
Advances in Nano Research, Vol. 12, No. 3 (2022) 263-279 
https://doi.org/10.12989/anr.2022.12.3.263 

Copyright ©  2022 Techno-Press, Ltd. 
http://www.techno-press.org/?journal=journal=anr&subpage=5                                                  ISSN: 2287-237X (Print), 2287-2388 (Online) 

 
1. Introduction 
 

Like any other sports, tennis as a commonly played 

sport faces some advances in materials that greatly affect 

the advancement of techniques and racket design methods, 

which highly affect the types and injuries ‘ratio in players 

(Abedini et al. 2020, Guo et al. 2021, He et al. 2021b, Huo 

et al. 2021, Shao et al. 2021, Zhang et al. 2021a). The 

introduction of high-speed computers and high-resolution/ 

frame rate cameras has enhanced study interest for 

applications such as defense, military, and sports in 

computer vision algorithms (Assfalg et al. 2002, Zuo et al. 

2013, Huang et al. 2021b, Peng et al. 2021, Sun et al. 2021, 

Wu and Habibi 2021). One of the most commonly 

performed tasks within these applications is evaluating the 

number, location, and movement of different objects 

(Shariati et al. 2011a, 2019a, Sinaei et al. 2011, Shahabi et 

al. 2016, Khorramian et al. 2017). For aims such as tactical 

analysis in various sports, including tennis (Sudhir et al. 

1998), football, baseball (Han et al. 2002), and soccer 

(Assfalg et al. 2002), the motion analysis and tracking 

information given by computer vision techniques may be 

applied (Grimson et al. 1998, Arabnejad Khanouki et al. 

2010, Mojtaba 2011, Sinaei et al. 2012, Shariati et al. 

2020f, Davoodnabi et al. 2021). Motion data also offers a 

clearer interpretation of the game for the settlement of 

controversial referee decisions. Examples include the 

QUESTEC (Legg 2003) automated line-call system, the 

Hawk-Eye (Reid et al. 2016) system that lets the 

commentary team interpret the game, and the automatic off- 
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side detection system (Lam et al. 2003, Bai et al. 2020, Yue 

et al. 2020, Hou et al. 2021). An active area of study is 

identifying and tracking objects during a sports event. 

Effective attempts have been made, as a soccer ball tracking 

system (He et al. 2018, D’Orazio et al. 2002) on the basis 

of a tweaked Hough transforming method, and a baseball 

tracking system applying technologies for color-based area 

detection (Theobalt et al. 2004, Shariati 2008, 2011b, 

Hamidian et al. 2011, Toghroli et al. 2018, 2020, Dai et al. 

2021b, Liu et al. 2021d). Whilst, in real-world tennis 

implementations, there are not many examples of successful 

deployment of such devices. In a tennis game, tracking the 

ball faces multiple problems due to the limited size and high 

pace of the ball (Pingali et al. 2000, Huang et al. 2021a, 

Zhang et al. 2021b, c). Tracking the tennis ball allows for 

simulated replays, new game statistics, and other 

visualizations that contribute to new ways to view and 

interpret tennis matches. Several other uses will also benefit 

from real-time tracking of the tennis ball, including 

computer-assisted refereeing and player preparation (Zhang 

et al. 2019, Dai et al. 2021a, Ghabussi et al. 2021, Liu et al. 

2021c, Najaafi et al. 2021). Owing to the small size of the 

ball, the comparatively large size of the court, the high 

speeds at which it moves, changing lighting conditions, and 

variable contrast between the ball and the background 

around the scene, it is difficult to follow the tennis ball. For 

this use, the identification and tracking algorithms focused 

on Object-based and non-objects, such as the circular 

Hough transform (Barron et al. 1992, Bennett et al. 1999, 

D’Orazio et al. 2002, Li et al. 2020b). The objects that 

these devices operate with typically move much slower than 

the tennis ball. Moreover, images of fast-moving objects are 

typically distorted, which makes it more difficult to 

distinguish (Intille et al. 1997, Ishii and Ishikawa 1999,  
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Fig. 1 The simulation of tennis motions (a) Forehand 

drop, (b) Back hand drop 
 

 

Alipour et al. 2020, Kordestani et al. 2020, Liu et al. 2020d, 

Wang et al. 2020e). They track objects that are far larger 

than a tennis ball (Jiang et al. 2018). In comparison, there 

are poor resolutions and frame rates for most cameras used 

by these techniques (Toghroli et al. 2017, Li et al. 2019a, 

Shariati et al. 2019b, Hosseini and Toghroli 2021, Mehrabi 

et al. 2021). The rapid speed of processing obtained by 

these techniques relies on the limited size and number of 

photographs. In order to get a clearer view of the tennis 

ball, if high resolution/frame rate cameras are chosen, their 

processing speed would be heavily affected. In real-world 

applications, only a few successful implementations of 

tennis ball tracking systems (Gwiasda et al. 2000, Bradski 

1998) as Sudhir et al. (1998) and Pingali et al. (2000) have 

recently been published. However, in a real-world context, 

they did not have systematic analysis of performance and 

errors (Shariati et al. 2011b, 2019e, Shi et al. 2017, Ziaei-

Nia et al. 2018, Trung et al. 2019, Abedini and Zhang 2020, 

Afshar et al. 2020). In addition, these approaches have not 

addressed player-ball contact and occlusion of the ball 

because of players. In the last two decades, a significant 

number of object detection and tracking methods have been 

improved (Liu et al. 2016, Kordestani and Zhang 2020, Liu 

et al. 2020c, Shi et al. 2020). They could be loosely divided 

into two classes: based on objects and based on non-objects. 

Object-based methods are ideal for identifying and tracking 

objects in the video frames that are distinct from others, i.e., 

the target objects can quickly be identified (Nosrati et al. 

2018, Yang et al. 2018, Milovancevic et al. 2019, Sajedi 

and Shariati 2019). Most of these approaches require the 

development of a model showing the target object, the 

extraction of properties of objects, and the discrimination of 

target objects. If the properties applied for object 

identification and tracking are not from the object itself, it is 

possible to employ non-object-based approaches (Ni et al. 

2019a, Cheshmeh et al. 2020, Moayedi et al. 2020b, 

Shariati et al. 2020b, 2021a). It is possible to further 

classify object-based methods into three groups: model-

based, feature-based, and motion-based (Zhang et al. 2010, 

Moayedi et al. 2020a, Oyarhossein et al. 2020). The object 

attribute states as color and shape are applied in feature-

based algorithms to distinguish target objects in a frame 

from others (Habibi et al. 2018, Ebrahimi et al. 2019, 

Hashemi et al. 2019, He et al. 2020, Liu et al. 2020b, Zhou 

et al. 2020). In order to discriminate against moving 

objects, motion-based models evaluate the sequence(s) of 

video frames, collect and interpret the motion constancies 

over frames (Fazaeli et al. 2016, Ghazanfari et al. 2016, 

Hosseini et al. 2018, Xu et al. 2018). The identification and 

tracking is considered an undistinguishable object problem 

if there is practically no property available to differentiate 

the target objects from others (Lucas and Kanade 1981, 

Mohammadhassani et al. 2013b, Habibi et al. 2016, 

Heydari and Shariati 2018, Shariati et al. 2020a, Wang et 

al. 2020d, Ma et al. 2021).  

A variety of non-object-oriented models were built to 

solve the problem. This method could not determine 

whether the target object is a single object, in contrast, it 

considers certain other features, such as background 

information that involves location, time, movement of 

people, and surrounding environment information. To 

detect objects, model applies high-level semantic and 

domain awareness (Lam et al. 2003, Ma et al. 2020, Huang 

et al. 2021c, Zhao et al. 2021). Object detection and 

tracking are conducted on the basis of these generated 

models. Centered on an entity model that systematically 

explains the tennis ball, we can also detect the tennis ball 

using this idea (Eaton and Scassellati 2000, Liu and Liu 

2020, Jiao et al. 2021, Liu et al. 2021f, Xu et al. 2021). 

However, because the same object will behave very 

differently under different circumstances, a single model 

couldn’t adequately represent the underlying objects 

(Toghroli et al. 2014, Safa et al. 2016, Sedghi et al. 2018, 

Katebi et al. 2019, Shariati et al. 2020d, Yu et al. 2022). 

The appearance of the tennis ball, for instance, varies under 

various lighting conditions, intensity, and size. We may 

construct a variety of models that, under all practicable 

situations, thoroughly represent the tennis ball. Motion 

based algorithms detect an object from a series of images 

based on the motion information extracted This style of 

methodology does not actually demand that the object 

models be constructed directly (Liu et al. 2020a, Xu et al. 

2020, Zhu 2019). The movement data seen during a tennis 

event is very clear (Mi et al. 2020). Following spatial 

patterns, the ball continuously travels around the ground 

(Das and Anand 1995, Ishikawa 1998, Han et al. 2002, Xu 

et al. 2003). We are able to increase the precision of 

identification if the motion knowledge of the tennis ball can 

be obtained. However, it is not necessary to merely follow  
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motion-based methods to achieve the maximum results. In 

the case of tennis tracking, since there could be multiple 

moving objects as matches, fans, promotional symbols, and 

trees, the motion detail in the image series can be very 

complicated and ambiguous (Assfalg et al. 2002, D’Orazio 

et al. 2002, Friedman and Russell 2013, Wang et al. 2021). 

The emphasis of contemporary higher education has  

 

 

 

been on how to boost teaching content in higher physical 

education. The level of physical education is substantially 

expressed in college physical instruction by the quality of 

university education. The main measures to increase the 

quality of education and teaching are physical teaching 

assessment, which is especially important for the 

implementation of a quality assessment framework for  

 
Fig. 2 Object tracking with template tracking 

 
Fig. 3 Object tracking with template tracking 
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science and logical college teaching (Mohammadhassani et 

al. 2013a, Toghroli et al. 2016, Jiang et al. 2018, 

Sadeghipour Chahnasir et al. 2018, Chen et al. 2019, Safa 

et al. 2020, Shariati et al. 2020e). Physical teaching is a 

mixture of the complex teaching and learning process, and 

certain factors are not the same that could influence the 

consistency of teaching along with the effect of these 

factors (Mohammadhassani et al. 2014, Shariati et al. 

2019c, 2020c, 2021b). Therefore, it is impossible to use a 

statistical term to represent the outcomes of the physical 

training assessment, because it is a non-linear description, 

which has created considerable complexes for a systematic 

assessment (Zuo et al. 2013, Mansouri et al. 2016, Zhang et 

al. 2018, Shariati et al. 2019d, Shariati et al. 2019f, Yazdani 

et al. 2020). The physical education level is the subject in 

higher development in physical education. Therefore, the 

implementation requirements of the modern century should 

be fulfilled with the establishment of a framework to 

evaluate the teaching standard and increase the technical 

quality of the teaching appraisal system. A successful tool 

for assessing the standard of teaching physical training 

plays a key role in encouraging trainers to train and to 

improve the quality of training. An approach to combining 

entropy weight and expert preferences is employed, with 

reasonable fluctuations in black start assessment indices, 

and with the help of fluid appraisal data and a fluctuation of 

extensive evaluation, the sorting of the schemes is carried 

out in conjunction with the respective superiors and 

inferiors. In the evaluation of third-party logistics providers, 

some researchers investigated a new information granulation 

model. Conventional fuzzy evaluation approaches are 

useful but time consuming. Objective measurements are 

rational, but it is often difficult to explain their results 

(Ebrahimi and Shafiei 2017, Ebrahimi et al. 2017, Ehyaei et 

al. 2017, Ghadiri et al. 2017a, b, c, d, e, Mirjavadi et al. 

2017a, b, c, d, Shafiei et al. 2017a, b, c, d, 2019, 2020,  

Shafiei and Kazemi 2017a, b, Shivanian et al. 2017, Azimi 

et al. 2018, Shafiei and She 2018). To promote clustering 

accuracy, a low complex and accurate modularity Q model 

under information entropy (IE) is suggested (Xiaolong et al. 

2012, Junkun et al. 2020, Lv and Qiao 2020, He et al. 

2021a). Duan et al. (year) have developed a complex method  

 

 
of non-serial manufacturing systems on the basis of the 
entropy model of system-angle information theory. The 
entropy weight comprises of the following steps: building a 
factor assessment system, setting up the field of eco-
security classification factors, constructing an entropy 
model and analysis of matter elements, calculating the 
relevance between the eco-security factor and land, and 
calculating the weight of all variables (Yu et al. 2012, 
Wang et al. 2020b). A new entropy based method and 
TOPSIS to synchronize the evaluation of the supply chain 
was proposed by Li et al. (2019b). Two steps are based on 
the model. Firstly, for the synchronized supply chain, a 
detailed comparison is made of many index systems 
(Zhiyong et al. 2012, Shi et al. 2017).  

 

 

2. Entropy-unascertained measure theory 
 
Wang Guangyuan proposed the principle of unknown 

information and its mathematical processing as a modern 

information theory in 1990. Uncertain knowledge means 

that people are not sufficient to understand the actual 

quantity or state that allows the brains of decision-makers 

or evaluators to be subjectively and cognitive uncertain. 

Both processes with behavioral causes can be assumed to be 

uncertain. Nevertheless, Liu et al. (2020d) set a statistical 

theory uncertainly to explain the uncertain condition of the 

item in measurable terms and proposed an estimation model 

for an uncertain theory of measurement to describe a matter 

of an uncertain nature between 0 and 1. The uncertain 

theory for measurements was developed rapidly, implemented 

widely in several fields, including assessment of reliability, 

assessment of security risk, social development evaluation, 

quotation bidding, and project implementation followed by 

uncertain measures (Azimi et al. 2016, Ebrahimi and 

Shafiei 2016, Ghadiri and Shafiei 2016a, b, c, Ghadiri et al. 

2016a, b, c, d, Shafiei et al. 2016a, b, c, d, e, f, g). 

Considering several complexities in the current construction 

renovation scheme, the unclear theory of the measure will 

examine these uncertainties. This study utilizes the 

uncertain theory of the measure to determine the renovation 

project model for construction safety risk assessments.  

 
Fig. 4 Analysis of knee joint motion in flat serve using entropy and unascertained measurement theory 
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Fig. 5 Online object tracking 

 

 

Fig. 6 Kinematic parameters of the tennis ball striking the 

non-smooth surface 
 

 

3. Entropy 
 

The human movement variability is explained as motor 
performance variations over multiple repetitions for the 
same task (Hong and Bartlett 2008, Kudo and Ohtsuki 
2008, Pan et al. 2020). Despite similarities between 
repetitions, the multiple constraints inherent to the 
environment, the task and even the athlete’s body lead to 
inevitable differences, thus resulting in a certain degree of 
variability (Bernstein 1967, Huang et al. 2021d). From an 
evaluation perspective, the human movement oscillations 
can be evaluated, as any other time-series, by benefiting 
from entropy-based techniques which allow to identify the 
variability in a spatiotemporal perspective (Stergiou 2004, 
Zuo et al. 2015). 
 

 

4. Problem statement 
 

There are several concerns with identifying and tracking 

the ball in a tennis video (Guan et al. 2019). We present the 

investigations of two models for tracking the tennis ball in 

this report (Liu et al. 2021a). This scheme is formed to 

match the speed of accelerated processing. This device has 

to work successfully, i.e., the image processing speed can 

keep up with the video input speed (Jiang et al. 2018). If a 

high resolution and high frame rate camera is chosen could 

be challenging (Zuo et al. 2017, Li et al. 2020a). An 

 

Fig. 7 Various motion velocity in a flat serve 

 

 

 

Fig. 8 Flat shot variations 

 

 

appropriate tracking algorithm is needed to process such a 

large volume of image data quickly (Yang and Sowmya 

2015, Wang et al. 2020a). The visibility of the tennis ball 

may be ambiguous between both frames, considering the 

high ball speed, ambient differences (e.g. brightness, 

contrast and shadow) and the presence of other moving 

objects (e.g. promotional symbols) (Ran et al. 2020). A 

robust object recognition method is required to compromise 

with different levels of visibility (Long et al. 2015). This 

research has used entropy and uncertain estimation to 

determine the movement of the ball and the efficiency of 

the athlete more precisely than conventional approaches, 

which enable coaches and athletes to improve their skills 

effectively (Niu et al. 2020, Wang et al. 2020c). 
 

 

5. Methodology 
 
In this section, lets increase the complexity of the 

human motor execution from a pendulum to a ballistic-like 
motion. For the tennis serve case, a non-traditional analysis 
of motor variability may help revealing or uncovering its 
complex structure, which is undetectable using conventional 
linear measures, such as amplitude or standard deviation 
(Hausdorff et al. 1996, Post et al. 2000, Araújo et al. 2004, 
Alam et al. 2020a). The sample consisted of 6 adult female 

267



 

Yongfeng Zhong and Xiaojun Liang 

 

 

 

tennis players. The movement under study was the flat first 

serve from behind the T point 50 cm away from the center 

mark. All the participants should serve in the highest speed 

while pointing to the intersection between the center line 

and service line (T-point) (Zhou et al. 2018, Ding et al. 

2020, He et al. 2020, Wu et al. 2020, Xie et al. 2020, Cao et 

al. 2021a, b, c, Li et al. 2021, Liu et al. 2021b, e, Lv et al. 

2021, Sun et al. 2021, Wu et al. 2021). Also, they were all 

required to execute 20 tennis serves, without instructional 

or wind restrictions. Afterwards, they were then asked to 

execute four sets of 20 serves under various practice 

conditions (Xie et al. 2018). 
 

 

6. Result and discussion 
 

6.1 Result and discussion 

 

Dominant motion functionality is applied to assist key-

frame recognition in sport videos (Liu et al. 2003, Xu et al.  

 

 

 

2020). Whilst, it was found that applying dominant motion 

feature, global camera motion can be puzzled. So, a motion 

entropy is the efficient calculation and efficient in rejecting 

false alarms (Suthaharan et al. 1999, Zhao et al. 2020). 

Entropy Motion Value (EMV) is defined as follows: 

𝐸𝑛𝑡𝑟𝑜𝑝𝑦𝑀𝑜𝑡𝑖𝑜𝑛𝑉𝑎𝑙𝑢𝑒 

=∑𝑀𝑎𝑔𝑊𝑒𝑖𝑔ℎ𝑡𝑘
𝑘

 ⋅  𝐸𝑛𝑡𝑟𝑜𝑝𝑦 (1) 

where 𝑘  is the index of 𝐴𝑛𝑔𝑁𝑢𝑚  equally partitioned 

quantized angles each with 2𝜋/𝐴𝑛𝑔𝑁𝑢𝑚 radians. 

Empirically, it is found 𝐴𝑛𝑔𝑁𝑢𝑚 =  16 yield satisfactory 

performance (Alam et al. 2020b). 

kth angle is defined as 

𝐸𝑛𝑡𝑟𝑜𝑝𝑦𝑘  =  −𝑝𝑘  ⋅  log(𝑃𝑘)  (2) 

𝑝𝑘 = A fraction of motion vectors in a frame with an 

appropriate angle within the quantified  𝑘𝑡ℎ angle. The 

directivity entropy weighting is: 

 
Fig. 9 Accuracy registration device 

Table 1 Tracking result for data 

Method TR% TR range Err. Err. range fps Fps range 

CT 78.43% 0-100% 18.40 4-75 99.99 64-122 

FCT 16.14% 0-74% 58.70 16-92 119.73 73-151 

HT 94.12% 36-100% 15.30 3-256 4.60 4-5 

IVT 73.50% 18-100% 85.75 2.1-450 63.38 51-70 

KCF 100% - 4.55 1.5-7.5 979.97 728-1240 

LRS 20.52% 2-47% 295.43 76-540 8.80 7.8-9.5 

MIL 92.81% 24-100% 11.53 3.0-138 0.56 0.4-0.7 

RSCM 85.84% 41-100% 17.82 2.3-126 2.50 2.0-2.8 

SRPCA 82.65% 25-100% 72.40 1.7-356 10.52 8.4-12.50 

STC 100% - 5.14 2.5-7.0 1294.12 1156-1340 

struck 100%% - 4.73 1.5-6.5 118.56 100-154 

TLD 67.50 16-100% 43.55 4.4-140 16.50 8.5-24 
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Fig. 10 Horizontal velocity during contact as a function 

of time 

 

 

𝑀𝑎𝑔𝑊𝑒𝑖𝑔ℎ𝑡𝑘 =
𝑀𝑎𝑔𝑛𝑖𝑡𝑢𝑑𝑒𝑘
∑ 𝑀𝑎𝑔𝑛𝑖𝑡𝑢𝑑𝑒𝑘𝑘

 (3) 

Magnitude denotes the number of motion vector 

magnitudes whose angle lies beyond the quantized angle 

of 𝑘𝑡ℎ (Zhang et al. 2018). The EMV is comparable to the 

perceived motion energy described (Liu et al. 2003) that 

both the magnitudes and the angle of motion vectors are 

used in a video frame to describe the sports content. 

However, they are still different in many significant ways: 

focused on entropy of motion directivity to reduce the 

influence of global motion and to affect uncertain object 

movements (Yow et al. 1995, Zhong and Chang 1997). 

Near the second 400, there was a sudden attacking goal 

incident. Due to the EMV, the object motion directive was 

not only represented by the PME, but also by EMV. 

 

6.2 Motion pattern recognition 

 

The goal of motion pattern is to align EMV curve with 

semantically important sports events to segment the video 

sequence on the basis of semantic content. Regarding EMV 

curve, positive slope line segments normally is in important 

sports events, but not negative slope line segments. 

 

6.3 Composite UM of multiple indices 

 

𝜐𝑖𝑘 shows the level of assessment object 𝛤𝑖  belongs to 

k-th grade of evaluation (𝛥𝑘). If 𝜐𝑖𝑘  is equal to 𝜐 (𝛤𝑖 ∈
𝛥𝑘), 𝜐𝑖𝑘 is termed the composite UM of multiple indices 

(Zhu et al. 2018). After gaining the identification weight 

and single index matrix, considering the meaning of 

identification weight, the composite UM of multiple indices 

can be written as 

𝜐𝑖𝑘 =∑𝜔𝑗

𝑚

𝑗=1

𝜐𝑖𝑘
𝑗
( i = 1,2, … , n , k = 1,2, … , p ) (4) 

where 𝜐𝑖𝑘  satisfies 0 ≤ 𝜐𝑖𝑘 ≤ 1  and ∑ 𝜐𝑖𝑘 =
𝑝
𝑘=1

∑ ∑ 𝜔𝑗
𝑚
𝑗=1 𝜐𝑖𝑘

𝑗
= ∑ (∑ 𝜐𝑖𝑘

𝑝
𝑘=1 )𝜔𝑗 = 1𝑚

𝑗=1
𝑝
𝑘=1  

 

6.4 Principle of identification 

 

Since 𝛥𝑘  is “better” than 𝛥𝑘+1, the classification of 

comment ranks (𝛥1, 𝛥2, … , 𝛥𝑝, ) is ordered say the highest 

measure identification (MMI) principle is not available 

(Chen et al. 2020, Zhou and Li 2012). If the e valuation 

space meets 𝛥1, 𝛥2, … , 𝛥𝑝, Let 

𝑘0 = 𝑚𝑖𝑛 {𝑘:∑𝜐𝑖𝑠(Δ𝑖) ≥ 𝛿, 1 ≤ 𝑘 ≤ 𝑝

𝑘

𝑠=1

} 

 𝜑𝑖  =  𝑡ℎ𝑒 𝑘0 − 𝑠𝑒𝑐𝑡𝑖𝑜𝑛 𝑎𝑝𝑝𝑟𝑎𝑖𝑠𝑎𝑙 𝑔𝑟𝑎𝑑𝑒 𝛥𝑘𝑖 

(5) 

The confidence that the grade of 𝜑𝑖is not higher than k0 

is 𝜆  or the confidence that the grade of sample 𝜑𝑖  is 

higher than k0 is 1 −  𝜆. Suppose that the score value of 𝐶𝑡 
is 𝐼𝑡, 𝐽∆𝑖 is (Ni et al. 2019b, Feng et al. 2020): 

𝑗∆𝑖 =∑𝐼𝑡 . 𝜇𝑖𝑡

𝑝

𝑖=1

 

𝑗∆𝑖  =  𝑡ℎ𝑒 𝑢𝑛𝑎𝑠𝑐𝑒𝑟𝑡𝑎𝑖𝑛𝑒𝑑 𝑠𝑢𝑝𝑒𝑟𝑖𝑜𝑟𝑖𝑡𝑦 𝑑𝑒𝑔𝑟𝑒𝑒  

𝑜𝑓 𝑒𝑣𝑎𝑙𝑢𝑎𝑡𝑖𝑜𝑛 𝑜𝑏𝑗𝑒𝑐𝑡 ∆𝑖 , 

o 𝐽 = (𝑗∆1 , 𝑗∆2 , … 𝑗∆𝑖)  

= vector of unascertained superiority degree 

(6) 

 

6.5 Definition of unascertained measure 

 

It is assumed the assessment object X = {X1, X2 , · · · , 

Xn } and the assessment index set I = {I1 , I2 , · · · , Im }. If 

𝑥𝑖𝑗  shows the measured value of ith assessment object 𝑋𝑖 

regarding the jth assessment index I j, then X i is defined as 

an m-dimensional vector of {𝑥𝑖1, 𝑥𝑖2 , · · · , 𝑥𝑖𝑚 }. Also, 

it was supposed that the assessment grade space U = {C1, 

C2, · · · , Cp }, and Ck (k = 1, 2, · · · , p) is the 𝑘 

assessment grade. If k is more than k + 1 in safety risk, Ck 

> 𝐶𝐾+1`. If C1 > C2 > · · · > Cp or C1 < C2 < · · · < Cp is 

reached ((C1, C2, · · · , C p) = an ordered segmentation class 

of assessment space U). 

0 ≤ 𝜇(𝑥𝑖𝑗 ∈ 𝐶𝑘) ≤ 1 

(𝑖 = 1,2, . . , 𝑛, 𝑗 = 1,2, …𝑚, 𝑘 = 1,2, . . 𝑝) 
(7) 

𝜇(𝑥𝑖𝑗 ∈ 𝑈) = 1(𝐼 = 1,2, … , 𝑁, 𝐽 = 1,2, . . . , 𝑀) (8) 

μ|𝑥𝑖𝑗 ∈ 𝑈𝑖=1
𝑘 𝐶1| = ∑𝜇(𝑥𝑖𝑗 ∈ 𝐶1)(𝑘 = 1,2, … , 𝑝)

𝑘

𝑖=1

 (9) 

Eq. (7) = non-negative boundedness, Eq. (8) = 

normalization, Eq. (9) = additivity. If µ satisfies Eqs. (7)-

(9), then µ is termed as unascertained measure. 

 

6.6 Single-index unascertained measure matrix 

 

For every assessment object Xi (i = 1, 2, · · · , n), 

(𝜇𝑖𝑗𝑘)m×p is named as the single-index measure assessment 

matrix of X i as Eq. (10). 
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Fig. 11 Horizontal velocity during contact as a function 

of time (effect of initial velocity) 

 

 

(𝜇𝑖𝑗𝑘) = [

𝜇𝑖11 𝜇𝑖12     … 𝜇𝑖1𝑝
𝜇𝑖21 𝜇𝑖22     … 𝜇𝑖2𝑝
⋮        ⋮          ⋱     ⋮
𝜇𝑖𝑚1 𝜇𝑖𝑚2     … 𝜇𝑖𝑚𝑝

  ] (10) 

Function expression of linear type 

{
 
 

 
 
𝜇𝑖(𝑥) = {

−𝑥

𝑎𝑖+1 − 𝑎𝑖
+

𝑎𝑖+1
𝑎𝑖+1 − 𝑎𝑖

     𝑎𝑖 < 𝑥 < 𝑎𝑖+1 

0                                𝑥 > 𝑎𝑖+1

 

𝜇𝑖+1(𝑥) = {

0                                    𝑥 ≤ 𝑎𝑖   
−𝑥

𝑎𝑖+1 − 𝑎𝑖
+

𝑎𝑖+1
𝑎𝑖+1 − 𝑎𝑖

    𝑎𝑖 < 𝑥 < 𝑎𝑖+1 
 

 (11) 

{
  
 

  
 
𝜇𝑖(𝑥) = {

1 − (
𝑥 − 𝑎𝑖
𝑎𝑖+1 − 𝑎𝑖

)
2

 𝑎𝑖 < 𝑥 ≤ 𝑎𝑖+1 

0                            𝑥 > 𝑎𝑖+1

 

𝜇𝑖+1(𝑥) = {

0                           𝑥 ≤ 𝑎𝑖   

(
𝑥 − 𝑎𝑖
𝑎𝑖+1 − 𝑎𝑖

)
2

  𝑎𝑖 < 𝑥 ≤ 𝑎𝑖+1   
 

 (12) 

 

6.7 Function expression of exponential type 

 

{
 
 

 
 

𝜇𝑖(𝑥) = {
1 −

1 − 𝑒𝑥−𝑎𝑖

1 − 𝑒𝑎𝑖+1−𝑎𝑖
     𝑎𝑖 < 𝑥 ≤ 𝑎𝑖+1 

0                            𝑥 > 𝑎𝑖+1

𝜇𝑖+1(𝑥) = {

0                       𝑥 ≤ 𝑎𝑖   

1 − 𝑒𝑥−𝑎𝑖

1 − 1 − 𝑒𝑎𝑖+1−𝑎𝑖
       𝑎𝑖 < 𝑥 ≤ 𝑎𝑖+1             

 (13) 

 

6.8 Function expression of sinusoidal type 
 

{
 
 
 
 

 
 
 
 

𝜇𝑖(𝑥)

= {

1

2
−
1

2
sin

𝜋

𝑎𝑖+1 − 𝑎𝑖
(𝑥 −

𝑎𝑖+1 − 𝑎𝑖
2

)     𝑎𝑖 < 𝑥 ≤ 𝑎𝑖+1 

0                    𝑥 > 𝑎𝑖+1
𝜇𝑖+1(𝑥)

= {

0                       𝑥 ≤ 𝑎𝑖   
𝟏

𝟐
+
𝟏

𝟐
𝐬𝐢𝐧

𝜋

𝑎𝑖+1 − 𝑎𝑖
(𝒙 −

𝑎𝑖+1 − 𝑎𝑖
𝟐

)   𝒂𝒊 < 𝒙 ≤ 𝒂𝒊+𝟏

 (14) 

 

 

Table 2 Tracking result for obtained data 

Effect 

factors 

Physical training quality score 

Bad Poor Medium Good Excellent 

Attending 

Rate 
≤ 0.4 0.41-0.55 0.36-0.65 0.86-0.95 ≥ 0.96 

Test results 

of athletes 
≤ 40 34-69 30-79 50-89 ≥ 80 

Expert 

Evaluation 
≤ 40 51-69 60-79 40-69 ≥ 80 

Athletes 

verifying 
≤ 54 43-67 35-78 45-67 ≥ 90 

Team’s 

verifying 
≤ 70 56-85 56-60 41-74 ≥ 70 

Training 

scope 

Very 

narrow 
Narrow Ordinary Wide ≥ 95 

 

 

𝐻𝑗 = −𝑡∑𝑞𝑖𝑗𝑘

𝑝

𝑘=1

1𝑛𝑞𝑖𝑗𝑘  

𝜔 =
𝑑𝑗

∑ 𝑑𝑗
𝑚
𝑗=1

=
1 − 𝐻𝑗

𝑚 − ∑ 𝐻𝑗
𝑚
𝑗=1

 

𝜇𝑖𝑗 =∑𝜔𝑗 .

𝑚

𝑗=1

𝜇𝑖𝑗(𝑖 = 1,2, … 𝑛, 𝑘 = 1,2,… , 𝑝) 

𝑝0 = 𝑚𝑖𝑛 |𝑝:∑ 𝜇𝑖𝑘 > 𝜆𝑖, 𝑖 = 1,2,… , 𝑛

𝑝

𝑘=1

| 

(15) 

𝜇𝑖𝑗1 =

{
 

 
0                    𝑥𝑖𝑗 ≤ 82.5

𝑥𝑖𝑗 − 82.5

7.5
    82.5 < 𝑥𝑖𝑗 ≤ 90

1                  𝑥𝑖𝑗 > 90   

 

𝜇𝑖𝑗2 =

{
 
 

 
 
          0                                 𝑥𝑖𝑗 ≤ 67.5  𝑜𝑟 𝑥𝑖𝑗 > 90 

𝑥𝑖𝑗 − 67.5

15
                              76.5 < 𝑥𝑖𝑗 ≤ 82,5  

90 − 𝑥𝑖𝑗

7.5
                                82.5 < 𝑥𝑖𝑗 ≤ 90

 

(16) 

𝜇𝑖𝑗3 =

{
 
 

 
 
0    𝑥𝑖𝑗 ≤ 60  𝑜𝑟    𝑥𝑖𝑗 > 82.5 

𝑥𝑖𝑗 − 60

7.5
   60 < 𝑥𝑖𝑗 ≤ 67.5

82.5 − 𝑥𝑖𝑗

15
     67.5 < 𝑥𝑖𝑗 ≤ 82.5

 

𝜇𝑖𝑗4 =

{
 

 
1             𝑥𝑖𝑗 ≤ 60 

67.5 − 𝑥𝑖𝑗

7.5
  60 < 𝑥𝑖𝑗 ≤ 67.5

0                    𝑥𝑖𝑗 > 67.5     

 

(17) 

 
 
7. Conclusions 

 

The conclusion reached was that nonlinear approaches 

are very beneficial for analyzing human movement within 

the context of sports. In general, entropy-based 

measurements can be thought of as a critical tool for 

analyzing human variability, as they compensate for the 

drawbacks inherent in linear approaches for calculating 

motor performance, such as the standard deviation, the 

inter-quartile scale, and a variety of other classical 

alternatives. Though it is worth noting that the relevance of 
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linear approaches in sports science was not minimized, but 

rather other nonlinear techniques were recommended to 

further our understanding of the science of human 

movement. The information entropy and unascertained 

measurement theory are discussed in this article in order to 

better understand human uncertainty in the context of tennis 

(ballistic like movement) (Ma and Xu 2020). The results 

have substantial practical implications for the area of sports 

training, as they reveal that an athlete may maintain his or 

her performance by using a variety of information-

movement combinations with varying degrees of 

unpredictability, regularity, and complexity. This 

demonstrates the complexity inherent in normal variability, 

highlighting motor control characteristics that athletes and 

coaches must quantify and, more importantly, comprehend. 

Additionally, the inclusion of notions based on nonlinear 

dynamics provides a fresh perspective on how preparation 

in general might be arranged. As a consequence, using 

optimum or conventional procedures may be insufficient, 

and a variety of nonlinear strategies should be examined 

that may be implemented and adjusted to the unique 

characteristics of each athlete and motion tracking system. 
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