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ABSTRACT

Reliance on computer vision systems in the sports field is one of the very important topics,
which are of high importance, especially in the arbitration process or evaluating the accuracy
of the player’s performance of the movement. It is better to rely on computer vision systems
that are more accurate in the arbitration process. In this article, a method was presented to
distinguish one of the important movements of the gymnastics player, by relying on deep
learning techniques. The dataset was built based on high-quality video clips found on
YouTube for tournaments held from the period 2018-2022, due to the absence of The dataset
available. This data was divided into three sections: 70% for training, 10% for validation, and
20% for testing. Two models of the convolutional neural network yolov7 and yolov5 were
trained, and the results obtained after testing the results of the models show that the seventh
version was the best, Recall, Precision and Mean Average Precision criteria were adopted to

evaluate the performance of these technologies.
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1. Introduction

Computer vision is one of the branches of computer science that has begun to show its applications and use in wide areas of life, as it is relied
upon in the medical and industrial fields as well as the sports field[1]. Where we now notice clearly the reliance on computer vision systems in
the sports field, where these systems are relied upon in the process of locating the player within the matches, as well as the paths of the ball
inside the stadium can be determined in matches that use a ball in the game, and there are a set of systems that can be relied upon in Determining
the player's performance inside the match By studying the player's movements inside the stadium through these systems, the coach can know the
player's performance correctly by analyzing the statistics obtained through these systems. In the team that can perform the plan that the coach
thinks of, as well as the coach can analyze the performance of the opposing team and thus determine the weaknesses of the second team, as well
as determine the best player in the opposing team, which is better to beware of this player, therefore it must be in the coach’s mind To prevent

the player from playing [1,2].
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After capturing the video of the player inside the field or the ball, the player is then identified inside the field and then distinguishing the player
from other players or determining a specific movement of the player or determining the location of the ball inside the field, whereby deep
learning techniques are relied on that have the ability to extract the important characteristics of the object To analyze his movements inside the
stadium, as deep learning has important features that can identify anyone inside the stadium and thus track his movements or the movement of
the ball, as many of these algorithms are used in order to analyze the movement of players in many games, where one of the network models was
relied on The bypass nerve in order to identify the player inside the field, after which his movement is tracked, and from there his movement can
be studied[3-4].

The gymnastics game is one of the difficult sports in the process of evaluating the player’s scores because it needs high accuracy by the
arbitrators because the points are given to the player according to the accuracy of the movement implementation and thus relying on computer
vision systems and relying on deep learning techniques in the process of distinguishing movement and determining the accuracy of this
movement will be more Accuracy in evaluating the scores of this player, the article is divided into seven sections, where the first section provides
a general introduction to the importance of computer vision as well as the importance of using these systems in sports reality, while the second
section presented a group of articles presented by a group of researchers in analyzing the movements of players and the ball in different players,
as for the importance of education The deep and YOLO algorithms has been studied and its architecture is clarified, as it was presented in the
third paragraph In the fourth section, the process of tracking objects in the video clips was clarified, while the fifth section presented the
proposed method in order to identify and distinguish one of the most important movements of the gymnast, which is the backflip movement. As
for the last two sections, the results obtained by applying the proposed method to a group of From the videos of gymnasts, whether this player is
an amateur or a professional, as well as the most important conclusions that were reached by analyzing the results obtained.

2.Related Work:

There are many articles that analyze the movements of sports players, and sometimes the tracking of the ball in games that are played with a ball,
while some articles presented methods for analyzing the movement of the player's body as well as the trajectories of the ball.

N A Rahmad and others in 2019, presented a method to identify the movement of a badminton player, which is badminton smash, where
two models of deep opacity models were relied on, namely Alexnet, GooleNet, where researchers built a special database for this movement,
where a group of videos on YouTube were read, and then they were A set of frames were taken for these videos, and thus the database was built,
where the database was built, consisting of 528, and this group of images was divided into two parts, one of which is used in the training process,
while the other part is used for the testing process, where it was divided by 80% for the training currency and 20% For the test, after applying
the proposed method to the video clips in order to determine the accuracy of the proposed method, it was found that the GoogleNet method was
the best with an accuracy of 90.3%, while the second method was 86.0% accuracy, and the time required for the training process of the two
models shows that GoogleNet took longer than the first process[3].

Nur Anis Jasmin Sufri and others in 2019, presented a method for detecting a badminton player on the court by using one of the Faster R-
CNN convolutional neural network models, after collecting a database of badminton player images through videos posted on YouTube for three
different tournaments, two of which are badminton tournaments for men's singles and the third It's a men's doubles game. Where the video clip
was converted into a set of frames, where 100 images were taken from each video clip, and therefore we will have 300 images, but divided into
three databases, where the training of the proposed model was divided into 6 methods, where the model was trained in the first three methods
on each One rule, as for the fourth method, the deep learning model used was trained on two bases, one of them is badminton for the single men,
and the second rule is for the pairs of men. The reliance on training using three databases was better because all the models in the databases
were trained on[5].

Aizreena Azaman and others in 2019 ,presented a method for detecting hit action and non-hit action, and based on four models of the
convolutional neural network where (GoogleNet, VGG19, AlexNet, VGG16) were used, these four models were applied to a database consisting of
80 images hardened into 40 hit action images. The other forty of the second movement, this rule was built based on a set of videos on YouTube
for one of the badminton tournaments that were held in 2017, where the videos were taken, the length of the clip ranged between 20 to 50
seconds, after which it is transferred to a group of frames. The four models of the convolutional neural network were applied to this rule and it
was found that the accuracy that was obtained by relying on GoogleNet reached 87.5%, or the model that reached the best second highest
accuracy AlexNet, where the accuracy reached 81.3%, while the remaining two models reached the percentage of accuracy both have 50%[6].

In addition to a group of articles that analyzed another type of sports, the most important of which is basketball, which most of the
research depends on the databases obtained through the NBA and a deep learning model is applied to it, where one of the researchers presents a
method for analyzing the triple point payment and that By studying the player's movement about throwing the ball in the case of a triple
shot[7].other researchers presented a set of methods that relied on computer vision as well as deep learning models from the convolutional
neural network models, where it analyzes the player’s strategy on the field, which determines the player’s strategy as well as determines the best
player among the players on the field, in addition to determining the best way to That the team win the matches and the best players can perform
the plan. The players on the field want to come up with the best strategy in order to reach the victory[8,9].
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3.Deep Learning

Deep learning is a part of machine learning, which falls within artificial intelligence, and Figure (1) shows the relationship between them[10].

Artificial Intelligence
A field of computer sclence In which

computers seek to Fnitate human
behavicor and intelligence.

Machine Learning
Subset of Al that leviages statistics

and data to continually Improve
performance of o task.

Fig.(1) Artificial Intelligence & Machine Learning & Deep Learning

In general, learning is either supervised or unsupervised. In general, the supervised learning process is used in classification as well as
regression, where the inputs have notation, and therefore it can be used to deduce the rules on the basis of which these outputs appear. After
training, this machine can identify the things that have been Training on it, but if it is without supervision, then it will not be used in the
classification process or in regression, but will be in clustering, where here does not have any information about the outputs, Here only by
searching for similarity between these primary data and thus isolating each group of these data with those that are similar to them, whether in

shape, color, size, etc[11].

There are many differences between deep learning and machine learning, as table No. (1) shows the most important differences between
machine learning and deep learning[11].

Table (1) :Deep Learning VS Machine Learning

Deep Learning Machine Learning
don't need to extract features manually need to extract features manually
The performance is better on big data The performance is good even if the data is not large
It needs powerful devices because the mathematical It does not have to be powerful hardware because the
operations are complex computational operations are less complex than

deep learning

The execution time is large because the calculations involved Execution time is less than deep learning
are many, and therefore the time will be large

One of the most important deep learning algorithms is YOLO (You Look Only Once), It is one of the most important deep learning algorithms that
appeared for the first time in 2015 by Joseph Redmond, after which this algorithm remained in a state of continuous development, as many
versions of this algorithm appeared[12], Since this algorithm is detecting the object through one stage, and therefore this algorithm will be very
fast and therefore can be exploited in real-time applications, Figure (2) shows the architecture of the fifth and seven version[13].
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Fig.(2) (a) YOLOvVS5 architecture , (b) YOLOvV7 architecture

4.Proposed System
In this paragraph, we will discuss the steps for implementing the proposed system to detect and distinguish one of the gymnast's movements.

- first stage, a dataset is created. Gymnastics is one of the least known sports when compared to other sports such as football or basketball.
Therefore, the presence of data for this game will not exist, so the dataset was built by relying on a group of video clips on YouTube. And a group
of clips that were taken directly for a group of players from the College of Education, where 400 pictures of this movement were obtained in
different directions.

- second step, a preliminary image processing group is performed. The contrast of the images is improved by relying on digital image
processing techniques, in addition to resizing the image according to the proposed model . divided into three groups, 70% for training, 10% for
validation, and the rest for testing.

- third step , Two models of the convolutional neural network were trained, based on the seventh and fifth versions of YOLO, as this model is
considered the fastest and most accurate convolutional neural network model in detecting and distinguishing objects.

-fourth step, At this stage, the system is tested by distinguishing and identifying this movement from gymnastics. In the last stage, the
performance of the proposed algorithms is measured, as a set of criteria that are used to measure the efficiency of the algorithm are relied upon.

1- Precision:

Variance is computed by subtracting the standard deviation of the sample from the sample mean, as opposed to bias, which is determined by
comparing the standard deviation of the collection to the object's known value. What determines whether a classifier's assertion that a collection
of records belongs to a positive class is true[14-15].

True Posiyive

recision = 100% .o e e e e e (1
L4 True Positive + False Positive * % M

2- Recall:

Recall, as its name suggests, is a measurement of how well a classification system can predict the quantity of positive instances.[14-15]

R u True Posiyive 100% @
ecall = *
True Positive + False Nagative °

3- Mean Average Precision (mAP):

In order to evaluate various object detection models, including YOLO, mean average precision (mAP) is used. A score is given after
comparing the detected box to the ground-truth box. The accuracy of the model's forecasts increases with score perfection.However, the
accuracy-recall curve can be condensed into a single figure using the average precision (AP) metric.



Ahmed Saadi Abdullah, Journal of Al-Qadisiyah for Computer Science and Mathematics Vol. 15(1) 2023, pp Comp. 150-157 5

To calculate your AP, use the following formula. In a cycle that iterates across all precisions and recalls, the difference between the current
and following recalls is calculated and then multiplied by the current precision. In other words, the AP is the weighted cumulative sum of
precisions that are unique to a threshold, where the weight denotes the relative increase in recall.[15]

k=n

The Average Precision, of class k. (3)
k=1

1

Mean Average Precision=———
number of classes

5- Result

In this paragraph, we will discuss the results obtained from the use of these two models of CNN in order to identify and distinguish one of the
most important movements of the gymnast, and the results were as shown in Figures(3-5).
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fig(5) performance of YOLO V5

It is clear from the figures that represent the results obtained with the process of distinguishing and discovering one of the
most important movements of the gymnast, that relying on the yolov7 algorithm gave better results than relying on the fifth
version, and the accuracy reached approximately 97%, while relying on the fifth version is approximately the amount of
accuracy 84%, but the time it took to train the algorithm for the fifth version was less than the time it takes for the seventh
version, and this is due to several reasons. First, the size of the input image for the fifth version is 416 * 416, while the
seventh version is 640 * 640, so the processing process will take time In addition, the processes are much longer in the
seventh version.

6.conclusion

The process of evaluating the performance of a player in a specific movement is of utmost importance in some sports games
in which the outcome of the game depends on the amount of skill that the player has in making the movements, unlike some
games in which the result depends on the number of goals such as football, sometimes there are errors Arbitration may be
the result of a lack of experience on the part of the referee or the enemy of clarity of vision, and therefore the arbitration
process is incorrect. The gymnastic game is considered one of the games that evaluate the player on the skill in the player's
performance of the movement. Relying on computer vision systems supported by the deep learning algorithm is better in
evaluating the player's performance than relying on human arbitration. Where it is clear from the results that the results
that appeared from the seventh version were better, as the accuracy reached 97%, and therefore relying on these algorithms
to discover and distinguish the movements of the gymnast player will be appreciated for the player better, also the time
taken by the fifth version is less than the seventh version, Because the algorithm of the seventh version is more complex
than the fifth version.
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