 (
The application
s
 of 
artificial intelligence (AI) 
 in sports training 
)
[image: C:\Users\hp\Desktop\اشكالية مؤتمر\راس الصفحة.png]

The applications of artificial intelligence (AI)  in sports training 
تطبيقات الذكاء الاصطناعي في التدريب الرياضي
OMARA Noureddine                                                                                                                                                                       MENELLA Rachid
Mohamed Boudiaf University - M’sila – Algeria                                                                                          Mohamed Boudiaf University - M’sila – Algeria 
rachid.amenelehe@univ-msila.dz 	                      			Noureddine.omara@univ-msila.dz

Abstract
The integration of artificial intelligence (AI) in sports training has emerged as a transformative approach to enhancing individual performance, optimizing training strategies, and providing personalized insights for athletes and coaches. This article presents a comprehensive review of the applications, algorithms, challenges, and future directions of AI in individual sports training. We explore the utilization of AI algorithms and techniques, including machine learning, deep learning, and computer vision, in sports apps to personalize training programs, analyze performance, provide feedback, assess injury risks, and optimize training methodologies. The article examines the scientific foundations of AI-enhanced sports training, discussing the personalization and customization of individual training, performance analysis and feedback using AI-powered tools, injury prevention and risk assessment through AI models, user experience and interface design considerations.
Keywords: The applications -  artificial intelligence (AI)  -  sports training.
الملخص باللغة العربية:
الذكاء الصناعي هو تصميم برامج أجهزتة تستنسخ ذكاء البشر لتحاكي تفكيره البشري، أو معدة تظهر خصائص العقل البشري، كالمقدرة على التدريب علي ما تم تعلمه من تحليلات و فهم وحل للمشكلات بأكثر مما يدركه كثير من الأف ا رد لتنوع تطبيقاته العملية، في هذا الصدد فالذكاء الصناعي هو علم تقنيات أجهزة الكمبيوتر حتي تحاكي تنفيذ مهام ذكاء البشر كالإدراك البصري، السمعي و اللمسي و التعرف علي الأشياء في الفرغ الزمني و المكاني و تطويع ذلك في ب ا رمج تحل مشكلات و تقوم بمهام تخدم الإنسان في سرعة اتخاذ قرارات بشأنها، و كمثال الترجمة أو أداء مهمة ما، و عليه يجب استيعاب المعلومات من محيط آلاته و تعلمها بمعني أي فهم أي تدريب يخدم مجال تخصصي ما، لذا يجب استخدامة في معرفة مجالات أعمال متعدد ةً تخدم الاستثمار البشري في بناء فرق علوم البيانات والكمبيوتر. و نظرا لأن أحد اتجاهات التدريب الرياضي استخدام التقنيات الحديثة عن طريق أجهزة الذكاء الصناعي كوسائل تسهم في تحقيق ما سبق و مقابلة تحديات تطوير الأداء الفني و متطلباته الجسمية، الوظيفية، البدنية والنفس عقلية للوصول بالرياضيين لأعلي مستوي مثلي لمجابهة المنافسات الرياضية، و أيضاً اللياقة الحركية و البدنية لأفراد المجتمع لمواجهة التحديات الحياتية ببرامج سريعة و بأقل نسبة خطاْ تسهم في تغيير السلوك البشرية في مجال التدريب الرياضي.
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Introduction :
 Artificial intelligence (AI) has demonstrated remarkable power in transforming various industries. It is clear that AI has shown promising results in enhancing athletic performance, competition management, and viewer experience for sports. In this survey, we briefly discuss how cutting-edge AI technologies can provide new opportunities for sport applications, including how to perceive large-scale sport scenes, how to digitally reconstruct scenes, how to recognize targets in scenes, and how to analyse time series data for practical use. We will introduce how AI has empowered sports and what new technologies in hardware, computer vision, deep learning, and large language models can further trigger new applications for sports. Through this analysis, we identify promising directions for future research and development, suggesting ways to bridge the gap between cutting-edge AI capabilities and sports applications. Our review provides valuable insights for researchers and practitioners working at the intersection of AI and sports, offering a roadmap for future innovations in this rapidly evolving field.
Literature Review: 
Artificial intelligence (AI) has fundamentally transformed numerous aspects of our daily lives, revolutionizing how we work  communicate, and interact with technology , From autonomous vehicles to personalized recommendations , AI technologies have demonstrated unprecedented capabilities in solving complex problems and generating innovative solutions across various domains. This technological revolution has not only enhanced efficiency and automation but also opened new possibilities for understanding and processing complex data patterns. 
The sports industry, as a significant sector of global entertainment and professional development, has not remained untouched by this AI revolution. Traditional sports-related processes, from athlete training and performance analysis to event management and viewer experience, are being increasingly augmented by AI technologies. Computer vision algorithms now track player movements with remarkable precision , machine learning models predict injury risks and optimize training schedules, and automated systems enhance broadcast quality and viewer engagement.
The intersection of technology and journalism has drastically reshaped the media landscape, and few innovations have been as transformative as artificial intelligence (AI). In the realm of sports journalism, AI is increasingly being utilized to automate processes, analyze vast datasets, and even generate content, offering both promising advancements and significant challenges. From real-time data analysis and automated match reports to personalized content delivery, AI is rapidly changing how sports stories are produced, disseminated, and consumed by the public. As AI technologies evolve, they bring numerous opportunities for sports journalism. Automated systems can instantly compile statistics, generate game summaries, and even predict future match outcomes, offering sports journalists new tools to enhance their reporting. These advancements allow for faster coverage, deeper analysis, and more engaging storytelling for audiences, particularly in the fast-paced, contentdriven world of modern sports media.
What is Artificial Intelligence?:
Defining Artificial Intelligence is challenging. Artificial Intelligence (AI) is a branch of computer science that examines the theoretical underpinnings, approaches, and techniques that enable the design of hardware systems and software program systems that can perform tasks on a computer that, to the untrained eye, seem to be limited to human intelligence. The definition of a crucial scientific field is widely acknowledged due to its strategic importance. Its objective is to go beyond the existing limits of information technology in particular areas, with the scientific aim of improving and broadening computer capabilities. It's important to note that artificial intelligence (AI) is an exploratory field, wherein an AI system is considered adequate only when its intended performance can be quantified.
The sports industry has openly embraced AI because of its many applications in various aspects of sport, including training, refereeing, predicting and recovering from injuries and its potential for fan engagement. This article aims to provide a short introduction to some of the many valuable opportunities that AI offers to sport. But it also aims to draw attention to something less appealing, but equally important, namely the serious ethical concerns that these applications raise. Indeed, it can be affirmed that for every positive application, there is also a hidden side that needs to be carefully addressed in order to ensure the safe use of AI in sport.
The endless uses of AI in sports:
In any case, the current impact of AI in sport can be seen and categorized in many different ways .According to Deloitte (2021), AI is impacting Olympics sports in four important areas, namely, a) AI in play, b) the consumption of AI, c) the management of AI, and d) AI monetization. Others, like Brady, Tuyls and Omidshafiei (2021), categorise AI applications in sports depending on its uses. Accordingly, they distinguish between two major categories of AI in sports, namely, a) AI in the game, which includes fan engagement, media coverage and so on, and b) AI around the game, which is divided into different stages, such as pre-match, in-match and postmatch uses or applications of AI. Training and coaching Improving athletic performance and individual skills is undoubtedly the primary goal of training and coaching. AI-powered devices have demonstrated their utility for cultivating human skills and capacities. Indeed, the use of these AI devices for this purpose is constantly increasing. In this sense it is worth mentioning Intel’s
3D athlete tracking system (3DAT). This technology, almost unknown a few years ago, has become an essential tool for elite athletes around the world. 
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Health:
Health is crucial for sport, but sport and health do not always go together. In fact, while physical exercise is good for health, professional and elite sports pose a challenge and, in most cases, a serious threat to the health of athletes. AI has proven its value in improving the health of athletes by providing accurate information on various parameters of athletes’ health and appropriate feedback in real time.
Athlete development:
Motion capture has evolved significantly in athlete training and performance analysis, incorporating various technological approaches and methodologies. Ortega et al. established fundamental applications of motion capture in sports performance analysis, whereas Pons et al. advanced the field by comparing GPS devices with multicamera video technology in soccer matches, demonstrating the complementary nature of different tracking systems. The emergence of computer vision-based approaches has been particularly significant, with Ostrek et al. evaluating monocular systems in alpine skiing and Nibali et al. contributing the ASPset outdoor sports pose dataset with 3D keypoint annotations. Further technological advancements are exemplified by the UnrealEgo dataset  for egocentric 3D motion capture, whereas Johnson et al. demonstrated the technology’s ability to predict athlete ground reaction forces, illustrating its broader applications in tactical analysis and injury prevention. 
Comparison of AI vs. Traditional Methods in Sports Training Traditional methods of sports training:
have long relied on subjective assessments and physical observation. Coaches would evaluate an athlete’s performance based on visual cues, offering feedback and adjusting their approach based on what they saw. Performance assessments were largely intuitive, with athletes being judged on their appearance, skill level, and perceived effort during practice. This method often relied on the coach’s experience, which, while valuable, had limitations. Subtle inefficiencies in an athlete’s movement, such as misalignments or improper techniques, could easily be overlooked, especially when coaches had to manage multiple athletes at once. For instance, the prevention of injury using traditional methods mainly included assessment of coach of visual signs of fatigue or stress. In some cases, this approach may miss the initial signals of biomechanical inefficiencies or fatigue that are difficult to find without objective data. Consequently, athletes can continue training under suboptimal movement patterns or stress, which increases the risk of injury. This is the place where the AI-managed systems have created a significant difference. AI in sports training focuses on real-time, data-powered insights from subjective assessment. Wearable equipment, such as inertial measurement units (IMU), speed sensors, and heart rate monitors, continuously track the performance of an athlete, provide real-time data on elements such as muscle activity, joint angle, and level of fatigue. AI algorithms analyze the data to find the pattern that might be overlooked by human observation and immediately offer an actionable response. For example, an AI system can assess the running mechanics of an athlete and flag when their form goes wrong, providing real-time guidance to adjust their technique before an injury occurs (Zhang, 2020). The predictive capabilities of AI also stand in contrast to traditional training methods. While coaches can often make adjustments based on their experience, these changes are reactive, occurring after an issue is noticed. AI, however, can predict when an athlete is likely to experience fatigue or when a specific movement pattern might predispose them to injury. For instance, AI systems can analyze an athlete's training data and forecast potential injury risks based on workload, recovery time, and movement efficiency. This proactive approach provides more precise interventions, preventing injuries before they escalate. Moreover, AI allows for dynamic, personalized rehabilitation. In traditional methods, rehabilitation often followed a set protocol that did not account for individual progress or real-time changes in the athlete’s condition. Coaches or therapists typically relied on their observation of the athlete's progress, International Journal of Research Publication and Reviews, which, although useful, lacked the adaptability offered by AI. AI-powered wearables monitor the athlete’s recovery in real-time, adjusting exercises based on muscle activation and joint mobility, ensuring that rehabilitation is personalized and progress is continually tracked.  In contrast, the scalability of the AI system further enhances their benefits. While traditional methods were often limited by the availability of coaches and resources, AI allows for automatic training and rehabilitation. Through AI-operated fitness apps and wearables, athletes at any skill level can reach individual training programs and recovery plans without the need for continuous supervision. This change enables high-quality sports training, allowing it not only to professional athletes, but also to amateurs and recreational athletes looking to optimize their fitness. In summary, the integration of AI in sports training provides clear advantages over traditional methods. AI enables more efficient and effective training, injury prevention, and rehabilitation by providing real-time, data-driven insight and predictive capabilities. The transition from intuition-based coaching to objective, real-time data analytics marks a significant improvement in how athletes train and recover.
Emerging technologies and future prospects:
The ability to accurately capture and reconstruct human motion in three dimensions has become increasingly crucial in modern sports analysis and performance evaluation. Motion capture and 3D reconstruction technologies have emerged as powerful tools for understanding athletic movements, improving training methodologies, and enhancing the overall sports experience. These technologies enable coaches, analysts, and researchers to study complex athletic movements in unprecedented detail, offering insights that were previously impossible to obtain through traditional observation methods. This section explores cutting-edge technologies that are reshaping the landscape of 3D sports modeling  and examines their potential future applications in the sports industry.
Significance of Technological Revolution:
Many important elements highlight the significance of the technological revolution in sports and exercise science:
· Performance  Enhancement: Technology  has  been  crucial  in expanding what is possible for humans in terms of performance. Wearable technology has made it possible for athletes to monitor their performance data in real time, leading to more individualized  training  plans.  Coaches  and  sports  scientists  can  use  advanced biomechanical analysis technologies to pinpoint problem areas, fine-tune players' techniques, and cut down on injuries
· Data-Driven Decision Making: A data-driven culture has emerged in  sports  thanks  to  the  proliferation  of  new technology  in  the industry. Athletes, coaches, and managers can now draw on a variety of data that previously was unavailable to them. Athletes can benefit greatly from the construction of individualized training plans with the use of data gleaned from sophisticated performance analysis tools.
· Athlete  Development: Training  methods  for  athletes  have  been transformed by technology. Sports organizations can do a better job of spotting future stars if they can keep tabs on youthful talent from an early age. This has opened up the process of spotting sporting talent to more people.
· Spectator Engagement: Technology advancements have improved the  game-watching  experience  for  fans  as  well  as  players  and coaches. The way sports fans interact with their favorite teams and players has been revolutionized by virtual reality, augmented reality, and other immersive technology.
· Ethical Considerations: There are new moral questions because of technical developments in sports. The privacy of athletes is a serious concern,  as  is  the  usage  of  technologies  that  improve  their performance
Advantage and disadvantage of sports technology:
· Performance   Optimization: Enables  data-driven  training  and personalized regimens, leading to enhanced performance.
· .Injury   Prevention: Biomechanical  analysis  tools  help  identify movement flaws, reducing the risk of injuries.
· Talent  Identification:  Technology  aids  in  identifying  and  nurturing young talents more effectively.
· Real-Time  Feedback: Wearable devices provide instant performance feedback, aiding in on-the-spot adjustments.
· Data-Driven  Decision  Making: Coaches  and  athletes  can  make informed decisions based on objective data.
· .Spectator  Engagement: Virtual  reality  and  simulations  enhance  fan experiences and engagement.
· .Mental Preparation: Virtual reality helps athletes practice and prepare for high-pressure situations.
· .Enhanced  Analysis: Performance  analysis  software  provides  deeper insights for strategy development.
· Adaptive Training: Technology allows training in various conditions, improving adaptability.
Disadvantages:
· Overreliance: Athletes may become overly dependent on technology, neglecting traditional training methods
· Privacy Concerns: Collecting personal data through wearable devices may raise privacy issues for athletes.
· Financial  Disparities: Well-funded  athletes  or  teams  may  have  an advantage in accessing advanced technologies.
· Ethical  Considerations: Use of performance-enhancing technologies may raise ethical concerns.
· Complexity: Integration and management of multiple technologies may be challenging for some organizations.
· Potential  Technical  Issues: Technology failures during competitions can disrupt events and frustrate athletes.
· Learning Curve: Some athletes and coaches may struggle to adopt to new technologies.
AI Performance Enhancement.
Enhancing an athlete’s performance in the absence of AI involves the implementation of various conventional methods and strategies. To optimize performance through the use of a sports app, the following methods should be integrated and made available within the app:
· Structured Training Programs: Develop meticulously designed training programs that center on specific performance objectives, such as enhancing strength, endurance, speed, or agility. These programs should encompass progressive overload, periodization, and appropriate intervals for rest and recovery.
· Individualized Training: Customize training programs to align with the specific needs and capabilities of each athlete. Take into account factors such as age, fitness level, injury history, and personal goals when crafting personalized training plans.
· Proper Nutrition: Ensure athletes receive a well-balanced diet that provides adequate
· macronutrients and micronutrients to sustain energy levels, promote muscle growth, and facilitate recovery. Collaborate with nutritionists or dietitians to develop tailored meal plans according to individual requirements.
· Sport-Specific Skill Development: Allocate dedicated time to refine technical skills and strategic acumen relevant to the specific sport. Emphasize improvements in techniques, decision-making abilities, and situational awareness through targeted drills, practice sessions, and simulations mirroring actual game scenarios.
· Strength and Conditioning: Incorporate strength training and conditioning exercises within the app to enhance muscular strength, power, and endurance.
· Design workouts that specifically target movements and muscle groups pertinent to the sport.
· It is important to note that these aforementioned plans cannot be applied in isolation. Within the sports app, there must be functionality to select standardized training plans and provide nutritional guidance.
AI-based sports App:
The integration of AI in sports training has garnered significant attention due to its potential to enhance individual performance and optimize training strategies. This section highlights case studies and empirical evidence that demonstrate the impact of AI on individual training, showcasing real-world examples of how AI-powered tools have improved athletes’ performance, training efficiency, and overall outcomes. The AI-based sports app should be able to detect the kind of sports by the delivered data of the sensors.
· Performance Enhancement
In this scenario AI-powered tools can significantly enhance an athlete’s performance. For instance, researchers implemented AI algorithms to analyze athletes’ training data, physiological measurements, and performance metrics. By identifying patterns and correlations within the data, the AI system generated personalized training plans and optimized workout schedules. Athletes following these AI-guided programs experienced improvements in their physical capabilities, such as increased strength, speed, agility, and endurance.
· Training Efficiency and Adaptability
Empirical evidence suggests that AI-powered tools can enhance training efficiency and adaptability. By continuously monitoring an athlete’s performance, AI algorithms can analyze real-time data and provide instant feedback on technique, form, and performance metrics. This enables athletes to make immediate adjustments and optimize their training sessions. Case studies have demonstrated that athletes using AI-powered tools spend less time on inefficient or ineffective training methods, resulting in more productive and tailored training regimens.
· Injury Prevention and Rehabilitation
AI-powered tools have shown promise in injury prevention and rehabilitation. By analyzing biomechanical data, training logs, and medical records, AI algorithms can identify injury risk factors and provide personalized recommendations to mitigate those risks. For example, researchers developed AI models that analyze an athlete’s movement patterns and identify potential biomechanical imbalances that may lead to injuries. By addressing these imbalances through targeted exercises and corrective techniques, athletes can reduce their risk of injuries and enhance their overall recovery.
· Decision Support for Coaches
AI-powered tools provide valuable decision support for coaches in individual training programs. By analyzing vast amounts of data, including performance metrics, historical records, and training progress, AI algorithms can generate insights and recommendations for coaches. These insights help coaches tailor training programs, set realistic goals, and make informed decisions regarding workload management, training intensity, and recovery strategies. Case studies have demonstrated that coaches utilizing AI-powered decision support systems can optimize training outcomes and improve the overall performance of their athletes.
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Personalization and Individualized Training
Empirical evidence showcases the power of AI in personalizing training programs to meet individual needs and goals. AI algorithms can analyze an athlete’s characteristics, preferences, and performance data to generate customized training plans. These plans take into account an athlete’s strengths, weaknesses, and specific requirements. Case studies have demonstrated that personalized AI-guided training programs result in better engagement, increased motivation, and improved performance outcomes compared to generic training approaches.
1- Long-Term Performance
AI-powered tools enable long-term performance monitoring and tracking. By aggregating and analyzing data over extended periods, AI algorithms can identify trends, track progress, and provide insights into an athlete’s long-term development. Case studies have utilized AI to monitor an athlete’s performance over multiple seasons, identifying areas of improvement and predicting future performance trends. This long-term monitoring allows athletes and coaches to make data-driven decisions and develop strategies for sustained success.
2- Personalization and Customization of Individual Training Through AI
Personalization plays a crucial role in harnessing the potential of AI in sports training. Through the use of advanced algorithms and data analysis techniques, AI enables the adaptation of training programs to the different needs and characteristics of individual athletes. In this section, we address the scientific aspects of personalization and individualization within AI-driven sports training and explore
how it improves training efficiency and performance outcomes.
Benefits of AI in Sports Apps
In sports, performance analysis and feedback are essential components for optimizing athletic performance. The advent of AI has revolutionized these areas by enabling advanced tools and algorithms to provide comprehensive analysis and feedback to athletes in real time. This section reviews the scientific aspects of performance analysis and feedback using AI-based tools, exploring the methods used and their benefits. AI-based tools use a variety of sensors, wearable devices and tracking devices to collect extensive data during training and competition. These data sources include physiological measurements, biomechanical data, motion tracking and performance metrics. Using AI algorithms, these diverse data streams are analyzed and integrated to provide a holistic view of an athlete’s performance. AI algorithms use sophisticated pattern recognition techniques to analyze vast amounts of data and identify meaningful patterns and trends. By detecting subtle changes and correlations in the data, AI systems can identify key performance indicators, highlight areas for improvement and provide valuable information to athletes and coaches. Advanced machine learning algorithms, such as deep neural networks, excel at processing complex and multidimensional data, enabling more accurate performance analysis. One significant advantage of AI-based tools is their ability to provide real-time feedback, allowing athletes to make immediate adjustments and improvements. By processing data in real time, AI algorithms can provide instant feedback on technique, form and other performance parameters. This feedback can be delivered via visual displays, auditory cues, or haptic feedback, depending on the specific application. Real-time feedback allows athletes to make timely adjustments and optimize their performance during training or competition.
Conclusion:
In conclusion, the integration of AI in sports training has demonstrated great potential in enhancing individual performance, optimizing training strategies, and providing valuable insights for athletes and coaches, personalization of individual training, performance analysis and feedback, injury prevention and risk assessment, user experience and interface design considerations, ethical implications and data privacy,  AI systems empower athletes to optimize their training for improved performance outcomes and long-term development. AI-powered tools have revolutionized performance analysis and feedback in sports, AI algorithms provide athletes and coaches with valuable insights for performance optimization.
The integration of AI in sports performance analysis enables evidence-based decisionmaking, enhances training efficiency, and contributes to scientific advancements in the field.
The integration of AI in sports performance analysis enables evidence-based decision-making, enhances training efficiency, and contributes to scientific advancements in the field. User experience and interface design considerations are integral to the successful adoption and effectiveness of AI-powered sports applications. 
The integration of AI in sports apps necessitates a careful consideration of ethical implications and data privacy concerns. By prioritizing data privacy and security, obtaining informed consent, ensuring fairness and bias mitigation, promoting explainability and accountability, adhering to ethical data use, complying with regulations, and establishing ethical oversight, AI-powered sports apps can uphold ethical standards, protect athlete privacy, and foster trust among users. While AI-enhanced sports training holds great promise, several challenges need to be addressed to fully unlock its potential. Overcoming the challenges related to data quality and availability, interpretability and explainability, ethical considerations and bias, human-AI collaboration, generalization and transferability, long-term monitoring, and collaboration and data sharing will shape the future directions of AI in sports training
Recommendations:
The application of AI in sports training has shown promising results in improving performance outcomes, enhancing training efficiency, and aiding in injury prevention and rehabilitation. AI algorithms, such as machine learning and computer vision, have been utilized to analyze data, generate personalized training programs, provide real-time feedback, and assist in decision-making processes. Case studies and empirical evidence have showcased the positive impact of AI on individual performance, training effectiveness, and longterm monitoring. However, several challenges, including data quality, interpretability, ethical considerations, collaboration, and generalization, need to be addressed to fully leverage the potential of AI in sports training.
The sports industry is one of the most rapidly evolving industries in the world. With the ever-growing popularity of spectator sports and the increasing amount of money involved in the business of sport, there is a constant need for new and innovative ways to improve the experience for both athletes and fans. One area that is currently undergoing a lot of change and development is the use of artificial intelligence (AI) in sports. AI is being used in a variety of different ways in the sports industry, from player tracking and analysis to fan engagement and experience. Player tracking and analysis is one of the most important uses of AI in sport. By using sensors and data collected from players, AI can be used to provide coaches with valuable insights into player performance. information can then be used to make strategic decisions about game plans, player selection, and training regimes. Fan engagement and experience are other areas where AI is starting to make an impact. By using data about fan preferences and behavior, AI can be used to customize the fan experience by providing personalized content and recommendations. AI can also be used to improve ticketing systems so that fans can get access to the games they want to see without having to deal with long queues or sold-out tickets. In addition, AI could help coaches choose which plays to call, identify potential injuries, and predict the outcome of games. 
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