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Abstract. The game of basketball is characterized by intense competition between 

the members of each team. It tests the athletes' physical fitness and the officials' 
ability to respond quickly under pressure and make split-second decisions. In 

addition, this capability needs to be improved by engaging in consistent practice. An 
intelligent training method that can realize automated feedback adjustment of faults 
is called an Associative Memory Neural Network(AMNN). By incorporating it into 

basketball training tactics, it is possible to have referees respond to different 
scenarios more quickly, which can help decision-makers enhance their degree of 
decision-making. Suppose this solution is transplanted to the intelligent training of 

artificial intelligence robots. In that case, the robot can accelerate the environment's 
real-time information collection and processing efficiency. This will allow the robot to 

capture various foul targets more quickly and make accurate decisions regarding the 
players on the field. A prompt reaction can raise the overall level of intelligent 
selection. To establish whether or not this plan is practicable, we employ an AMNN 

to instruct an artificial intelligence assistant referee robot for basketball games. 
According to the findings, the AMNN method has a quicker response speed and a 

lower error rate than the other three algorithms, which satisfies the requirements for 
developing an intelligent, high-precision picking robot. 
 

Keywords: basketball game; AMNN; artificial intelligence; auxiliary referee; Cultural 
Perspectives 
DOI: https://doi.org/10.14733/cadaps.2024.S20.220-231 

1 INTRODUCTION 

Basketball is one of the most popular sports activities in the world [13],[26],[15], and 11% of the 

world's population participates in the sport. The International Basketball Federation, which serves 
as the governing body of basketball globally, has grown to include 212 member countries and 450 
million registered players. Basketball is often considered the most popular team sport in the United 

States [18],[7]. The United States of America has long been regarded as the most potent force in 
basketball. Nevertheless, the rest of the globe is quickly closing the gap between them. If child and 
youth development programs continue to expand, then equality at the highest levels of the sport 
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will become a possibility. One of the most popular sports is basketball[24],[19]. It enjoys a 
significant global following as one of the three most essential balls in the world. Basketball can 
improve an individual's overall physical fitness and foster an individual's sense of competition and 

movement. Kind of movement. Basketball is a sport that may also be considered a way of life. The 
basketball reform has entered a more substantive stage by implementing the three primary 

initiatives for the regeneration and development of the ball. Basketball has a set of rules that guide 
the game, but the interpretation of these rules can vary across cultures. Different regions or 
countries may have their unique interpretations or preferences when it comes to enforcing rules. 

Cultural perspectives play a role in determining a foul, a violation, or an acceptable playing style. 
The introduction of AI assistant referee mode needs to consider these cultural variations to ensure 

fairness and consistency. 

Nevertheless, the training progression of referees, one of the three primary themes of basketball 
games, is moving at a very moderate pace [17],[1]. This is in contrast to the booming basketball 

game. On the basketball court, players are frequently subjected to unjust treatment, including unfair 
competition, misuse of game authority, and physical violations of other players. As the viewing 
experience of basketball games improves and the sport becomes more professional, there will be 

two or more referees on the court simultaneously to officiate the game professionally. The presence 
of multiple referees decreases the likelihood of unfair occurrences and increases the level of 

guarantees significantly. It provides a dependable guarantee that the event will go in a fair and just 
manner while also ensuring that it will proceed smoothly. However, basketball referees face several 
significant challenges, including a low comprehensive ability level, a small number of imbalanced 

male-to-female officials, and a bad learning environment. Because these widespread issues do not 
correspond to the level of basketball development that is now taking place, they will pose a 
significant barrier to the expansion of basketball on the campus. Within the scope of this discussion, 

the growth law of school basketball and the psychological and physiological well-being of kids are 
adhered to by this study. By delving into the intricate interplay between technology and culture, this 

study aims to provide valuable insights into the acceptance, challenges, and potential adaptations 
required for an AI assistant referee to align seamlessly with the diverse cultural expectations 
surrounding basketball. As we embark on this exploration, it is with the recognition that the future 

of sports technology should be cutting-edge, culturally sensitive, and inclusive. 

Competition fairness [25[],[4],[6] is the fundamental value demanded by current basketball 

sports competition. Fairness is the cornerstone of the most important values of modern society. 
Fairness is the cornerstone of the essential values of contemporary culture. Academic circles and the 
industry have always been hard at work trying to figure out how to improve justice inside sporting 

events and within social operations. The general opinion among members of society, especially in 
light of the proliferation of information technology, is that the quality of fair realization and the 
operational efficiency of businesses should be improved using technology. It is necessary to 

reconsider the dual effects of technology development on human beings and human society within 
the context of human nature and the ethical scope of human legislation to be better able to deal 

with the risks and challenges posed by the intervention of technology in social life. This is necessary 
to be able to better cope with the risks and challenges posed by the intervention of technology in 
social life. The need for fair play in basketball contests, combined with the advancements made in 

information technology, has resulted in the widespread usage of assistive technology for referees. 
How do we get a handle on the complicated link between the involvement of technology and the 
achievement of fair competition? After current sports have entered the stage of information 

civilization, the Institute of Basketball Sports Philosophy will need to respond to this essential 
theoretical question[22], [28]. Basketball referee aid technology is a technical way to assist referees 

in making proper choices. This is accomplished by employing particular strategies, methods, and 
tools in the referee's officiating process, which amplifies, reproduces, and reconstructs the game 
process. The referee uses technical means to improve both the quality of the penalty and the 

referee's fairness by employing auxiliary measures. This is done to ensure that both the process of 
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the basketball tournament and the results are fair. Existing technologies, methodologies, tools, and 
newly developed or upgraded technologies are typically utilized when applying referee-helping 
technology to assist referee activities. Currently, the primary emphasis is placed on using analog 

image technology and digital computer technology, in conjunction with the dissemination 
characteristics of contemporary information technology, to actualize the amplifying, reproducing, 

and reconstructing of the game process. The act of refereeing is a procedure in which the referee 
determines the only correct refereeing result based on the game's situation through fact-finding and 
the application of rules from ongoing cases. This is done to ensure that the game is played 

moderately. The pending cases are a fact that cannot be changed and have no value attached to 
them. Following the completion of the adjudication procedure, the adjudication outcome with the 

value attribute is determined. According to the research that has been done on referee philosophy, 
for the work of refereeing to be successful, it requires the joint support of the referee's ontological 
authority and epistemological privilege. This is so that factual judgment and value judgment may be 

completed. The execution process of the referee consists of elevating accurate data to the level of 
value judgments. 

Because the AMNN [5],[20],[16] not only has solid functions for self-learning, associative 

storage, and high-speed optimization but also has good functions for security, it has good 
performance. As a consequence of this, people have presented an artificial intelligence-assisted 

referee based on an AMNN. Additionally, some algorithm implementation and analysis are provided. 
A systematic training program for professional basketball referees is investigated here by examining 
the existing state of officiating at the sport's highest level. We discovered an algorithm for an AMNN 

by utilizing artificial intelligence methodology. Additionally, we contributed to the growth and 
development of basketball by instructing an auxiliary referee robot. 

2 RELATED WORK 

In this information age, not only has the volume of information expanded rapidly, but how it is 
processed has also become more sophisticated. The processing of information, previously done 

manually, has been largely replaced by computer processing thanks to advances in information 
technology, which are represented by artificial intelligence. Research in the field of computer science 
has a significant emphasis on artificial intelligence [12],[2],[9]. Machines now have the same 

transaction processing skills as human brains, thanks to advancements in algorithm fusion and the 
design of computer programs. As a result, machines can do some complicated activities instead of 

humans. The magnitude of basketball game databases has significantly expanded in recent years 
due to the widespread implementation of information technology in basketball competitions. It is 
essential to think about extracting useful information from large amounts of data and then using 

that information to optimize a game. The development of artificial intelligence technology has led to 
a better solution for this problem. The processing and classification of basketball game field data are 
substantial uses of artificial intelligence technology. This technology can then delve deeper into the 

data to unearth the underlying laws concealed beneath the game data and private coaches with 
basketball games. The scientific foundation upon which tactical decisions are made on the ground. 

For their groundbreaking research on AMNNs [27],[21],[14], a few researchers used a 
straightforward single-layer fully connected neural network. Their goal was to recall statistical graphs 
that contained noise. Since then, AMNNs have been the subject of significant theoretical and practical 

study. Sure, researchers have developed a multi-dimensional AMNN, which has been used in visual 
recall. The visual recall effect was enhanced due to the contribution of a few researchers who utilized 
irregular convex polygons as vectors. However, when the image is affected by high noise levels 

greater than sixty percent, the image is said to be disturbed by k percent. This indicates that the 
image's gray value of k percent has been altered. When utilizing the procedures suggested by other 

academics, the speed of image recall could be faster, and the outcome could be better. 

http://www.cad-journal.net/


223 

 

Computer-Aided Design & Applications, 21(S20), 2024, 220-231 
© 2024 U-turn Press LLC, http://www.cad-journal.net 

 
 

The Hopfield network is a linked network suggested by several academics as a potential 
candidate for use as an associative memory. The Hopfield network elucidates the connection between 
neural networks and dynamics, uses nonlinear dynamics to address the problem, and forms a new 

calculation approach by utilizing the concept of energy function. It is pointed out that the information 
is stored in the connections between neurons in the network, forming a Hopfield network, and the 

output of neurons only takes 1 and 0, so it is also called a binary neural network. The characteristics 
of this type of neural network are studied, and the stability criterion of the neural network is 
established. It is a Hopfield neural network with discrete connections. Some researchers design and 

develop a feedback neural network realized by analog electronic circuits. They observe that 
operational amplifiers can recognize neurons, and electronic circuits can simulate the connection of 

all neurons. This type of neural network is known as a continuous Hopfield neural network. They are 
all straightforward examples of artificial neural networks, each with a single connection layer. The 
discrete and continuous models can be used for associative memory and optimization computation. 

However, the discrete model is more commonly used. The AMNN functions well in many respects, 
and we can apply it to the study of the development of an artificial intelligence auxiliary referee for 
basketball. 

Participants' initial desires to enhance the fairness of the competition were the critical impetus 
for the development of referee-assisted technology [3], [23]. This demand has been the primary 

driving force behind the rise of this technology. When various interests are involved in the activities 
around a high-level competition, those interests become intricately connected to the outcomes of 
the competition. When interests are concerned, players significantly increase the number of 

demands for an equitable competition. The solution to the problematic logical problem that is the 
creation of fair competition lies in the system. The idea of fairness and the methods by which it can 
be realized both limit the possibility of having fair competition. Therefore, in response to the public's 

expectation that there would be improvements to the fairness of competition, the first thing that has 
to be done is to answer the question of how competition fairness will be realized from the principle 

level. Any attempt to make the competition more fair must begin with the component that creates 
the factual basis. This is the area in which referee assistant technology can make up for the 
deficiencies of manual refereeing. The 100-meter race in the early days of the modern Olympic 

Games was timed by manual mechanical equipment. The error rate of manual timing needed to be 
lowered, and it was challenging even to record the race ranking. The Micrographe timer and the 

McBridge timing system were experimentally implemented to confirm the athletes' placement in the 
competition [8]. This was done since there was an excessive amount of disagreement. Later, the 
Raced Omega Timer and the Scan-O-Vision systems were utilized to increase the timing accuracy to 

0.01, significantly resolving the issue of measuring the competition's final results. Restoring the facts 
is simply the first step in achieving the fairness of the competition, and it only plays an indirect role 
in promoting. However, from the point of view of the referee process, the assistance of referee 

technology can improve the competition's fairness. Since the rules themselves cannot be altered, 
the only way for non-law enforcement groups to satisfy their desire for fair competition is for the 

competition to make use of referees who are equipped with assistive technology. 

Referees in basketball are required to make decisions in a matter of milliseconds [10]. As a 
result, they need to be well-prepared to deal with any situation that may arise and achieve adequate 

performance during the game to make them more capable of performing court functions. The making 
of decisions and the performance of referees are both impacted by various factors, including the 
instruments that make it feasible to measure those factors. In light of this scientific landscape, it is 

vital to collect diverse studies to conduct a more in-depth investigation of the performance of 
basketball referees. As a result, the competition's decision-making requirements regarding 

physiology, psychology, and the knowledge already available regarding basketball referees' 
performance are studied. To devise an effective training regimen that caters to the requirements of 
both the referee and the game, we need your help. 
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3 RESEARCH DESIGN 

3.1 Data Sources 

Our findings stem from observations made at a collegiate basketball match in Beijing. The 

information in the database is mainly made up of different tables, such as the primary information 
table, the game information table, the script information table, and so on. In the script transaction 

database, the appropriate technical action attribute column assignments for action scripts that exist 
and actions that do not appear are represented by the values 1 and 0, respectively. After several 
cycles, the database's script transaction table, also known as the transaction data table mined by 

association rules, can be constructed. It is difficult for typical data processing methods to successfully 
achieve data cleansing, conversion, mining, and other operations due to the vast amount of 

basketball game information stored in the database. Because of this, the big data technology used 
for the basketball game backdrop database will be based on the association's guidelines. Data mining 
is better. Manage and analyze the statistics gathered from the basketball games you play. The data 

set describes the most critical information in the script transaction table. Only a portion of the data 
is shown because the script transaction is of type int. The database of information about basketball 
games is displayed in Figure 1. 

 

Figure 1: Basketball game information library. 

The training set comprises 70 percent of the dataset, while the test set comprises 30 percent. The 

AMNN model is trained using the training set, and the performance of the fitted model is evaluated 
using the test set. Both sets are referred to here as assets. 

3.2 AMN Building 

The bidirectional AMNN (BAMNN) is frequently utilized in various associative memory networks. 
BAMNN can achieve bidirectional hetero-association, in contrast to the auto-association that the 

Hopfield network is capable of. As can be seen in Figure 2, BAMNN is a two-layer network that 
operates in both directions. When one layer receives a signal at its input, the other can get an output. 
There is neither an explicit input nor an output layer. Instead, the initial input may act on any 

network layer, and information may be transmitted in any way despite the absence of such layers. 

1.1.1 BAMNN Architecture 

The progression of the network from a dynamic state to a steady state is known as BAMNN. When 
the memory vector 𝑋𝑝 acts on the input layer of a BAMNN with a given weight matrix, the input layer 

produces the output 𝑋(1) = 𝑋𝑝 at time t = 1. 
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Figure 2: Topological structure of BAMNN. 

This output is then transmitted to the output through the weight matrix W layer. The production of 
the output layer, 𝑌(1) = 𝑓𝑦[𝑊𝑋(1)] at time t = 1, is obtained following a nonlinear transformation by 

the activation function 𝑓𝑦(⋅)of the neuron on this side. The output is then transmitted from the output 

layer back to the input layer through the weighting matrix 𝑊𝑇 as the input at the next moment. The 

output 𝑋(2) = 𝑓𝑥[𝑊𝑇𝑌(1)] = 𝑓𝑥{𝑊𝑇[𝑓𝑦(𝑊𝑋(1))]} of this layer is obtained at the time t=2 after undergoing 

a nonlinear transformation utilizing the activation function 𝑓𝑥(⋅)of the neurons in the input layer. This 

process will continue until the states of all neurons are permanently fixed. At this point, the state of 
the network is referred to as the steady state, and the consequence of the bidirectional association 

of the memory vector 𝑋𝑝 is the matching output layer output vector 𝑌𝑝. In the other direction, if the 

memory vector 𝑌𝑝 is applied to the output layer, 𝑋𝑝 can connect with the input layer. 

4.2.1 BAMNN Parameter Description 

BAMNN has n neurons in its input layer and m neurons in its output layer, for a combined total of N 
neurons, equal to n plus m. The weight matrix from the input layer to the output layer is denoted 

by the letter W. In contrast, the weight matrix from the output layer back to the input layer is 
represented by the letter 𝑊𝑇 . Consider the hyperbolic tangent function, the neuron activation 

function, denoted by f(·)= tanh(·). X(t) is the network state vector that represents the input layer. 
The state vector of the network at the output layer is the letter Y (t). 𝑥𝑖(𝑡) and 𝑦𝑖(𝑡) are the 

components that make up the state vector. Describe the state that neuron I or j was in at the given 
time. The following definitions apply to both the state vector and its components: 

𝑋(𝑡) = [𝑥1(𝑡)，𝑥2(𝑡)，. . .，𝑥𝑛(𝑡)]                                               (1) 

𝑌(𝑡) = [𝑦1(𝑡)，𝑦2(𝑡)，. . .，𝑦𝑛(𝑡)]                                               (2)
 

𝑥𝑖(𝑡 + 1) = 𝑡𝑎𝑛ℎ{
1

2𝛼
[∑ 𝑊𝑗𝑖𝑦𝑗(𝑡)𝑚

𝑗=1 − 𝛽𝑖 + 𝜆𝑖(𝑡)]}                                     (3)
 

𝑦𝑖(𝑡 + 1) = 𝑡𝑎𝑛ℎ{
1

2𝛼
[∑ 𝑊𝑗𝑖(𝑥𝑗(𝑡)𝑛

𝑖=1 + 𝑎𝑖(𝑡)) − 𝛽𝑗 + 𝜆𝑗(𝑡)]}                         (4)
 

Among these, 𝛼 denotes the steepness parameter. 𝑊𝑖𝑗 is the synaptic weight from neuron i to neuron 

j. The activation threshold of neuron I is characterized by 𝛽𝑖. If the threshold is equal to zero, the 

energy function of the network will be denoted as 𝐸 = −𝑋𝑇𝑊𝑇𝑌. 𝐴𝑖(𝑡) is the input sent to the input 

layer Signal, and 𝜆𝑖(𝑡) is a Gaussian noise component with a mean of 0 and IID. The network is 
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equipped with M pairs of memory vectors (𝑋𝜂 ,  𝑌𝜂), 𝜂 = 1,2, . . . , 𝑀, 𝑥 ∈ {−1,1}𝑛, 𝑦 ∈ {−1,1}𝑚. Each of these 

corresponds to a different M-ary signal. 

(𝑋𝑝)𝑇𝑋𝑘 = {
0, 𝑝 ≠ 𝑘
𝑛, 𝑝 ≠ 𝑘

                                                   (5)
 

 

(𝑌𝑝)𝑇𝑌𝑘 = {
0, 𝑝 ≠ 𝑘
𝑚, 𝑝 ≠ 𝑘

                                                  (6)
 

Hebb's rule, often known as the outer product sum approach, is used in the construction of the 
weight matrix W that makes up the network: 

𝑊 =
1

𝑁
∑ 𝑌𝜂(𝑋𝜂)𝑇𝑀

𝜂=1                                                  (7)
 

A decision rule is designed at the end that will be receiving the information, and the overlap 𝑚𝜂 

between the state vector Y(t) and the memory vector 𝑌𝜂  at the output end of the network is 

described as follows: 

𝑚𝜂(𝑡) =
1

𝑚
𝑌(𝑡)𝑇𝑌𝜂                                                   (8)

 

The m-dimensional space V of the state vector Y(t) can be divided into M subsets using the overlap 

𝑚𝜂(𝑡). One of these subsets, 𝑉𝜂 = {𝑌|𝑚𝜂(𝑡) ≥ 𝑚𝑗(𝑡)}, represents the attraction domain that corresponds 

to the memory vector 𝑌𝜂. When the modulation vector 𝐴𝑋𝜂 is fed into the network, the network state 

vector Y(t) will, in a statistical sense, primarily lie inside the attraction cap V sub eta domain. This 
is because the modulation vector 𝐴𝑋𝜂 is being fed into the network. After that, to decode the M-ary 

digits at the sampling time 𝑡 = 𝑗𝑇𝑏, one must first determine which of the subsets 𝑉𝜂 the network 

state vector Y(t) belongs to. This is the same as calculating the overlap amount that has to be 
decoded for 𝑚𝜂(𝑗𝑇𝑏), and if 𝑌(𝑡) ∈ 𝑉𝜂  is present, interpreting it as a symbol that corresponds to 

𝑚𝜂(𝑗𝑇𝑏). Calculating the error probability 𝑃𝑒, which is defined as follows, this study measures the 

decoding performance of system transmission of the decision rules described above: 

𝑃𝑒 = ∑ 𝑝(𝑖)[∑ 𝑝(𝑗|𝑖)𝑀
𝑗=1,𝑗≠𝑖 ]𝑀

𝑖=1                                            (9)
 

Among them, p(i) is representative of the prior probability of the number I in the M-ary signal. This 
prior probability is generated from the experimental signal set using statistics, utilizing the 
multivariate signal set with equal prior probability. p(j|i) indicates when the input was received. 

When the number is assigned to i, the probability of decoding to j can be determined by contrasting 
the outcome of the system's decoding operation with the initial set of input signals and tallying the 

number of incorrect symbols. 

As seen in the table below, the accuracy rate serves as the evaluation index for the model. 

𝐴𝑐𝑐 =
𝑇𝑃

𝑇𝑃+𝐹𝑁+𝐹𝑃+𝑇𝑁
                                                   (10)

 

4 RESULTS 

While we apply the other three algorithms to this dataset, we refer to the BAMNN approach as our 
algorithm. We evaluate the performance of the OUR algorithm in comparison to the convolutional 
neural network algorithm (CNN), the multilayer perceptron algorithm (MLP), and the random forest 

method (RF). A comprehensive and multi-level analysis of the four algorithms is carried out here. 
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Figure 3: Accuracy as a function of the number of iterations. 

Figure 3 depicts how the accuracy of the OUR method, the CNN algorithm, the MLP algorithm, and 
the RF algorithm changed as the number of iterations increased. These algorithms were used to train 

a neural network. It is clear from the chart that the number of times the OUR algorithm is iterated 
contributes positively to the accuracy of the results it produces. The accuracy of the OUR algorithm 

is the highest among the four algorithms right at the start of the iteration. In addition to this, we 
can see that during the entirety of the iterative process, the accuracy of our method is the highest 
among the other three algorithms. The accuracy of the CNN algorithm is ranked second in the early 

iterations, but it experiences a little decline in the middle iterations of the process. However, the 
precision of the CNN algorithm was only one of the critical factors in the final result. The accuracy 

of the MLP and RF algorithms gradually improves when the number of iterations performed increases. 
During iteration, the accuracy of these two algorithms steadily improves alternatingly. The final 
findings demonstrate that, among the four algorithms tested, the accuracy of the OUR algorithm is 

the highest.  

The four different algorithms' loss values are shown in Figure 4, along with their progression 
when the number of repetitions increases. It is clear that as the number of iterations increases, the 

loss caused by each of the four methods will become less severe. The OUR algorithm suffers the 
most minor damage at the early moment, followed by the CNN algorithm, the RF algorithm, and the 

MLP algorithm in that order. The MLP algorithm suffers the most damage. As more iterations of the 
complete model are performed, a lower percentage of the four algorithms are finally lost, and this 
trend continues until it is stabilized. The ultimate loss reveals that the OUR algorithm suffered the 

slightest loss overall, followed by the CNN algorithm in second place, the RF algorithm in third place, 
and the MLP algorithm suffering the most significant loss overall. This demonstrates that out of the 
four algorithms, the one with the minimum loss value in the function that measures loss is the OUR 

method. This indicates that the model of the OUR algorithm is more applicable to this dataset in 
terms of its practicality. 

A comparison of the recall and precision rates achieved by each of the four algorithms is 
presented in Figure 5. As mentioned in the previous paragraph, the recall rate of the OUR algorithm 
is the highest, followed by the recall rate of the CNN algorithm, the recall rate of the RF algorithm, 

and the recall rate of the MLP algorithm, which is the lowest. The following subgraph demonstrates 
that the recall rate of the OUR algorithm is the highest, followed by the recall rate of the CNN 

algorithm, followed by the recall rate of the MLP algorithm and finally followed by the recall rate of 
the RF algorithm, which is the lowest. 
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Figure 4: Loss values under different models. 

 

Figure 5: The recall and precision of the four algorithms. 

From the comparison of the recall rate and the precision rate, it can be seen that the OUR algorithm 

is the best among the four algorithms in these two indicators. This conclusion can be drawn from 
the fact that the OUR algorithm was chosen as the focus of this discussion. This demonstrates that 

the functionality of the OUR algorithm is at its highest possible level. 

The chart illustrating a comparison of the F-scores of the four algorithms can be seen in Figure 
6. As a result, we can deduce that the F-score of our algorithm is greater than that of CNN's 

algorithm, MLP's algorithm, and RF's algorithm, respectively. This is the case because our algorithm 
was developed first. 

5 CONCLUSION 

The AMNN basketball artificial intelligence assistant referee system proposed in this study is a 
practical move that may adapt to the betterment of the contemporary economic level and the 

development of science and technology. In today's society, participation in sports and athletic 
competitions is prevalent. On the one hand, the artificial intelligence referee assistance system helps 
basketball players promptly. It compensates for the shortcomings of referees and athletes who need 

help to make response plans in response to the increasing number of basketball competitions and 
the shortening of the competition cycle. The referee is responsible for adjusting the current level of 

fouls and making both prompt and accurate decisions regarding fouls on the basketball floor. 
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Figure 6: F-score of the four algorithms. 

On the other hand, the system is based on the game's massive data, takes very little time to make 
a foul judgment that is more reasonable, and offers a more accurate choice and penalty plan 

reference in the process of negotiating the race against time. This approach has positively 
contributed to the basketball players' competitive level and the tactical layout strategy from the 

comprehensiveness and efficiency of tactical creation points of view. Even though the system AMNN 
algorithm presented in this paper has achieved specific results in response efficiency and high 
satisfaction, it still needs to be improved regarding decision-making rationality and victory rate. This 

is because, at the moment, the system has achieved specific results in response efficiency and high 
satisfaction. In our ongoing research, we need to concentrate on improving how decisions are made. 

Regarding strategic decision-making in basketball, the degree of artificial intelligence referee aid 
systems is constantly improved thanks to the efficiency of algorithm mining data features. 

The AMNN that is proposed in this paper has the potential to effectively assist the referee on the 

spot in making more accurate judgments. This would further improve the fairness of the basketball 
game, assist the referee in playing the game more effectively, and make the already excellent game 
of basketball even better. Offered to more people as a presentation. This plays a part in fostering 

the growth of basketball in our nation and is necessary for its continued success. 

 
Xiaofei Wang, https://orcid.org/0000-0002-4571-3050 
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