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ABSTRACT

Learning Tai Chi requires long-term practice and guidance, which is difficult for beginners. This 
article proposes a Tai Chi-assisted training and scoring method based on motion capture technology 
and a dynamic time warping (DTW) algorithm. Firstly, by using motion capture technology, the key 
point data of Tai Chi movements can be accurately captured. Then, using the DTW algorithm, the 
learner’s action sequence is compared and matched with the standard Tai Chi action sequence in order 
to evaluate the learner’s action accuracy and fluency. Learners can promptly correct incorrect actions 
and improve the accuracy and fluency of their actions. This method has significant advantages in 
accuracy and reliability. In summary, the Tai Chi-assisted training and scoring method based on motion 
capture technology and DTW algorithm provides an effective auxiliary tool for Tai Chi learners, which 
can help them better master the techniques and essence of Tai Chi. This study is of great significance 
for promoting the popularization of Tai Chi and improving the learning effectiveness of Tai Chi.
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INTRoDUCTIoN

Taijiquan is one of China’s intangible cultural heritages, which is not only a kind of dialing profound 
Chinese martial arts but also an internal and external cultivation, rigid and flexible sports program, 
which has the functions of competitive confrontation, physical fitness, and cultivation of sentiment, 
and promotes the physical and mental health of human beings.

The Dynamic Time Warping (DTW) algorithm is a method for comparing the similarity of two 
time series (Chong & Polap, 2022). It is widely used in the fields of time series analysis, pattern 
recognition, and data mining, especially when dealing with time series with large variations in length 
or local alignment problems. The main idea of the DTW algorithm is to compute the similarity 
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between two time series by pitting them against each other by establishing the best correspondence 
between different time points of the time series (Lin et al., 2022). This pairing process allows some 
local deformations that allow the similar parts of the sequences to be aligned without the need for 
perfectly equal correspondences. Therefore, the DTW algorithm is particularly well suited to deal 
with transformations, such as warping, scaling, and translation of time series (Li, 2022).

The teaching process of Taijiquan in China’s colleges and universities is based on traditional 
collective and small-group teaching, supplemented by student-stratified-assisted teaching (Pashin et 
al., 2019). The traditional mode of learning Taijiquan movements is time-consuming. It is not easy 
for students to find out the mistakes and negligence in their movements during the learning period, 
and it is difficult to self-evaluate. Therefore, in the face of the problems highlighted in the traditional 
Taijiquan teaching mode, the teaching of Taijiquan is in urgent need of a training assistance model 
that incorporates computer network technology to help students learn. In this context, research on 
a Taijiquan training assistance system based on motion capture technology and a DTW algorithm 
was carried out.

Since the development of computers in 1946, human-computer interaction (HCI) technology has 
influenced the development of computer technology. HCI is the study of the development of human 
and computer technology. Human-computer interaction is the study of the process of information 
exchange between humans and computers and is studied for the aesthetics and user-friendliness of 
the system, which is nowadays applied in all aspects of life (Zhu et al., 2018).

The way of human-computer interaction belongs to the natural user interface; we can communicate 
with the computer through three-dimensional (3D) virtual reality, emotional computing, multichannel 
interaction, intelligent user interface, and other somatosensory technologies to realize human-computer 
interaction with human core convenient to operate and more interesting. Therefore, integrated 
intelligence has become an important feature of a Chinese Taijiquan-assisted training system (Hilfiker 
et al., 2018).

In this study, we will take Taijiquan as an example and combine the DTW algorithm with motion 
capture technology to design a Taijiquan-assisted training model, aiming to make learners’ Taijiquan 
training more intelligent, data-driven, and visualized, and to bring more standardized and reliable 
suggestions for learners’ daily taijiquan training.

Using the local search algorithm based on a DTW factor, three characteristic parameters related 
to the influence index of Taijiquan athletes, and an auxiliary training system are selected, and an 
auxiliary training system based on the characteristic parameters of Taijiquan movement capture 
and training is proposed. Through the study of daily training, gait analysis and testing, and physical 
consumption, the hierarchical framework and index relationship of the whole Taijiquan auxiliary 
training system is defined clearly. The auxiliary system is evaluated from many aspects. In order to 
establish an intelligent Taijiquan auxiliary training system, a multiangle exploration is carried out, 
and then a DTW algorithm is used to analyze the data of athletes’ auxiliary training results.

The innovation lies in the DTW algorithm analysis method. On this basis, it can make full use of 
each athlete’s Taijiquan training and physical characteristics information; through real-time motion 
capture and dynamic tracking, the whole data of athletes can be detected and collected. A DTW 
correlation factor is used to quantitatively describe the similarity degree between each comparison 
column and reference column and the degree of agreement with the expected goal. The minimum 
error is used to quantify the index, and then the influence degree weight of the auxiliary training 
model is determined, which can effectively analyze the factors affecting the skill level of Taijiquan.

Based on motion capture technology and a DTW algorithm, a real-time Taijiquan-assisted training 
system can be developed. Such a system can instantly capture the user’s movements, compare them 
with standard movements, and provide real-time feedback, which is very helpful for beginners to 
help them correct their movements faster and improve their training results.

A model for assisted training and scoring of Taijiquan based on motion capture technology and 
a DTW algorithm can provide real-time feedback to Taijiquan learners to help them correct their 
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movements and improve their skills, which can accelerate the learning process and improve the 
training effect and, at the same time, the researchers can utilize the technology to conduct scientific 
research on Taijiquan movements and to deeply explore the effects on their body.

However, using this technology for training and scoring may make users too dependent on the 
technology, which could affect their ability to learn and perceive body movements on their own. The 
motion capture technology and DTW algorithms may have certain technical flaws that can lead to 
errors or inaccurate scoring, which can affect the effectiveness of training.

The construction of a Taijiquan auxiliary training system is studied, which is divided into three 
parts. In the first part, the domestic and foreign Taijiquan training factors are introduced. In the second 
part, the DTW algorithm-based training model of Taijiquan athletes’ dynamic tracking is constructed, 
and the DCTF(Dynamic Tracking Assistant Training System of Taijiquan) method is used to construct 
the evaluation system of a Taijiquan training effect. The third part tests the evaluation index of the 
dynamic tracking assistant training system of Taijiquan and draws a conclusion.

STATe oF THe ART

Since the 21st century, many colleges and universities in our country had low efficiency in the training 
mode of Taijiquan, especially in the teaching of Taijiquan and the construction of an auxiliary training 
system. Lewis found that most Taijiquan training still follows the traditional Taijiquan training ideas, 
neglecting the training of practical skills and comprehensive abilities(Lewis, 2002). Taijiquan teaching 
only focuses on basic action teaching, repetitive teaching, and uneven teacher level, which makes 
players not interested in traditional Taijiquan training. Therefore, according to the rules of a Taijiquan 
game, we should pay attention to the development of auxiliary teaching or the use of a variety of 
hardware equipment for auxiliary training, strengthen the development and construction of professional 
Taijiquan knowledge courses, and enhance students’ awareness and attention to Taijiquan auxiliary 
training. On the other hand, the ability training of Taijiquan teachers should be improved (Lipsitz 
et al., 2019). Based on the theory of kinematics, Taijiquan training, and other related theories and 
improved particle swarm optimization algorithms, Skrzęta et al first constructed the particle swarm 
optimization algorithm based on the traditional Taijiquan training system, explaining the theoretical 
basis and practical significance of subtle changes in the process of Taijiquan training by using 
different weight distribution methods for different Taijiquan movements(Skrzęta et al., 2021). Then, 
according to the multifactor relationship theory and local cooperation theory, a new multirelationship 
recommendation algorithm was proposed to analyze the cooperation degree of action relationship in 
the traditional Taijiquan training process.

The experimental results show that the heterogeneity information acquisition ability of the local 
weak relation recommendation algorithm is better than that of the classical recommendation algorithm. 
The improved algorithm has better local optimization performance and can have a positive effect on the 
training process of Taijiquan (Chong-gao & Połap, 2022). In order to improve the training efficiency 
of Taijiquan athletes and the overall coordination of Taijiquan movements,Phillips proposed a layered 
Taijiquan training method based on the kinematic theory. Through the research and analysis of the 
dynamic differences of different athletes’ weight, height, body fat, and strength, a new multiaction 
fusion of Taijiquan based on hyper chaos mapping and an auxiliary training system was proposed. 
The effectiveness of the system was verified by practice(Phillips, 2019).

The results show that the algorithm can improve the individual training effect of Taijiquan players 
after stratification, and it is suitable for the analysis of Taijiquan training and the search for problems 
in the training process (Kentish, 2019). In order to find out the difference between different Taijiquan 
movements and the influence of movement sequence on the overall training effect, Song et al. (2018) 
studied 100 Taijiquan fans and simulated the “shape structure chart” in the process of drawing the 
shape of Taijiquan movement, realized the tactical evaluation basis in Taijiquan training, and improved 
the flexible transformation from traditional Taijiquan tactics to modern tactics.
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Finally, the experimental results show that the difference between different movements is large, 
and the correlation between different movements and personnel is not significant. The position of 
the original Taijiquan training method is scrambled by using the chaotic sequence after deformation, 
and the effect of movement sequencing on the overall training effect is studied. The results show 
that the innovative training system of Taijiquan has a good overall coordination effect, can resist 
attack and defense, and be used in the actual combat of Taijiquan (Song et al., 2018). In order to 
solve the problems of low efficiency and tactical effectiveness in the traditional Taijiquan training 
process, Hu and Wu combined the Fourier function algorithm and, based on the traditional Taijiquan 
training fusion strategy technology, proposed the panoramic video Taijiquan movement folding 
search algorithm and a new hyper-chaotic cellular neural network Taijiquan training algorithm to 
generate the information flow in the defensive process of Taijiquan training (Hu & Wu, 2017). The 
results show that the algorithm can effectively reduce the error of search matching block, improve 
the training efficiency, effectively improve the practicability of Taijiquan tactics, and improve the 
effect of Taijiquan in terms of skills. Moreover, the algorithm has the advantages of key sensitivity 
and strong antiattack, which is suitable for Taijiquan training (Yeung et al., 2017).

Motion capture technology has been researched at home and abroad for decades, and it has a 
wide range of applications, mainly in the fields of detection, control, and analysis. It was initially 
proposed by Johansson, a foreign psychologist, in his moving light display (MLD) experiment in 
the late 1970s. He placed tensorized markers on the joints of the experimenter’s body, and the data 
transmitted by the computer from the sensors showed the trajectory of the joints, recording the 
complete process of movement. In the late 1980s, as the research on motion capture technology was 
deepened by famous universities and scientific research institutes in various countries, the technology 
received wider attention all over the world. In 2007, a United States company named Organic Motion 
Inc. introduced a stage motion capture system, which was the first motion capture system in the world 
that did not need to be attached to the human body with a tracker, completely removing the human 
body from the tedious task of tracking. This system is the first motion capture system in the world 
that does not require a tracker to be attached to the human body, completely freeing the human body 
from cumbersome motion-tracking equipment.

Domestic research on motion capture technology started later than foreign countries. The research 
on digital gloves conducted by the Institute of Automation of the Chinese Academy of Sciences 
(IAAS) mainly introduces a new type of data glove, CAS-Glove. It creates a kind of finger motion 
model according to the characteristics of CAS-Glove and the physiological constraints of fingers.

By analyzing the current situation of motion capture systems, more and more researchers have 
begun to pay attention to the research on motion-capture-based-assisted training systems.Kim et al 
have generally made efforts to reduce the cost, improve the real-time performance, capture accuracy, 
reduce the obstruction to the performers, etc. The research hotspots are mainly based on two aspects. 
On the one hand, they are based on traditional computer vision research, which can be divided into 
mechanical, electromagnetic, acoustic, and optical according to their different principles. On the other 
hand, they are based on the motion capture technology of depth images (Kim et al., 2017).

In conclusion, most of the current Taijiquan training modes do not involve the DTW algorithm, 
the construction of auxiliary training, and a scoring system based on the dynamic capture and training 
data of Taijiquan movements. On the other hand, China has done a lot of basic research on the training 
mode of Taijiquan, but there are relatively few research results in the auxiliary teaching of a Taijiquan 
training process, the specific quantitative training dynamic evaluation system, and the promotion of a 
Taijiquan training effect. But there is no research on the intelligence of the training assistance system 
of Chinese Taijiquan athletes and the construction of related models.
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TAIJIQUAN AUXILIARy TRAINING AND SCoRING SySTeM BASeD 
oN MoTIoN CAPTURe TeCHNoLoGy AND DTW ALGoRITHMS

Application of a DTW Algorithm in the Model
The current mainstream DTW algorithm is an intelligent algorithm with “optimal two-way interaction 
characteristics” based on the idea of dynamic programming, which adjusts the overall structure of 
the Taijiquan training process in both directions and automatically groups the structures to select 
the best way (Lv et al., 2017). Through the random processing of single “node” structures (meaning 
a single Taijiquan action capture set with weak correlation or similarity) characterized by multiple 
“information source” structures (nodes), the mutual coupling analysis of bidirectional Taijiquan 
training morphology structures and the vector processing analysis of multiple coupling combinations, 
it is possible to achieve the optimal method with the “optimal interaction characteristics combinations 
of vector processing analysis, which can achieve the overall optimization of the overall morphology 
of the carpal bones and the analysis of the carpal bone morphology” (Xu et al., 2017).

Looking at the entire Taijiquan training population, it is more likely that multiple structural groups 
with high structural similarity of movements will be identified and then selected for two or more 
tests and analyses, whereas movements with low correlation between carpal bone morphology and 
structure are less likely to be selected for two or more analyses (Chong-Gao & Polap, 2022). After 
this multiple comparative analysis, the new generation with overlapping characteristics of carpal bone 
morphology growth demands not only the inherited information from the previous round of intelligent 
selection of carpal bone morphology and structure but also to optimize it better than the previous 
generation. In this way, after several interactive cycles of bidirectional carpal information, a specific 
training process that meets the minimum normal training requirements is finally generated, that is, the 
analyzed value of the normal boundaries of the morphology of a certain Taijiquan movement is close 
to the value of the normal requirements of the actual Taijiquan movements, so as to realize the unique 
Taijiquan movements under the conditions of the “optimized DTW algorithm” in the training process.

In this way, the unique Taijiquan movements under the “optimized DTW algorithm” condition 
can be captured and recorded in the overall morphology analysis during the training process (Salgado 
et al. 2016). Moreover, the model can realize self-learning and recording functions, and the more 
data processes accumulated from exercise training, the stronger the system’s self-learning ability and 
self-evaluation ability (Hachaj & Ogiela, 2020). Above is the DTW algorithm used in the research 
of Taijiquan motion capture and Taijiquan-assisted training and scoring model.

Implementation Steps of a DTW Algorithm in This Model
Suppose there are two sequences of actions: A = (A1,A2,..., Ai,..., Am), B = (B1,B2,..., Bj,..., Bn). A 
is the test sequence, B is the template sequence, m,n denote a total of m and frames of the action 
sequences A and B, respectively. Ai denotes the feature vector of the “i” frame, and Bj denotes the 
feature vector of the “j” frame. When m = n, the cumulative distance between two action sequences 
can be calculated directly. When m ≠ n, it is necessary to stretch or shorten the two action sequences, 
so in the construct of the matrix of m * n, the elements of the matrix (i,j) represent the distance from 
point Ai on the curve to the curve Bj. d(Ai,Bj), this distance uses the Euclidean distance to measure the 
similarity. The smaller the Euclidean distance, the greater the similarity. The formula is as follows:

d Ai Bj A B w
w

N

iw jw
= ( ) = −( ) ≤ ≤

=∑,
1

2
1 N . (1)

The formula represents the Euclidean distance between the corresponding points of two action 
sequences, where Aiw and Bjw are the eigenvalues of the ith and jth frames of action sequences A and 
B, respectively. N is the dimension of the action sequence, as shown in Figure 1.
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The line passing through each point aligned between sequences A and B is called a regularized 
path, which is the optimal path from point (1,1) to point (m,n). W denotes the planning path, and the 
kth element of W is defined as Wk = (i,j)k, which has the following:

W = {w1,w2,...wk,...wk} max(m,n)£  k £ m + n – 1 . (2)

The dynamic regularization path needs W to satisfy three constraint cases, including boundary 
constraints, continuity constraints, and monotonicity constraints. Combining the three constraints can 
be introduced. The point y(i,j) has only three elements connected to it, which are (I + 1,j), (i,j + 1), 
(I + 1,j + 1). Define y(i,j) as the sum of the Euclidean distance of Ai and Bj and the distance of the 
nearest element that can reach this point, which is called the cumulative distance. In the constraints, 
starting from the point of (1,1), the search arrives at the point of (m,n) point ends. The cumulative 
distance is inversely proportional to the similarity. The larger the cumulative distance, the less 
similarity between the two action sequences.

γ(i,j) = d(Ai, Bj) + min{y(I – 1,j – 1), y(i,j – 1), y(I – 1, j)} . (3)

The dynamic time regularization path of the traditional DTW algorithm is an upward folding 
line, which is a folding line close to the diagonal at the most ideal time. However, as the amount of 
data increases, the regularization path cannot approach the diagonal, resulting in an increase in both 
computation and complexity, leading to a lower recognition rate. In addition, the DTW algorithm 
in the dynamic regularization process may appear on a sequence of points, and another sequence 
of multiple points mapping will have an impact on the calculation, so the DTW is improved. The 
improved formula is as follows:

γ(i,j) = d(Ai,Bj) + min{αy(I – 1, j – 1), βγ(i,j – 1), δγ (I – 1,j)} . (4)

Figure 1. DTW regularization path
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α, β, δ are optimization coefficients that reduce unnecessary mappings and shorten the path 
search time.

Different from the traditional DTW algorithm, this method realizes the scoring and intelligent 
analysis of Taijiquan movements by comparing them with the standard values, performing arithmetic 
processing and analysis. This method provides a more accurate and intelligent aid for Taijiquan 
training, which is expected to improve the training effect and movement skills of youths, see Figure 3.

First of all, the Taijiquan movement in the first round of training is locked and screened, and 
the movement capture is carried out. The wrist shape, the vector representation combination of the 
Taijiquan movement, and the data set of the Taijiquan movement capture of different groups with 
high similarity are selected (Hachaj et al., 2018). Different types of carpal bones are constructed. 
The analysis needs of different training processes and the database based on the existing Taijiquan 
movement, wrist shape data intelligent processing model, use a multilayer node structure. It is 

Figure 2. The straight path before and after the improvement

Figure 3. Systematic characteristics of a DTW algorithm (dynamic time warping)



International Journal of Ambient Computing and Intelligence
Volume 14 • Issue 1

8

assumed that the number of primary input values of the target, an implicit input value of demand 
feature, output layer data of demand judgment, and its nodes required in the model are A, B, C, D, 
and E, respectively, as shown in Figure 4. The required coding length L is:

L = A × B + A × C + B × C + A × D + B × E,  

A is the head of the exerciser, BE is the elbow of the exerciser, and CD is the knee area of the 
exerciser.

Next, the demand function of the analysis scheme of the movement form in the training process 
of Taijiquan needs to be determined. In order to realize the two-way analysis and transmission of the 
related Taijiquan movement and the corresponding wrist shape information data input signal W

i
, 

the similar wrist shape of the initial target population and the minimum analysis scheme demand 
value X

i
 in the movement process of Taijiquan movement are assigned to the DTW algorithm. 

Therefore, the square sum of the error between the output value of the demand coefficient and the 
expected value of demand in the analysis of wrist shape and Taijiquan movement is Y

j
. If the excitation 

function is a symbolic function, the fitness function and excitation function are (5), (6), (7), and (8), 
respectively.
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Figure 4. Carcass structure required code length L
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The specific DTW processing method of analyzing the carpal shape of the target is shown in 
Figure 5. Among them, from x

1
 to x

n
 are random group targets. w

nj
 is the corresponding mode.

Combined with the requirements of the current college students’ wrist shape required for normal 
physical growth (He & Wang, 2018), the Taijiquan movement capture technology and demand 
prediction model mentioned show the difference in carpal shape between the examinee after the 
Taijiquan movement and dynamic movement and combine the difference of carpal shape with the 
time length of the Taijiquan movement and dynamic movement to carry out weight analysis and 
processing in different degrees. Assuming that the key points of the carpal structure corresponding 
to Taijiquan are A, B, C, D, and E, respectively, the stability network of the carpal structure formed 
by Taijiquan is a pentagonal structure, as shown in Figure 4. In this way, the relevant analysis error 
will be greatly reduced, which shows that the actual adaptability of the model is very high, that is, the 
better the analysis and record of the action form of an individual’s youth Taijiquan practitioners, the 
better the growth prediction of the action structure form in the future training process (Lin et al., 2022).

A is the head of the exerciser, BE is the elbow of the exerciser, and CD is the knee area of the 
exerciser.

Finally, in order to find out the influence of the Taijiquan movement capture and dynamic 
movement on the shape and structure of carpus, in this system model, the average value of carpus 
shape corresponding to different groups of training objectives and different movements is compared 
to judge (Lin et al., 2021). The first is the secondary discrimination: the DTW algorithm is generally 
used to select the detected and analyzed carpal shape targets (according to the difference degree 
comparison of the interval values of different types of carpal shape) through the vector group random 
sorting method of normal carpal shape demand degree, that is to say, input in advance in the computer, 
and then calculate and analyze the big data information of carpal shape history corresponding to the 
different Taijiquan. The demand degree of a certain trainer’s carpal shape analysis data (i.e., specific 
carpal shape prediction scheme x) is obtained. Then, the automatic grouping and group vector 
generation are realized through the wrist shape database with similar requirements. Every product 
that meets the minimum normal demand value of carpal shape is discriminated twice and many times 
by the optimized DTW algorithm, and the discrimination probability is intelligently processed by 
the sorting results. The corresponding distribution principle is the high repetition discrimination 
probability corresponding to the normal value of the carpal shape. The analysis values of other carpal 
shapes correspond to the corresponding low discrimination probability; (i.e., secondary or multiple 

Figure 5. Information output diagram
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discrimination) probability (Ribeiro et al., 2016). In this way, by analyzing the carpal bones of groups 
with long-term Taijiquan movement or dynamic movement, the growth data state of carpal bones 
can be found out and compared with the known normal carpal bone structure, and then the degree of 
influence (that is, the difference of movement in the training process of the Taijiquan is represented 
by the difference of carpal bones) can be found out. C1, C2, C3 to Cn are the key monitoring points 
of carpal structure, and the specific detection is shown in Figure 7.

Figure 6. The pentagonal structure formed by the key positions of the carpal morphological structure

Figure 7. The detection process of key monitoring points of carpal structure
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The black circles represent key points for monitoring the structure of the carpal bones and the 
lines represent movement trajectories.

eXPeRIMeNTAL PRoCeSS AND ReSULTS ANALySIS

Auxiliary Training and Scoring Model of Taijiquan Based 
on Motion Capture and a DTW Algorithm
Four points, A, B, C, and D, are the key points to detect the local morphology of the carpal. They are 
also the core factors to realize the auxiliary training and scoring process of the Taijiquan.

In order to find the relationship between the auxiliary correction and training effect of the 
Taijiquan movement so that the Taijiquan movement can better bring a positive impact on the physical 
growth of teenagers, a unique model of the Taijiquan movement capture, prediction, and analysis is 
established from the aspect of a DTW algorithm model construction (Hastomo, 2020). Under the 
Taijiquan-assisted training model, the different ways of wrist shape (for example, the normal carpal 
shape of different ages, different genders, different regions, and different blood types) corresponding 
to different Taijiquan movements and how to analyze whether the carpal shape of the examinee 
conforms to the carpal shape corresponding to the standard Taijiquan movements are mainly based 
on the automatic comparison and analysis system of normal carpal shape on the level of big data 
and the intelligent combination mode of automatic two-way information interaction (Jiménez, 2019). 
After the detection and accurate processing of the key carpal data (if the corresponding weight is 
different, the greater the correlation, the greater the corresponding weight), the carpal shape of the 
specific Taijiquan training population can be analyzed, and the future growth shape can be predicted 
(Papalampidi et al., 2021). This kind of intelligent, comprehensive evaluation method based on big data 
analysis has the following characteristics: it does not need to mark and screen the group characteristics 
of potential Taijiquan exercises in advance but based on the intelligent evaluation process completed 
by the automatic analysis system based on a DTW algorithm (Yang et al., 2021).

Figure 8. Points a, b, c, and d are the core factors in the implementation of the Taijiquan training and scoring process
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The purpose of movement evaluation and analysis is to compare with the standard movement, 
to evaluate the movement sequence to be compared (i.e., to judge how well the movement is done). 
The traditional method is the way of manual observation, relying on experienced coaches, referees 
to point out the differences in the movements and evaluating and scoring the movements. The result 
of scoring is affected by subjective factors, so DTW algorithms are needed to assist manual scoring, 
and the use of human skeletal data for scoring has certain advantages.

The DTW algorithm is used to calculate the DTW distance between the test movement sequence 
and the standard movement sequence as a similarity evaluation parameter. The right wrist and the 
left wrist are chosen as joint angle features. A movement in the Taijiquan was used as the evaluation 
object, and 50 students were selected as samples for the test movement sequence. Most of the DTW 
distances of the left wrist angle were distributed between 200 degrees and 800 degrees. A few were 
distributed between 800 degrees and 1,200 degrees.

For the experimental analysis, the evaluation method was constructed with the following formula:

Sa = Sc – (d1 – d2) * fc, (9)

where Sa denotes the score of an angular feature, and Sc denotes the score of the angular 
assignment, which is 12.5. d1 denotes the value of the DTW distance, and d2 denotes the minimum 
value within the valid interval of the DTW distance. fc is the loss parameter, whose value size is 
related to the magnitude of the movement change, and the loss parameter is small in the joints with 
a large magnitude and large in the joints with a small magnitude. The final score is the sum of the 
joint angle scores of the left and right wrists.

After the experiment to get the base value of DTW distance and joint point loss parameters for 
different joint angles, and finally substituting into the formula to get the score of movement evaluation, 
the results of movement evaluation are shown in Table 2

At present, among the groups who have been engaged in the Taijiquan and power sports for a 
long time in China, the shape and structure of the wrist bones of most people will be more or less 
influenced by the movements and postures of the Taijiquan (Liao et al., 2023), which is imperceptible. 
In the detection of the carpal shape, the system has set up a standard data evaluation model of carpal 
shape and structure corresponding to the Taijiquan. Therefore, the research takes the carpal shape 
corresponding to the standard Taijiquan action randomly selected from multiple groups of carpal 
shapes (two in each group) of multiple targets to be tested in the same age, gender, and region as the 
benchmark test object (Kamel et al., 2019). Therefore, the results of this experiment showed that 
this Taijiquan-assisted training and scoring model based on motion capture technology and a DTW 
algorithm can accurately compare and analyze the current state of the specific target’s carpal shape 

Table 1. DTW distance and loss parameter value table

Perspectives DTW distance d2 (second) The loss parameter fc (%)

Left wrist 200 0.436

Right wrist 230 0.413

Table 2. Movement evaluation results

Joint angle name DTW distance d1 (second) Evaluation mark (score) Professional marking (score)

Left wrist 785 9.9 10.6

Right wrist 587 11.0 11.3
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and structure according to the normal carpal shape corresponding to the standard Taijiquan actions 
of the same age, gender, and region, then it can know whether the shape of the wrist bone of a target 
is affected after the Taijiquan and power exercise, so as to realize the auxiliary evaluation of the 
Taijiquan in the training process (Bascones, 2019).

CoNCLUSIoN

Traditional Taijiquan training methods can no longer meet the current training requirements. On this 
basis, a Taijiquan training scoring model based on motion capture technology and a DTW algorithm 
was studied. Firstly, the research status quo and existing problems of Taijiquan training assistance in 
China were reviewed, and then the Taijiquan training assistance and scoring model based on motion 
capture technology and a DTW algorithm was proposed.

Finally, through experiments, it was found that the similarity between the Taijiquan impact analysis 
scenarios identified by the training assistance and scoring model and the known impact analysis 
scenarios was within a stable standard reference range. The accuracy of the errors indicated that the 
predictive analysis system could analyze the effects of Taijiquan exercise or dynamic exercise on 
the morphological structure of the wrist bone and could be applied to the intelligent analysis system 
of the morphological structure of the wrist bone in adolescents. The experimental results showed 
that the model could be used to determine whether there was movement consistency in the overall 
category of Taijiquan with similar characteristics.

In the movement evaluation, the DTW algorithm was used to match different length curves, and 
a set of formulas was defined with the difference of joint angle curves as the experimental parameters 
to realize the evaluation and scoring of movements. The results showed that the capture model 
based on the DTW algorithm does not differ much from the professional scoring when scoring the 
learner’s movements, which proves the feasibility of the model. However, this model only considered 
the training effect and did not consider other factors, so the model still has room for improvement.

AUTHoR NoTe

The figures used to support the findings of this study are included in the article.
The authors declare that they have no conflict of interests.
This work was supported by General Project of Humanities and Social Science Research in 

universities of the Henan Province (2023-ZZJH-279).
The authors would like to show sincere thanks to those techniques that have contributed to this 

research.



International Journal of Ambient Computing and Intelligence
Volume 14 • Issue 1

14

ReFeReNCeS

Bascones, J. L. J. (2019). Cloud point labelling in optical motion capture systems [Doctoral dissertation, 
Universidad del País Vasco-Euskal Herriko Unibertsitatea]. http://hdl.handle.net/10810/32530

Cheng, F. K. (2015). Does movement-based taiji contribute to mental health? A comprehensive review. Journal 
of Nature and Science, 1(5), e94.

Chong-gao, C., & Połap, D. (2022). Design of action correction assistant system in physical education teaching 
and training based on. NET platform. Mobile Networks and Applications, 27(3), 1228–1239. https://link.springer.
com/article/10.1007/s11036-022-01941-7. doi:10.1007/s11036-022-01941-7

Danielsson, P. E. (1980). Euclidean distance mapping. Computer Graphics and Image Processing, 14(3), 227–248. 
doi:10.1016/0146-664X(80)90054-4

Hachaj, T., & Ogiela, M. R. (2020). RMoCap: An R language package for processing and kinematic analyzing 
motion capture data. Multimedia Systems, 26(2), 157–172. https://link.springer.com/article/10.1007/s00530-
019-00633-9. doi:10.1007/s00530-019-00633-9

Hachaj, T., Ogiela, M. R., & Koptyra, K. (2018). Human actions recognition from motion capture recordings 
using signal resampling and pattern recognition methods. Annals of Operations Research, 265(2), 223–239. 
https://link.springer.com/article/10.1007/s10479-016-2308-z. doi:10.1007/s10479-016-2308-z

Hastomo, W. (2020). Gesture recognition for pencak silat tapak suci real-time animation. Jurnal Ilmu Komputer 
dan Informasi, 13(2), 77–87. 10.21609/jiki.v13i2.855

He, Y., & Wang, F. (2018). Hydrate-based CO 2 capture: Kinetic improvement via graphene-carried–SO 
3− and Ag nanoparticles. Journal of Materials Chemistry. A, Materials for Energy and Sustainability, 6(45), 
22619–22625. https://www.semanticscholar.org/paper/Hydrate-based-CO2-capture:-kinetic-improvement-via-
He-Wang/9409de8b7a85d196e5f05e005e9a71a8a682672b. doi:10.1039/C8TA08785G

Hilfiker, R., Meichtry, A., Eicher, M., Balfe, L. N., Knols, R. H., Verra, M. L., & Taeymans, J. (2018). Exercise 
and other non-pharmaceutical interventions for cancer-related fatigue in patients during or after cancer treatment: 
A systematic review incorporating an indirect-comparisons meta-analysis. British Journal of Sports Medicine, 
52(10), 651–658. doi:10.1136/bjsports-2016-096422 PMID:28501804

Hu, W. R., & Wu, Y. L. (2017). The Taiji Program in Space for gravitational wave physics and the nature of 
gravity. National Science Review, 4(5), 685–686. doi:10.1093/nsr/nwx116

Johansson, P., Hall, L., Sikstrom, S., & Olsson, A. (2005). Failure to detect mismatches between intention and 
outcome in a simple decision task. Science, 310(5745), 116–119. doi:10.1126/science.1111709 PMID:16210542

Kamel, A., Liu, B., Li, P., & Sheng, B. (2019). An investigation of 3D human pose estimation for learning Tai 
Chi: A human factor perspective. International Journal of Human-Computer Interaction, 35(4–5), 427–439. 
doi:10.1080/10447318.2018.1543081

Kentish, S. E. (2019). 110th anniversary: Process developments in carbon dioxide capture using membrane 
technology. Industrial & Engineering Chemistry Research, 58(28), 12868–12875. doi:10.1021/acs.iecr.9b02013

Kim, Y., Baek, S., & Bae, B. C. (2017). Motion capture of the human body using multiple depth sensors. ETRI 
Journal, 39(2), 181–190. doi:10.4218/etrij.17.2816.0045

Lewis, D. (2002). Taijiquan as a spiritual practice. Spirituality and Health International, 3(3), 24–28. doi:10.1002/
shi.100

Li, W. (2022). Application of fine motion capture method for Tai Chi Chuan assistant training. Journal of Sensors, 
2022, 1–11. doi:10.1155/2022/1269042

Lin, K. C., Ko, C. W., Hung, H. C., & Chen, N. S. (2021). The effect of real-time pose recognition on badminton 
learning performance. Interactive Learning Environments, 1–15. doi:10.1080/10494820.2021.1981396

Lin, Z., Chen, H., Rao, F., & Li, D. (2022, October 28–30). Application of AI motion capture technology in 
archery teaching [Conference session]. HBDSS 2022; 2nd International Conference on Health Big Data and 
Smart Sports. VDE, Xiamen, China. https://ieeexplore.ieee.org/abstract/document/10104296

http://hdl.handle.net/10810/32530
https://link.springer.com/article/10.1007/s11036-022-01941-7
https://link.springer.com/article/10.1007/s11036-022-01941-7
http://dx.doi.org/10.1007/s11036-022-01941-7
http://dx.doi.org/10.1016/0146-664X(80)90054-4
https://link.springer.com/article/10.1007/s00530-019-00633-9
https://link.springer.com/article/10.1007/s00530-019-00633-9
http://dx.doi.org/10.1007/s00530-019-00633-9
https://link.springer.com/article/10.1007/s10479-016-2308-z
http://dx.doi.org/10.1007/s10479-016-2308-z
https://www.semanticscholar.org/paper/Hydrate-based-CO2-capture:-kinetic-improvement-via-He-Wang/9409de8b7a85d196e5f05e005e9a71a8a682672b
https://www.semanticscholar.org/paper/Hydrate-based-CO2-capture:-kinetic-improvement-via-He-Wang/9409de8b7a85d196e5f05e005e9a71a8a682672b
http://dx.doi.org/10.1039/C8TA08785G
http://dx.doi.org/10.1136/bjsports-2016-096422
http://www.ncbi.nlm.nih.gov/pubmed/28501804
http://dx.doi.org/10.1093/nsr/nwx116
http://dx.doi.org/10.1126/science.1111709
http://www.ncbi.nlm.nih.gov/pubmed/16210542
http://dx.doi.org/10.1080/10447318.2018.1543081
http://dx.doi.org/10.1021/acs.iecr.9b02013
http://dx.doi.org/10.4218/etrij.17.2816.0045
http://dx.doi.org/10.1002/shi.100
http://dx.doi.org/10.1002/shi.100
http://dx.doi.org/10.1155/2022/1269042
http://dx.doi.org/10.1080/10494820.2021.1981396
https://ieeexplore.ieee.org/abstract/document/10104296


International Journal of Ambient Computing and Intelligence
Volume 14 • Issue 1

15

Lipsitz, L. A., Macklin, E. A., Travison, T. G., Manor, B., Gagnon, P., Tsai, T., Aizpurua, I. I., Lo, O.-Y., & Wayne, 
P. M. (2019). A cluster randomized trial of Tai chi vs health education in subsidized housing: The MI‐WiSH 
study. Journal of the American Geriatrics Society, 67(9), 1812–1819. doi:10.1111/jgs.15986 PMID:31116883

Lv, Z., Zhang, B. B., Wu, X. P., Zhang, C., & Zhou, B. Y. (2017). A permutation algorithm based on dynamic 
time warping in speech frequency-domain blind source separation. Speech Communication, 92, 132–141. 
doi:10.1016/j.specom.2017.06.007

PapalampidiP.KellerF.LapataM. (2021). Film trailer generation via task decomposition. https://arxiv.org/
abs/2111.08774

Pashin, D., Satanin, A. M., & Kim, C. S. (2019). Classical and quantum dissipative dynamics in Josephson 
junctions: An Arnold problem, bifurcation, and capture into resonance. Physical Review. E, 99(6), 062223. https://
journals.aps.org/pre/abstract/10.1103/PhysRevE.99.062223. doi:10.1103/PhysRevE.99.062223 PMID:31330729

Phillips, S. P. (2019). The Zhang Sanfeng Conundrum: Taijiquan and Ritual Theater. Journal of Daoist Studies, 
12(1), 96–122. doi:10.1353/dao.2019.0004

Ribeiro, D., Bernardes, J., Roman, N., Antunes, M., Ortega, E., Sousa, A., Digiampietri, L., Cura, L., Silva, 
V., & Lima, C. (2016). Analysis of choreographed human movements using depth cameras: A systematic 
review. In. Lecture notes in computer science: Vol. 9732. Human-Computer Interaction. Interaction Platforms 
and Techniques: 18th International Conference, HCI International 2016, Toronto, ON, Canada, July 17–22, 
2016. Proceedings, Part II 18 (pp. 82–92). Springer International Publishing. https://link.springer.com/
chapter/10.1007/978-3-319-39516-6_8 doi:10.1007/978-3-319-39516-6_8

Salgado, C. M., Ferreira, M. C., & Vieira, S. M. (2016). Mixed fuzzy clustering for misaligned time series. IEEE 
Transactions on Fuzzy Systems, 25(6), 1777–1794. doi:10.1109/TFUZZ.2016.2633375

Skrzęta, M., Włodyka, R., Pop, T., Włodyka, K., Piasecka, K., Rusek, W., & Cynarski, W. J. (2021). Attempts 
to assess the impact of Taiji Quan and Qigong exercises on emotional states. Ido Movement for Culture. Journal 
of Martial Arts Anthropology, 21(3), 67–78.

Song, S., Yu, J., Ruan, Y., Liu, X., Xiu, L., & Yue, X. (2018). Ameliorative effects of Tai Chi on cancer-related 
fatigue: A meta-analysis of randomized controlled trials. Supportive Care in Cancer, 26(7), 2091–2102. 
doi:10.1007/s00520-018-4136-y PMID:29564620

Xu, X., Lin, F., Wang, A., Yao, X., Lu, Q., Xu, W., Shi, Y., & Hu, Y. (2017). Accelerating dynamic time warping 
with memristor-based customized fabrics. IEEE Transactions on Computer-Aided Design of Integrated Circuits 
and Systems, 37(4), 729–741. doi:10.1109/TCAD.2017.2729344

Yang, R., Tao, R., Wang, Z., & Feng, X. (2021). Etiquette action similarity evaluation based on posture recognition. 
In Knowledge Management in Organizations: 15th International Conference. Springer International Publishing. 
https://link.springer.com/chapter/10.1007/978-3-030-81635-3_33

Yeung, A. S., Feng, R., Kim, D. J. H., Wayne, P. M., Yeh, G. Y., Baer, L., Lee, O. E., Denninger, J. W., Benson, 
H., Fricchione, G. L., Alpert, J., & Fava, M. (2017). A pilot, randomized controlled study of Tai Chi with passive 
and active controls in the treatment of depressed Chinese Americans. The Journal of Clinical Psychiatry, 78(5), 
e522–e528. doi:10.4088/JCP.16m10772 PMID:28570792

Zhu, S., Shi, K., Yan, J., He, Z., Wang, Y., Yi, Q., & Huang, H. (2018). A modified 6-form Tai Chi for patients 
with COPD. Complementary Therapies in Medicine, 39, 36–42. doi:10.1016/j.ctim.2018.05.007 PMID:30012390

http://dx.doi.org/10.1111/jgs.15986
http://www.ncbi.nlm.nih.gov/pubmed/31116883
http://dx.doi.org/10.1016/j.specom.2017.06.007
https://arxiv.org/abs/2111.08774
https://arxiv.org/abs/2111.08774
https://journals.aps.org/pre/abstract/10.1103/PhysRevE.99.062223
https://journals.aps.org/pre/abstract/10.1103/PhysRevE.99.062223
http://dx.doi.org/10.1103/PhysRevE.99.062223
http://www.ncbi.nlm.nih.gov/pubmed/31330729
http://dx.doi.org/10.1353/dao.2019.0004
https://link.springer.com/chapter/10.1007/978-3-319-39516-6_8
https://link.springer.com/chapter/10.1007/978-3-319-39516-6_8
http://dx.doi.org/10.1007/978-3-319-39516-6_8
http://dx.doi.org/10.1109/TFUZZ.2016.2633375
http://dx.doi.org/10.1007/s00520-018-4136-y
http://www.ncbi.nlm.nih.gov/pubmed/29564620
http://dx.doi.org/10.1109/TCAD.2017.2729344
https://link.springer.com/chapter/10.1007/978-3-030-81635-3_33
http://dx.doi.org/10.4088/JCP.16m10772
http://www.ncbi.nlm.nih.gov/pubmed/28570792
http://dx.doi.org/10.1016/j.ctim.2018.05.007
http://www.ncbi.nlm.nih.gov/pubmed/30012390

