 
proofreading errors /
piece

Slide down the snow slope 40 20 3
Cross-country skiing 105 15 4
Ski-Jump 145 35 7
Freestyle 198 42 6
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Compared with traditional teaching algorithms, this algo-
rithm has obvious advantages. First of all, it breaks through 
the restrictions of time and space, making skiing teaching 
no longer subject to the constraints of time and space, and 
providing more people with the opportunity to contact and 
learn skiing. Secondly, through intelligent image technol-
ogy, the algorithm can detect whether the skier's actions are 
regulated in real time and automatically, and give immedi-
ate feedback and guidance, which greatly improves the effi-
ciency and accuracy of teaching. In addition, the algorithm 
is highly intelligent and personalized, which could carry 
out personalized teaching guidance according to different 
learners' level and needs to help learners master skiing skills 
faster and improve learning effects. At the same time, this 
algorithm also could carry out intelligent analysis and evalu-
ation according to the learner's action performance, so as to 
provide powerful data support for teaching and promote the 
continuous improvement of teaching quality.

To sum up, the intelligent image proofreading method 
proposed in this paper, with its advantages of high efficiency, 
accuracy, intelligence and individuation, has injected new 
vitality into the development of remote skiing teaching. 
However, the coordinate transformation and measurement 
matrix calculation in the research depend on the camera 
Angle. If the position or Angle of the camera changes, the 
elimination effect of the translation vector may be affected, 
which in turn affects the accuracy of the measurement 
matrix. Therefore, in view of the impact of camera Angle 
changes on coordinate transformation and measurement 
matrix calculation, the following research will introduce 
dynamic Angle tracking technology to track camera motion 
in real time, and adjust coordinate transformation and meas-
urement matrix calculation accordingly. This may require a 
combination of motion estimation and tracking algorithms. 
Through these targeted studies, the adaptability of the algo-
rithm to camera Angle changes can be improved, so as to 
improve the accuracy and robustness of coordinate transfor-
mation and measurement matrix calculation.
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