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With the acceleration of urbanization and the growing awareness of health, traditional gyms face challenges related to space, time, and operational costs, particularly in meeting the fragmented fitness needs of urban residents. Unmanned gyms, integrating advanced technologies such as the Internet of Things (IoT) and Artificial Intelligence (AI), provide flexible, personalized fitness solutions available 24/7, addressing the increasing fitness demands of modern urban populations. Moreover, through innovative business models such as dynamic pricing, data monetization, and value-added services, unmanned gyms optimize their revenue structures and enhance user experiences. However, despite their significant growth potential, unmanned gyms still face challenges in terms of technology, ethics, and regulation. This paper reviews the current development of unmanned gyms, their spatiotemporal characteristics, and future trends. Future research should focus on the sustainability of technologies, user engagement, and the improvement of regulatory frameworks to foster the healthy growth of the unmanned gym industry.
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1 Introduction

With the rapid pace of urbanization and the increasing awareness of health, initiatives such as “Healthy China” and “National Fitness” have emphasized the importance of fitness. The World Health Organization (WHO) highlighted in its “Global Action Plan on Physical Activity 2018–2030” that regular physical exercise can prevent non-communicable diseases (NCDs), hypertension, obesity, and improve mental health and quality of life (1). As fitness demand increases, particularly with the rise of unmanned gyms, the opportunities in the fitness industry have surged. Relevant policies indicate that improving the accessibility of fitness facilities is key to advancing national fitness plans (2). As urban populations continue to grow, it has become increasingly urgent to meet the diverse health, time, and location demands of individuals. Unmanned gyms, utilizing emerging technologies such as Internet of Things (IoT) and Artificial Intelligence (AI), provide flexible and cost-effective fitness solutions, addressing the fitness needs of urban residents. By overcoming the time and spatial constraints faced by traditional gyms, unmanned gyms offer innovative 24/7 fitness opportunities to busy urban populations (3). This study investigates the role of unmanned gyms as emerging components of urban health infrastructure. It aims to evaluate their technological integration, spatial and temporal accessibility, and operational models, and to assess their potential impact on urban health equity. Through a multidimensional analysis, this paper seeks to identify both the benefits and challenges of unmanned gym adoption, providing theoretical insights and practical implications for the design of sustainable urban fitness ecosystems.



2 Research methods

This study systematically examines the role of unmanned gyms in urban health infrastructure through a comprehensive analysis of existing literature, focusing on multiple dimensions including technological integration.

The literature search was conducted across several authoritative databases, including PubMed, Web of Science, Scopus, Google Scholar, and China National Knowledge Infrastructure (CNKI), covering publications from the inception of each database to the present. Relevant keywords such as “unmanned gyms,” “smart fitness,” “Internet of Things,” “artificial intelligence,” and “urban spatial accessibility” were employed using Boolean operators to refine the search. Additionally, citation tracking was utilized to ensure a thorough and systematic coverage of the literature. Inclusion criteria prioritized empirical studies, case analyses, and high-quality reviews focusing on technological applications, operational models, and social implications of unmanned gyms, published in reputable journals indexed by SCI, SSCI, or CSSCI. Studies exclusively addressing isolated technical components or non-peer-reviewed literature were excluded to maintain the scientific rigor and reliability of the findings. Full-text screening and relevant data extraction were performed on the selected articles. Thematic analysis was applied to synthesize key findings into three overarching themes: technological innovation, spatiotemporal characteristics, and socio-political impacts. This multidimensional analytical framework provides a robust theoretical foundation and practical guidance for advancing the understanding of unmanned gyms and their future development within urban fitness ecosystems.



3 Current development of unmanned gyms


3.1 Concept and characteristics

Building on previous research on unmanned gyms, this concept represents an innovative health service model driven by intelligent and automated technologies. It can be defined as a smart fitness space that integrates IoT technology, smart devices, environmental sensing, data interaction, and user self-service systems, offering fully automated management and personalized health solutions with the aim of reducing operational costs and enhancing user experience (4, 5). In this study, unmanned gyms are further defined as a new fitness service model deeply integrating emerging technologies such as the Internet of Things (IoT), Artificial Intelligence (AI), big data analytics, and computer vision.

The core characteristics of unmanned gyms are manifested in the use of intelligent hardware systems as the physical infrastructure (including smart access control, wearable devices, adaptive fitness equipment, etc.), along with real-time data interaction via environmental sensing modules (dynamic adjustment of temperature, humidity, and air quality) and user behavior capture systems (such as motion recognition, heart rate monitoring, and posture analysis), creating a “perception—analysis—response” feedback loop. Without the intervention of on-site staff, the entire process of user authentication [e.g., facial recognition or Quick Response(QR) code], workout plan customization (AI coaches), equipment parameter auto-adjustment (resistance/speed adjustments), energy consumption dynamic management (device sleep/wake modes), and emergency response (safety alerts) is automated through cloud-based algorithm platforms.

Typical application scenarios include 24/7 unmanned services, flexible payment models based on session or time usage, and continuous optimization of personalized health profiles based on users' biometric features and exercise data, forming a new fitness ecosystem that combines “smart equipment + digital services + precision operations.”



3.2 Global development trends

The global fitness industry is experiencing rapid growth, particularly in the areas of technological innovation and personalized health management, with future market trends indicating an increasing demand for tailored, refined services (6). Despite economic pressures, the global fitness industry continues to show strong growth prospects (7). The book “Digital Transformation of the Fitness Industry” points out that in the context of countries around the world jointly addressing challenges, the digitalization process of the fitness industry not only brings new challenges but also nurtures more opportunities (8). Unmanned gyms emerged in this context, initially in developed regions such as the United States and Europe, and are now expanding internationally. As public awareness of health and fitness services increases, unmanned gyms have seen widespread adoption. Notably, technologies such as smart fitness mirrors and AI-integrated mobile apps can provide real-time guidance and optimize user services.

In emerging markets like China, unmanned gyms have extended their reach into smaller cities and communities, accelerating the digital transformation and expansion of personalized services. Government support through national fitness policies has further accelerated the development of unmanned gyms (9).



3.3 Integration of core functions and key technological applications in unmanned gyms

As a major innovation in the fitness industry, unmanned gyms integrate intelligent technologies, automation, and personalized health services, aiming to address several core issues present in the operation of traditional gyms (5) (Table 1). The key features of unmanned gyms include: users can complete the entire process of booking, payment, and equipment control via a mobile app or smart devices without the need for human intervention. Smart access control systems enable entry via facial recognition or QR code scanning, while fitness equipment automatically powers on or off. All gym equipment is interconnected through IoT technology, allowing real-time upload of exercise data, which users can access and analyze anytime. Some devices can also automatically adjust resistance or speed based on user data, providing a more personalized training experience.



TABLE 1 The operational model differences between unmanned gyms and traditional gyms.



	Dimensions
	Traditional Gyms
	Unmanned Gyms





	Human Resource Dependency
	Require front desk staff, trainers, cleaners, etc.
	Fully automated; only require remote technical maintenance



	Service Hours
	Fixed operating hours (usually 8:00–22:00)
	Open 24/7, flexible user scheduling



	User Interaction
	Rely on human instruction and class reservations
	All reservations, payments, and data tracking done via APP



	Cost Structure
	High human resource costs, venue rent
	Human resource costs reduced, smaller venue size



	Degree of Personalization
	Rely on trainer experience, mainly standardized classes
	Precise personalization based on big data and AI



	Safety and Hygiene
	Rely on manual inspections
	Sensors monitor equipment safety in real-time, ultraviolet disinfection is automated







Additionally, AI algorithms generate customized fitness plans based on user body data [such as Body Mass Index (BMI) and exercise habits], and real-time feedback and corrections are provided through an intelligent coaching system. IoT technology also enables real-time monitoring of equipment status, reducing operational and maintenance costs, while smart lighting and air conditioning systems adjust energy consumption based on foot traffic, thereby improving resource utilization. Unmanned gyms break the time limitations of traditional gyms, supporting 24/7 operations to meet the fragmented fitness needs of modern urban populations.

The development of smart portable devices opens up opportunities to conduct research, monitor health, and track disease with the vast amount of physiological, behavioral, and activity data that is constantly being collected in a variety of natural environments (10). From a technological application perspective, unmanned gyms fully leverage advanced technologies such as IoT, AI, and big data analytics. IoT technology enables fitness devices to synchronize user data to the cloud in real-time, while smart air conditioning and lighting systems automatically adjust based on foot traffic to reduce energy consumption. AI utilizes motion recognition technology to analyze users' exercise postures in real-time, providing corrective feedback. The virtual coach feature allows users to receive remote video guidance from coaches through the app, offering personalized training suggestions. Big data analytics integrates users' exercise data and health indicators, helping to generate long-term fitness trend reports and predict peak hours through historical data, dynamically adjusting maintenance cycles for equipment. The application of these technologies not only enhances the personalization and intelligence of fitness services but also significantly improves resource utilization efficiency and optimizes operational costs.

A systematic review of fitness center service quality reveals that traditional gyms are often affected by factors such as facility quality, staff quality, pricing, and accessibility, all of which can be improved to increase customer satisfaction (11). Compared to traditional gyms, the service model of unmanned gyms better mitigates the impact of these factors, effectively addressing issues such as high operational costs, fixed business hours, and limited revenue, providing users with greater flexibility. This is particularly suited to the fast-paced urban lifestyle, supporting the night-time economy and contributing to the development of low-carbon cities (12, 13). Intelligent technologies like facial recognition, AI coaching, and big data analytics make the training process more personalized by real-time adjustment of exercise intensity and offering 24/7 guidance, enhancing both convenience and effectiveness. The service quality of traditional gyms is often influenced by factors such as facility quality, staff competence, pricing, and accessibility, whereas unmanned gyms reduce the interference of these factors through technological innovations, offering a more efficient and cost-effective service model (14). Therefore, unmanned gyms not only possess advantages in technological application but also address many systemic issues of traditional gyms, holding significant market potential. These innovations, which integrate technology, urban planning, public health, and behavioral science, promote the development of smart cities, enhancing urban functionality and user satisfaction (15, 16).




4 Spatial accessibility


4.1 Health-oriented urban spatial planning and fitness accessibility

With urbanization accelerating, spatial planning is shifting from a “functional zoning” to a “health-oriented” approach. Optimizing urban space significantly impacts physical activity and public health, with community environments and infrastructure playing a crucial role in preventing chronic diseases (17, 18). In high-density cities, where space is limited and health demands are rising (19), improving the built environment can increase physical activity, particularly in areas with high accessibility to walking, cycling, and public transport facilities (20). In a study on health-oriented urban spatial planning and fitness accessibility, the dual value of running as a new commuting mode in promoting healthy lifestyles and urban livability is revealed, aiming to enhance the city's health accessibility and fitness convenience (21). Unmanned gyms optimize space utilization through smart technology, overcoming time and space constraints, reducing overcrowding during off-peak hours, and enhancing accessibility via mobile applications and smart devices (22). Their integration into transitional urban spaces—such as community centers and subway hubs—expands facility coverage within a 10-minute walk, fostering a more inclusive fitness culture and encouraging active lifestyles (23). Additionally, unmanned gyms provide a practical solution to increasing urban density, using compact and efficiently designed spaces to promote regular exercise without requiring large dedicated fitness areas.



4.2 Optimizing accessibility and urban fitness participation rates

Accessibility remains a critical determinant of fitness participation. Studies indicate that factors such as proximity to fitness facilities, transportation accessibility, and operating hours directly impact individuals' willingness to engage in exercise (24). Unmanned gyms strategically located in mid-to-high-rise residential areas optimize service efficiency, reducing both time and financial barriers to fitness, particularly for busy professionals and low-income populations (25). However, disparities persist, as high-quality fitness resources are often concentrated in affluent communities, whereas proximity to workplaces and commercial zones can mitigate sedentary behavior and increase participation in physical activity (26). By offering 24/7 access at lower operational costs, unmanned gyms bridge gaps in health resource distribution and contribute to social inclusion. Studies highlight that their flexible operating hours facilitate community interaction, improve social cohesion, and create an inclusive environment that encourages diverse participation (27). Moreover, integrating these gyms into mixed-use developments and commercial districts can attract diverse user groups, strengthening urban fitness networks and reinforcing a culture of health-conscious urban living.




5 Time flexibility


5.1 Benefits of morning exercise

Morning workouts are appealing to many urban working people because of its ability to start the day in a positive way. Early in the morning, when most people are still sleeping, a workout such as a gym session not only brings a sense of accomplishment, but also sets a positive tone for the entire day. Studies have found that the endorphins secreted in the body after exercise and the satisfaction of completing a task before 9 a.m. can greatly boost self-pleasure (28). Additionally, mornings can often be the only time of day that is not occupied by work, social or family activities, so choosing to work out in the morning can help avoid the “hard to find free time” of the day. According to Dr. Jagim of the Mayo Clinic, the sense of freedom and flexibility that comes with a morning workout not only reduces stress, but also helps to improve overall health (29). After a night of energy consumption, the body's glycogen reserves have been depleted, this time to exercise can be greater use of fat for energy supply, may be more helpful for fat loss.



5.2 Advantages of night-time fitness and health outcome analysis

The fast-paced lifestyle of modern urban workers, characterized by long hours of high-pressure work, significantly reduces physical activity levels (30), leading to health issues such as obesity (31). Evidence-based medical research indicates that periodic and systematic exercise can improve the sleep-wake cycle and metabolic homeostasis by regulating the expression of biological clock genes (32). Research based on Information Structure Modeling (ISM) and Complex Data Analysis (CoDA) suggests that physical activity effectively reduces psychological stress and enhances mental health (33). Exercise interventions are considered an effective non-pharmacological method for improving sleep quality and mental health in patients with chronic insomnia (34). Exercise at different times of day has varying effects on weight control and metabolism (35), and evening aerobic exercise significantly improves blood pressure and heart rate recovery in hypertensive patients (36). While some studies suggest that the time of exercise has little impact on sleep quality (37, 38), other studies highlight that exercise can help adjust sleep structure and improve immune and nervous system function (39). Therefore, night-time exercise may have positive effects on health. Unmanned gyms, by offering flexible time options, make night-time fitness possible, meeting the fitness needs of night-shift workers, and becoming an important part of the urban night-time economy (40).




6 Future development


6.1 Operational model optimization and data-driven decision making

Unmanned gyms can be optimized through data-driven decision-making systems that integrate urban planning, environmental features, and user behavior data. Intelligent management systems enhance resource utilization and optimize spatial layout to improve accessibility and space efficiency. For instance, pedestrian heat maps can be used to reduce congestion within gyms, enhancing the overall user experience (41, 42). Awais (2024) demonstrated that AI-driven dynamic pricing models can adjust membership fees based on real-time demand, improving off-peak usage rates (43). These models not only balance operational workload but also provide more cost-effective choices for users, boosting satisfaction. Moreover, the integration of smart mirrors and wearable devices allows users to receive real-time feedback, further customizing their workout plans. A case study showed that users utilizing AI feedback systems had significantly higher workout frequencies compared to traditional gym users (44).



6.2 Revenue model innovation and consumer behavior analysis

Revenue model innovation in unmanned gyms is seen in three key areas. First, dynamic membership pricing uses reinforcement learning models to adjust fees based on user demand and equipment usage, effectively increasing off-peak usage rates (45). Second, innovation in data monetization pathways involves partnerships with health insurance companies, linking real-time user activity data to premium discounts. This not only generates additional revenue for gyms but also strengthens user engagement (46). Third, value-added services like 3D posture scans and AI nutrition plans cater to users' demands for personalized fitness and health management, while providing significant non-membership revenue. This diversified revenue structure offers new commercialization paths for the fitness industry and enhances the user experience (46).

Consumer motivations for adopting unmanned gyms are multi-layered, with time flexibility and privacy needs being core drivers, especially among younger demographics. Most users view “avoiding peak hours” and “no human trainer intervention” as key decision-making factors, which align closely with the autonomy needs outlined in self-determination theory (SDT) (47). Gender differences are apparent, with more than half of female users preferring computer-vision-based posture correction services, while male users tend to favor strength training metrics like barbell speed tracking. Despite these preferences, the Technology Acceptance Model (TAM) shows that some potential users are skeptical about AI replacing human trainers, particularly in preventing injuries during complex movements (such as CrossFit high-intensity training), highlighting the importance of perceived usefulness and ease of use in user decisions (48, 49).



6.3 Technological breakthroughs and ethical considerations

Unmanned gyms have achieved three key technological breakthroughs: First, edge computing technology processes most data locally, reducing reliance on cloud computing and bandwidth costs, crucial for real-time tracking and emergency alerts. Second, decentralized data storage technologies significantly lower the risk of privacy breaches by minimizing data sharing across gyms (50, 51). Third, the introduction of smart contracts allows for the automated execution of membership agreements, reducing operational disputes and costs (46). However, ethical concerns remain, especially regarding inclusivity and transparency. Research shows that current exercise algorithms can only accurately identify a limited number of wheelchair users, exposing a lack of inclusivity in design (52). Furthermore, many users are unaware of how their biometric data is monetized, raising concerns over data usage transparency. Moving forward, stronger data privacy protections and inclusive design must be prioritized to ensure that all users can equally benefit from the technological innovations of unmanned gyms.



6.4 Regulatory framework and policy implications

Currently, there are significant regional differences in the regulatory frameworks governing unmanned gyms. The European Union's Artificial Intelligence Liability Directive mandates that high-risk AI systems must include error traceability modules; for example, motion recognition algorithms are required to maintain decision logs (53). In contrast, China's Guidelines for Unmanned Business Management primarily focus on physical safety standards, while data governance provisions still need further refinement (54). To foster the healthy development of unmanned gyms, a dual-track regulatory system is recommended. First, the implementation of ISO 42001-certified AI audit protocols should be enforced to ensure algorithm transparency and monitor bias rates. Second, referring to Japan's assistive device subsidy policies, VAT exemptions should be granted to companies engaged in the development of accessible equipment, a practice that has already proven effective in increasing equipment adoption rates (55).



6.5 Challenges and future research directions

Despite the vast potential of unmanned gyms, three core challenges remain. First, the long-term feasibility of artificial intelligence and Internet of Things (IoT) systems requires substantial research and development investment. Second, real-time injury prevention mechanisms, particularly in complex exercises such as CrossFit, need further refinement. Lastly, enhancing user retention and maintaining engagement through gamification and social features is crucial for the long-term success of unmanned gyms. Future research should employ a mixed-methods approach to strengthen empirical analysis. Longitudinal studies could track users' long-term behavior, while ethnographic analysis could identify cultural barriers to gamification adoption in different regions. Moreover, policy simulation studies can evaluate the impact of regulatory changes on market dynamics, providing valuable data support for government and industry decision-makers.




7 Conclusion

As an innovative service model within the fitness industry, unmanned gyms have demonstrated significant market potential and play a crucial role in addressing the diverse fitness needs of urban residents, optimizing operational costs, and enhancing user experience (Figure 1). Through intelligent equipment and personalized training systems, unmanned gyms not only alleviate the time and space limitations faced by traditional gyms but also break the constraints of high costs and fixed schedules. However, despite the unprecedented advantages offered by technological innovations, ethical issues such as data privacy and inclusive design still require further attention. Furthermore, the current regulatory frameworks are not yet harmonized globally, necessitating cross-national cooperation among policymakers to establish unified regulatory standards that will ensure the sustainable development of the industry. Future research should focus on the long-term impact of unmanned gyms on urban health, explore ways to overcome existing technological and social barriers, and develop more effective mechanisms for user retention and social inclusivity.This study integrates literature on the technical architecture of the fitness industry and user behavior analysis, offering the first systematic exploration of unmanned gyms, revealing their social benefits and potential challenges. Although it fills a research gap, it is limited by insufficient literature in the emerging field, with current conclusions mainly relying on cross-sectional data and lacking longitudinal tracking and multi-center cohort studies. Future research should focus on long-term tracking to uncover the mechanisms of user retention, and interdisciplinary collaboration should be pursued to analyze the interactions between technology and social factors, providing a solid scientific basis and policy support for the sustainable development of urban fitness ecosystems.
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FIGURE 1
Overview of unmanned gyms: this diagram integrates the internet of things (IoT) and artificial intelligence (AI) technologies to provide flexible and personalized fitness solutions available 24/7. The figure highlights the main advantages, innovative business models, challenges, and future development directions of unmanned gyms.
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