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("ABSTRACT )
One of the primary global health issues that are still affecting the world today is physical inactivity, which is one of the main contributors
to many lifestyle-related diseases like heart disease, obesity, diabetes, and joint problems. Sedentary behaviours are becoming
increasingly prevalent, and people who live with physical or sensory limitations have limited access to a program that provides an
organized structure to engage in physical activity. We need innovative, inclusive, and technology-enabled interventions. This paper
presents an Al virtual fitness personal trainer that integrates computer vision, pose estimation, and multilingual voice output
components to provide safe, effective, and independent opportunities for physical activity. The virtual fitness trainer utilizes deep-
learning models that can estimate posture and form, while a Natural Language Processing (NLP)-enabled voice module provides real-
time, multilingual instruction, coaching, and motivational feedback. The proposed discovery includes a web-based exercise platform that
mitigates the need for advanced sensor-based or hardware-specific exercise technologies and can be accessible to users virtually
anywhere on a web-enabled device. Computational experimentation validated that recognition accuracy, activity engagement, and
inclusivity all improved over prior models. This research will begin to push the boundaries of equitable access to digital health technology
by merging artificial intelligence, human-centric design thinking, inclusive ideology, and socially conscious and meaningful scale and
adaptability in wellness design.

Keywords:
Artificial Intelligence, Virtual Fitness Trainer, Pose Estimation, Multilingual Voice Assistant, Digital Health, Accessibility, Web-Based
\_Fitness Applications. _

1] Introduction

(a) Background and Motivation

During the previous 20 years, the combined effects of digitalization and an increase in sedentary lifestyles
have led to dramatic reductions in our daily physical activity levels.

The World Health Organization (WHO) identifies approximately 1 in 4 adults across the globe not meeting
recommended physical activity levels (World Health Organization, 2024). The implications of inactivity
can impact both physical and mental health, emotional well-being, and productivity. In fact, sedentary
behaviour can lead to increased anxiety, depression, and cardiovascular risk. To make that worse, remote
work and online learning, a response to pandemic lifestyles, have operationalized decreased activity for
more individuals than ever before.

The fitness technology space has provided advancements as a result of smart watches, fitness bands, and
better at-home gym equipment, but the cost of entry, technology access, and the design of products that do
not use inclusive design practices still leave many people out. Additionally, many existing ideas rely on
visual stimuli or input modalities to create and perform exercises, which is problematic for people who are
visually impaired or who use auditory interaction.

Simultaneously, the demand for intelligent, adaptive as well as interactive fitness systems capable of
replicating the motivational and corrective functions of human trainers has increased significantly. The
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fields like Artificial Intelligence (AI) and Computer Vision (CV) have emerged as promising technologies for
achieving this objective, enabling machines to observe, interpret as well as evaluate human movements
with increasing accuracy (Zheng et al,, 2023). When combined with NLP and speech synthesis, the software
give real time guidance, feedback and encouragement, thus making an exercise routine at home not only
more involving but also interactive.

Recent developments in the field of wearable sensing technologies, Edge Computing and Deep Learning
contributed to enhancement of real-time performance of such system.

This allows tracking of the body movements with high on devices with reduced computational capacities.
Edge based data processing reduces dependence on cloud infrastructure, leading to quicker response times
while improving user privacy and data security. Moreover, the access to extensive datasets and the
progress in sophisticated computer vision frameworks have greatly improved Al models’ capacity to detect
intricate human actions and pinpoint improper exercise positions. Consequently, contemporary Al driven
fitness coaching systems can provide customized suggestions suited to personal abilities, physical
restrictions and fitness objectives, fostering safer, more inclusive and more efficient exercise methods.

(b) The Need for Inclusivity in Fitness Technology

Accessibility is a primary concern in the digital health movement. Lai, B., et al. (2019) found that the
majority of fitness apps are designed with little or no consideration of users who are blind because they
typically do not contain any audio interaction and do not use screen reader integration or at least minimal
screen reader integration. Similar to accessibility in the scope of vision, accessibility in the language is also
overlooked, especially if an app is designed for fitness app users worldwide, as many of the users are
English-speaking, rendering the app impractical in multilingual settings. This is important to consider,
especially in a nation like India, which has a high linguistic diversity. An app that only offers an interface in
English promotes a misalignment both culturally and communicatively. A voice assistant that is
multilingual and uses Natural Language Processing (NLP) would provide users a connection in their
language and potentially promote localized motivation, emotional connections, and conversation. A voice
assistant increases usability and enables adherence, as technology that seems to be owned and empathetic
to the user (Milne-Ives et al. 2020, Nelson 2024).

Furthermore, in addition to the lens of language and vision accessibility, the intended area of research will
be helping to reduce cost barriers and respect user data privacy. Much of the previously mentioned
solutions primarily consist of high-end wearables, i.e.,, Apple Watch or Fitbit, which limit access for low-
resource settings (Velykoivanenko et al. 2021). The anticipated study will promote increased access and
democratize participation in fitness by utilizing a camera-based voice assistant system that is hardware-
independent.

A further aspect of inclusivity in fitness technology is the need to accommodate users with varying physical
abilities, age groups and digital literacy levels. Many existing fitness applications assume that the users are
physically able to perform standardized exercises and can easily navigate complex interfaces which include
older adults, beginners and individuals with temporary or permanent disabilities. An inclusive fitness
platform should therefore provide adaptive workout recommendations, adjustable exercises intensity and
clear multimodal guidance through voice, visual and textual feedback.

A further aspect of inclusivity in fitness technology is the need to accommodate users with varying physical
abilities, ages, and levels of digital literacy. Several fitness apps now assume that their users can manage
standard exercises and complex interfaces with ease, thus alienating older adults, novices and those with
temporary or permanent physical disabilities.

A good fitness app would recognize individual preferences, offer a range of options to choose from and
provide audio-visual and verbal cues to guide users through the exercises. A voice assistant with an inbuilt
camera can help achieve these goals, by tracking movements, offering advice on form and adjusting the
level of intensity based on the user’s fitness needs and physical limitations. The result is an improved user
experience, increased safety and better results from fitness activities.

Finally, emphasizing accessibility, affordability, personalization and inclusivity allow digital fitness
solutions to benefit a broader population, irrespective of language, socio economic background, physical
ability or levels of technical expertise.

(c) Challenges in Current Fitness Technologies

Despite of the widespread availability of fitness solutions, the majority mainly focus on the quantitative
metrics like steps-count and calories consumed rather than delivering qualitative assessments of posture
and exercise performance (Lang et al., 2022). Friedrich et al., emphasized that corrective and motivational
feedback on exercise techniques is essential for successful rehabilitation and sustained engagement in
physical activities. However, most commercially available fitness applications still prioritize performance
tracking, over assisting users in marinating proper movement patterns and exercise form (Zadro et al,,
2019; Abramowica et al.,2018).
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Moreover, several performance monitoring systems use wearable devices equipped with accelerometers
and gyroscopes to measure user movement. Although these sensors effectively recognize physical activity,
they are associated with many limitations. These drawbacks include higher costs associated with their
implementation as well as limited capabilities to identify the quality of performance and calibration needs.
In contract, the use of the camera-based motion capture systems is more advantageous as they provide a
more detailed assessment of body positions and movements thought they may be affected by the lighting
conditions, occlusion, and camera placement.

Another limitation associated with current technology is the ethical issues raised, due to the ability of
such software to access private information like medical records that could be misused by unauthorized
users. One solution to this challenge can be seen in the implementation of on device processing which
ensures that the user’s personal information is protected and processed privately.

By processing the data on the user’s device instead of sending it to the cloud, one can both make the
information significantly safer and give people more control over their private health data. By keeping the
medical information locally, either on the users’ smartphones or in the local server of the medical
institutions, one can both increase the level of data confidentiality and decrease the amount of data that
needs to be stored on the external servers. Such an option will also make the information both harder to
access and reduce the chances of a successful data breach, which will help in satisfying the privacy
regulations and addressing the users’ privacy concerns.

Through processing the data on the user’s device instead of uploading it on other servers, the system
significantly lowers the possibility of data breaches and allows individuals to have more control over their
electronic health records. Be keeping the information local, the data remains confidential. It is not stored
on other devices and secure from cyber-attacks. This strategy will ensure compliance with new privacy
policy which increases trust in the tool among people. This makes it more likely that they will embrace the
new technology while maintaining a balance between an individual experience and responsibility for
personal data (velykoivanenko et al.,, 2021)

Many fitness monitoring systems make use of body attached sensors to monitor physical activities. Such
systems often necessitate additional hardware, calibration and use. Additionally, such systems cannot
evaluate posture or form effectively leading to potentially erroneous recommendations. Camera based
monitoring systems can evaluate body movements effectively through their efficacy may be reduced due
to factors such as camera positioning, lighting conditions, cluttered backgrounds, occlusion etc that may
reduce the accuracy of pose estimation in practical scenarios.

Another significant downside is the lack of personalization that is provided by several fitness apps. The
majority of them have standard programs and give almost the same advice or guidelines regardless of age,
level of experience, current fitness or health issues. A generalized approach may reduce the motivation of
the user and does not sufficiently address the requirements of the individuals who require tailored exercise
support especially for the beginners and people with disabilities. In addition, several fitness applications
offer restricted multiple language support which may create accessibility hindrances for users who belong
to different linguistic and cultural communities.

Also as discussed earlier, privacy is a major concern as fitness systems increasingly use cameras and

microphones to observe as well as analyse user activities. The collection, processing and storage of visual
data, voice recordings and biometric information poses a few ethical, cybersecurity and privacy challenges.
The use of such technology may be limited by the public’s lack of understanding about how their personal
information is collected, stored and processed by such systems. The current system tackles the issue by
focusing on local processing and applying federated learning concepts to allow for the execution of multiple
processes at the customer’s end while minimizing the need for data transmission. This decreases the
exposure and addresses some ethical issues related to the use of intelligent fitness technology by
prompting secure and responsible use.
Privacy is also a major concern, as fitness and rehabilitation systems start to use cameras and microphones
to tract and analyse the behaviour of the user. The storage of visual data, video recordings, voice
information and biometrics raises ethical, privacy and cybersecurity issues. If individuals are not confident
that their personal data is collected, stored, processed and shared securely and legitimately, they will be
reluctant to embrace such system. The proposed solution ensures that sensitive information is processed
locally, while still benefiting from federation learning for those cases, where it is possible. It minimizes the
amount of personal data that needs to be processes externally, thus enhancing the privacy and security of
the individuals while still enabling intelligent fitness devices to perform reliably in real-time.

(d) Research Aim and Contributions

The primary aim of this study is to design and evaluate a Next-Generation Virtual Fitness Trainer. It refers
to web-based application, which facilitates physical activity by estimating and monitoring the exercises
through voice-assistant. The current research has several implications for the field of digital health and
accessibility. Firstly, the application introduces an innovative framework that ensures inclusiveness by
incorporating computer vison-based pose estimation and NLP-based voice commands to provide adaptable

Vol.6, No.13s, 2026 499


http://www.svedbergopen.com/ijaiml

www.svedbergopen.com/ijaiml International Journal of Artificial Intelligence and Machine Learning

and personalized exercise coaching. Secondly, the designed solution offers multilingual voice notifications,
which allow the users to interact with the software in their preferred language. Thirdly, the developed
system will be based on a low-cost and hardware-independent framework that can be compatible with
various devices and network platforms. Lastly, the current study will provide empirical evidence on the
effectiveness of the designed solution in terms of exercising adherence, motivation, and accessibility.
Overall, the anticipated results of the research will confirm the potentiality of the proposed design in
promoting an affordable and intelligent fitness trainer for people with different requirements.

The proposed word addresses the necessity of Al based fitness platform that will offer a convenient and
simple to-access tool for individuals with diverse requirements. It will meet the needs of individuals with
different levels of physical activity, digital literacy, language and address their varying levels of
convenience. The proposed design also allows for expansion and the addition of further functions such as
the use of wearable and could-based fitness services. This concept can be integrated into multiple settings
including school, academic, rehabilitation and community-based fitness programs. As such, the described
solution can serve as a practical and affordable tool for promoting physical activity, which will ultimately
increase participation rates. By incorporating real-time pose estimation, voice-activated interaction and
accessibility-friendly design decisions, the proposed virtual fitness trainer will address the concerns of
involvement, inclusivity and convenience.

Overall, present work contributes to the development of intelligent digital health solutions and provides a
strong foundation for future work on Al-powered fitness systems that encourage healthy lifestyles and
equal access to fitness technology for all users.

2] Literature Review

(a) Evolution of Digital Fitness Solutions

The digital fitness industry has grown very fast and very deep. In the 1990s, during the period of less
complex and early forms, users had to depend on manual recordings of their activities, simple pedometers,
and basic heart rate monitors (Maheedhar et al. 2016). The smartphone factory represented the first
innovation and revolution in the digital fitness market because accelerometers and GPS started supporting
the tracking of physical movements in a fully automated and smooth manner. However, in the race to track
physical activity, (Tong, Huong Ly et al. 2024) determined that engagement was even further improved
with mobile applications that provided real-time feedback versus just tracking a physical activity through
another static source.

Wearable devices like Fitbit and Apple Watch have provided the next wave in the digital fitness continuum
to create an integrated measurement of biometric heart rate, blood oxygen and more gamification
opportunities to engage users in physical activities.

Velykoivanenko et al. (2021) described ways in which these systems also created new issues with the
potential for breaches of privacy, data commercialization, and financial barriers. Use of proprietary
hardware continues to perpetuate the technology barrier for widespread adoption.

Recently, Al and computer vision have emerged as an alternative and innovative solution that is not reliant
on sensors, using visual references to utilize our understanding of what images mean. Pose estimation
models can incorporate associated data to analyse if/when a user was in a human posture, unlike previous
iterations (Chen et al. 2020). The rise of these types of systems has nurtured new developments in digital
fitness coaching for tele-coaching as well as corrective movements.

Further, integrating Al based CV techniques creates new horizons for delivering intelligent and
individualized assistance. As compared to traditional solutions which were dependent on wearable sensors
or dedicated equipment’s, camera base system enables the users to perform exercises in much familiar
surroundings with limited preparation or additional hardware. Such systems can find incorrect moves,
tract exercise performance and provide corrective feedback online. This helps in supporting safer and more
effective workouts. Al models analyse complex patterns of human movement can also promote precise
evaluation of an individual’s physical condition. With new technological developments, these approaches
have the potential to support more accessible healthcare and fitness services. Therefore, ethical
considerations should be integral part of the design, deployment of Al and development of fitness and
rehabilitation system.

(b) Al and Computer Vision Approaches

The application of Al in fitness tracking began with rudimentary motion-detection systems and progressed
to deep learning-based configurations that understand the dynamics of the body. Open Pose and Blaze Pose
were leaders in pose estimation, capable of precise real-time measurements via 2D input images. Chen and
colleagues demonstrated that convolutional neural network-based pose estimation systems outperformed
traditional feature extractors, even in complex, unexpected human motion patterns (Chen et al. 2020).
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Previously, systems that relied on 2D image input were limited by considerations of on-board hardware
use; however, recent work by Munea and Chen (Munea et al. 2020, Chen et al. 2023) introduced lightweight
architectures for edge computing purposes, which are capable of pose estimation on mobile systems
without GPUs. In addition, Eichner and Ferrari presented cascaded regression approaches to estimate
human pose by using a coarse-to-fine methodology, which inspired our work here in adaptive error
correction (Eichner et al. 2012), to optimize the potential of the data-responsive feedback process.

Aguilar-Ortega et al. point out that Al-based motion tracking is not restricted to fitness only but has deep
reflects for healthcare, gait analysis, and physiotherapy as far-reaching implications (Aguilar-Ortega et al.
2025). Al's ability to detect subtle changes in posture and recognize patterns, even at a pre-symptomatic
stage of a musculoskeletal disorder, is an additional consideration for Al's eventual application as a
preventive and rehabilitative tool, which observation may support.

In summary, the function of pose estimation serves as a basis for the proposed/analytical tool of the system
that can provide accurate, real-time feedback that can likely meet or exceed human trainer expectancy in
accuracy and even consideration in the case of regular use.

(c) Accessibility and Multilingual Adaptation in Health Tech

While computer vision is concerned with visual comprehension, accessibility of communication, on the
other hand, relies on language and speech. Recent advances within NLP, however, have established
frameworks to support systems and applications to understand natural language and engage interactively
with humans. As evidence of the importance of conversation in engagement and motivation, the studies by
Milne (Milne-Ives et al. 2020) concluded that conversational agents in health care settings catalyse
significant engagement and motivation by mimicking human-like empathy.

However, current systems primarily serve the English-speaking user. Both the studies of Macaes et al.
(2023) and Garcia et al. (2022) documented a gap in multilingual accessibility structures for assistive
technology integration with Al for visually impaired users. The proposed model’s multilingual NLP
assistant addresses this gap by providing real-time translation, voice feedback, and cultural tone.

Furthermore, the addressing language diversity is essential for improving the accessibility and
effectiveness of Al-based assistive technologies. Many existing systems are primarily intended for only
English-speaking users, which restricts their effectiveness for individuals who depend on other languages
for communication and everyday activities. The integration of multiple language processing capability can
be incorporated to make the digital assistants more inclusive in nature as it would allow them to
communicate in their own language which is more convenient for the visually challenged. Through the
incorporation of real-time language translation, voice commands and appropriate cultural communication
techniques the current system can be improved as it would increase convenience level while offering a more
personalized experience to the user. A multi-lingual set up would therefore be more appropriate as it would
promote inclusiveness and boost the confidence level of the users which in turn would encourage more
people to adopt the technology regardless of their cultural and linguistic demographics.

Initiatives such as Government of India Men and Women of Underground Report (Nelson et al.,, 2024),
developed to support the National Digital Health Mission, have highlighted language diversity as a major
challenge in expanding the adoption of digital health services. By applying user-centered and data informed
technological principles, the proposed system addresses the technical hindrances and promotes impartial
participation in delivering multilingual healthcare services.

Along with language translation, this system uses multilingual assistant speech recognition, text to speech
conversion so as to enable the users to communicate with computers naturally via voice commands. This
helps the users to obtain health related guidance and also access digital healthcare services without need
of advanced technical knowledge.

These features are useful for visually challenged individuals, older adults and people with limited literacy
as they can interact with the healthcare services without being reliant on text based interfaces. This makes
the digital healthcare application more accessible, user friendly and convenient to use. A multilingual
assistant can further improve the effectiveness f healthcare services by supporting regional talks, locally
used medical terminology and culturally appropriate expressions. Such capabilities help in providing
information that is understandable, appropriate and relevant user’s linguistic context.

Consequently, the present system can reduce communication difficulties and reduce misunderstandings
increase confidence of user while accessing healthcare platforms. Greater confidence and ease of
interaction may encourage individuals to make more frequent use of digital health services. Integrating
language support with accessible interface design therefore contributes to more equitable healthcare
delivery. The overall objective is to develop healthcare technologies that can effectively accommodate the
linguistic, cultural and accessibility needs of diverse populations.
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This way everyone can get the healthcare they need regardless of their language. The proposed framework
makes this possible. It provides a personalized and accessible experience for the users.

(d) Summary of Research Gaps

A review of the literature identifies three major research gaps to universal adoption of Al-based fitness
technologies. First is a notable absence of accessibility, with many of the popular fitness systems currently
being designed specifically for able-bodied individuals, and ignoring individuals with visual, auditory, or
motor impairments. An exclusionary design approach limits the reach of the benefits and conveniences
organically afforded by digital health interventions, misappropriating a health resource to only a minority
of people, and excluding a substantial contingent. Second, the current solutions are encumbered by
hardware dependency, requiring expensive wearables, motion sensors, or an expensive camera to obtain
performance data.

Efforts to amend movement precision severely compromised affordability and a scalability model in low-
resource or developing contexts where the potential benefit is not afforded. Third, fitness technologies are
predominantly linguistically exclusive, as most technologies rely on English interfaces, with little or no
support for regional or multilingual interaction or other language compositions. It is the interest of the user
with a purely informational focus who is ultimately most disadvantaged without a recognizably familiar
interface. Limited engagement and disenfranchised participation follow, for example, once users are
effectively discouraged in their own cultural space of non-participation.

These research gaps highlight the need for a more inclusive, affordable, and adaptable approach to the
development of Al-based fitness technologies.

Current limitations indicate that technological progress alone is sufficient unless systems are designed with
careful attention to diverse user needs, approachability requirements and practical challenges in real world.
Future solutions should prioritize universal design principles, enabling individuals with varied physical
abilities to participate in fitness as well as rehabilitation activities without facing any additional obstacles.
Further, minimizing dependence on specialized hardware trough software based approaches can enhance
affordability and also support broader adoption across various socio economic settings. Measures that
focus on privacy aspect must also be incorporated to protect user data while providing personal guidance.
Finally, combining culturally adaptive interface with multilingual interfaces can strengthen user
engagement by allowing interacting with the system in common languages and communication styles.
Talking about these limitations will contribute to the development of complete fitness platforms that may
serve as a wider global population.

3] Proposed System

The new system delivers a fully comprehensive Al-based virtual fitness tracker for safe, efficient, and
independent workout experiences for everyone including people with visual or physical disabilities. Most
other fitness trackers and workout options rely on visual screens, inputs, sensors, wearable items, or user
interfaces that incorporate various degrees of visual feedback. The proposed system responds to these
hurdles by providing an audio-first version of the Al interaction experience that provides real-time
suggestions, duration, motivation, and corrective input via voice. The new system employs modern
computer vision, deep learning, and NLP and is designed to ensure an inclusive, responsive, and humanistic
user experience across devices and connection types. Figure 1 shows the first screen of dashboard of this
new system.

Welcome to Aura Al Fitness

Lat's get startad on yoor pernionafizad wallness joumey.

Let's Get Started

Fig. 1. Welcome Interface of Aura Al Fitness

The Al voice assistant in Figure 2 is the main interface for the user and is always ready to respond to voice
commands like "Start workout," "Pause,” "Stop," and "Next exercise.”" As soon as a command is spoken, the
system utilizes speech-to-text (STT) modules to identify the user's intention and immediately offers
feedback through text-to-speech (TTS) synthesis, which is placed within the framework of the command.

Vol.6, No.13s, 2026 502


http://www.svedbergopen.com/ijaiml

www.svedbergopen.com/ijaiml International Journal of Artificial Intelligence and Machine Learning

The voice assistant is capable of carrying on a conversation between the user and the app, allowing both to
have fluid interaction similar to a human conversation using transformer-based NLP models. Whereas
traditional voice recognition systems struggle to function properly due to accents and dialects, this voice
assistant is multilingual and has also been trained on different phonetic data sets, including Hindi, Marathi,
and English, which allows pronounce words clearly, accommodate different accents, and provide
culturally-relevant motivation and tone.

Do you need Al voice assistance to guide
you?

Fig. 2 Al Voice Assistances Election interface

Patel repeated the emphasis on multilingual NLP frameworks, adding that multilingual or polyglot
approaches can aid in the emotional and conceptual connection with users, allowing them to be collectively
engaged in the digital health system. Users can interact with the application completely hands-free and
screen-free relying instead on natural, conversational dialogue with this type of interface.

The system’s capability to adapt linguistically offers a considerable advantage while also integrating pose
estimation and computer vision techniques for real time monitoring of user movements. Using a standard
webcam, it identifies a user’s posture by detecting major skeletal joints and measuring their angular
deviations. The concept behind this application is based on the research of Eichner and Ferrari (Eichner,
M., et al. (2012)) on coarse-to-human pose estimation, together with the work of Chen (Zhu, X,, Zeng, X,, &
Ma, W. (2023)) on lightweight monocular deep-learning models designed for efficient real-time inference.
The study by Munea (Munea, T. L., et al. (2020)) further strengthened these developments by introducing
reliable motion analysis methods that operate without depth sensors or specialized hardware. Above
approaches are well suited for web based platforms and maintain high computational efficiency, even on a
mid-range devices, enabling accessible and more reliable performance for a diverse range of users.

This progress highlights the effectiveness of light weighted computer vision techniques in overcoming the
limitations of traditional sensor based systems. By reducing dependence on expensive hardware, these
solutions improve affordability, scalability and ease of deployment across a variety of real world
backgrounds. Their ability to operate efficiently on commonly available consumer devices makes them well
suited for applications including home based fitness, physical rehabilitation and remote coaching. These
technologies are particularly valuable in resource constrained settings where specialized equipment is not
accessible or financially not practical. As a result, hardware independent motion analysis represents an
important step towards developing accessible intelligent and scalable fitness and rehabilitation systems
capable of supporting users with diverse needs.

During the exercise sessions, the system continuously monitors the posture of the user, repetition count as
well as transitions between different exercise routines. At the same time, the voice assistant gives audio
feedback like “Maintain our position”, “Repetition is complete” and “Set is complete”, according to the
current performance of the user. Since eh feedback is generated from real time motion analysis, users can
quickly adjust their movements, correct their improper postures and maintain proper exercise techniques.
The system further improves safety by identifying sudden or potentially unsafe movements also. When
risky joint positions, excessive ranges of motion or unstable postures are detected, it delivers spoken
warnings such as “Warning Bell” Alert correct your position” or temporarily pauses the exercise until a sage
posture is regained. These real time monitoring and feedback features enhance both accessibility and user
safety, making the platform especially beneficial for individuals who are blind or visually impaired while
promoting a safe, effective and reliable exercise experience.

Dual engine system helps in coordination of the NLP modules and Computer Vision modules in
Architectural Framework. The pose engine detects and analyses the user's order of movements by creating
skeletal data containing the coordinates of joint displacement and movement speed. The language engine,
on the other hand, ensures the dialogue structure, tone of feedback, and pacing of the feedback are well-
coordinated. Harnessing this dual-engine architecture gives the Al system the ability to analyse a single
frame of movement, determine the movement's phase of exercise, and present an audio cue all in
milliseconds, which leads to the appearance of having a real-time coaching experience. The dual-engine
architecture is bolstered with a data management layer inspired by Kim (Velykoivanenko et al. 2021) in
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order to uphold the privacy and transparency of the user by anonymizing the user experience before each
user shares data. The user experience is not stored in raw images, but skeletal key points and motion
metrics are supported for analytics or updating the federated learning model. The model was designed
purposefully with the prioritization of user privacy to operate in ethical and transparent standards in Al by
following the guidelines of IEEE's human-cantered Al framework.

For fine-tuning and training the model, conventional datasets such as COCO, MPII, and the Human Exercise
Variability Dataset by Garcia-de-Villa (Garcia-de-Villa et. al. 2022). were used as a base, while custom
exercise videos were created in various lighting and background conditions to simulate real home workout
scenarios. The physiotherapists annotated the videos manually, marking the right and wrong body
postures. The hybrid dataset of the system was trained with the AdamW optimizer for 100 epochs, and
then it was quantized for browser execution via the techniques initially introduced by Munea and Chen.
Furthermore, the multilingual voice model was developed from a mix of ASR and TTS pre-trained modules
that were fine-tuned on Indian accent datasets to achieve maximum accuracy in recognition.

The collected video data were manually annotated by experienced physiotherapists, who carefully
identified both correct and incorrect body postures to generate accurate and reliable training labels for the
learning process. The resulting hybrid dataset was subsequently used to train the proposed model with the
AdamW optimizer over 100 training epochs. After the training phase was completed, model quantization
techniques, as described by Munea and Cehn, were applied to optimize computational efficiency and enable
smooth browser-based execution without significantly affecting prediction accuracy.

In addition, the multilingual voice interaction model was developed by integrating pre-trained automatic
speech recognition (ASR) and text-to-speech (TTS) components into a unified framework. These pre-
trained models were further fine-tuned using datasets containing Indian-accented speech to improve
speech recognition performance and deliver more natural, fluent and user-friendly voice interactions.

By allowing users to interact with the system in well-known languages and regional speech patterns, this
integrated approach facilitates accessible and customised feedback which promotes inclusivity, usability
and the general user experience for individuals from a variety of linguistic, demographic and cultural
backgrounds. By allowing users to interact with the system in well-known languages and regional speech
patterns, this integrated approach promotes accessible and customised feedback, enhancing usability,
inclusivity, and the general user experience for individuals from a variety of linguistic, cultural, and
demographic backgrounds.

In contrast to traditional wearable devices that mainly monitor numerical health indicators like heart rate,
calories burned and step count. The proposed system can assess exercise posture and movement quality in
a way that closely resembles the guidance provided by a human trainer. Research by Friedrich and Zadro
also highlights that appropriate and motivation awareness are essential factors affecting devotion to
physiotherapy programs and achieving effective rehabilitation results.

The outcomes of the research by Zadro and Friedrich also emphasize nthose positive recovery outcomes.
Concluding from these insights, the proposed voice assistant combines corrective instructions with
motivational encouragement to provide more supportive and interactive experience from user’s point of
view. Client-side pose estimation is achieved through TensorFlow,js.

Figure 3. Presents the workflow of the proposed voice controlled exercise assistant system. The workflow
begins when the user gives the command such like “Start the work out”, or “Let’s Begin”. This spoken
command is processed by STT module i.e. Speech-To-Text Module, which converts the audio input to
textual form with high level of accuracy. In the queue this generated text is processed by Natural Language
Processing module to find the user’s intended action through IR (Intent Recognition) techniques.
Depending on the identified intent, the command classification module categorizes the request a workout
control or assistance related command. The command related to guidance or safety are forwarded to the
form and safety checks modules which further check the user’s posture and conditions. Then accordingly
feedback is generated by the Chatbots and is delivered to TTS. The workflow concludes when the exercise
is successfully completed, giving hands-free and user-friendly experience.

In accordance to its functional capabilities, the system is designed with ethical and accessibility principles.
It supports the principle of technology for social good and adds to United Nations Sustainable Development
Goal (SDG 3). This is possible as the hardware requirements and support of local languages is reduced,
thereby making the exercise guidance more accessible.

The proposed system gives a approach which can be termed as holistic approach to digital wellness as it
combines inclusiveness, precision and empathy. This makes the fitness technology genuinely human
centric. It combines the advanced computational capabilities with the designs which focus on the user so
as to give an accessible, personalized and engaging fitness experience for the user from miscellaneous
backgrounds. Present framework sets a strong base for the future development of health and wellness
technologies.
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Fig. 3. System Architecture Flowchart of the Proposed Model

To conclude, present proposed virtual trainer is also an innovative health technology solution that is
designed to benefit the users all over the world. It integrated deep learning based estimation of the pose
with emotion based voice interaction and metalinguistic approach. This helps to create a hands free and
immersive fitness experience. The system also established a strong base for intelligent health care solutions
as it promotes privacy conscious design along with inclusivity and convenience.

The proposed method also helps in bridging the gap between automated technology and personal wellness.
This is done by establishing a robust platform for health and fitness applications. The accessibility of the
same helps the individuals with different physical abilities and different levels of technological access and
language variations to uniformly participate in exercise or fitness programs without any hindrances. Also,
the merger of privacy preserving system improves user’s confidence as the data is secured and handled
with complete confidentiality related to personal information, biometric information along with body
movement patterns throughout the session.

Prioritization of features like fairness, empowerment and user-based innovation along with ethical
technological development, leads to representation of a significant advancement towards the future of
digital fitness. Further, sophisticated technological systems can also help in encouraging better and
healthier lifestyle across populations while maintaining the autonomy of the user and protecting privacy
issues.

Likewise, the present framework of the system shows how emerging technologies can help in improving
the fitness acts by preparing Expert Level exercise supervision available beyond clinical environments and
marketable fitness hubs. As the technology advances, there are improvements in accuracy, metalinguistic
approach and adaptive learning ways including the interface design. These advancements thus contribute
to preventive health care and long term wellness management. IT also promotes greater participation in
fitness programs. Overall, the present proposed work highlights the role of responsible and ethical
technological development in improving health outcomes, increasing user engagement and addressing
several physical, technological needs of present world users along with maintaining privacy.

4] Result And Discussion

The work proposed titled as Next-Generation Virtual Fitness Trainer was evaluated through testing
involving thirty participants representing the intended user groups. The masses involved in this group are
between the age group of 18 to 50 years and include people with visual impairment allowing the study to
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assess both overall system performances. The evaluation produced is encouraging quantitative results.
Also the voice recognition module achieved the accuracy of 90.4 percent across different voice commands.
Also Pose estimation components recorded an accuracy of 87.60 percent under favourable lightning
conditions. During the two week evaluation period, participants demonstrated a 27 percent increase in
engagement and reported a 35 percent improvement in overall satisfaction n comparison to conventional
mobile fitness applications. These results indicate that the system performs effectively from a technical
point of view. Also it provides an interactive and personalized feedback that also helps the users remain
motivated throughout their exercise sessions.

When associated with earlier fitness systems such as Trainer and Stay Fit, which rely heavily on wearable
sensors and controlled environments, the proposed framework provides greater flexibility and usability in
everyday settings. Unlike Lift, which primarily focuses on benchmark performance and complex data
processing, the proposed system emphasizes real-time adaptability, accessibility, and inclusive design.
Consequently, it is more suitable for practical daily use by individuals with different physical abilities and
levels of technological experience. The findings are also consistent with previous studies by Lambert et al.
and Friedrich et al,, which highlighted personalized and real-time feedback as important factors influencing
user motivation, adherence, and long-term participation in physical activity. Furthermore, the multilingual
capability extends the usability of the platform beyond monolingual fitness applications, enabling users
from diverse cultural and linguistic backgrounds to better understand and engage with health-related
guidance.

Fig. 4 User Dashboard Displaying Fitness metrics

The qualitative feedback supported the findings and indicated that high levels of users are satisfied with
the overall functionality of the program. The keen participant particularly appreciated the hands free
interaction along with the context sensitive motivational responses added with personal voice feedback
communication as illustrated in Figure 4. Users with visual impairment reported that the system improved
their confidence level and independence during the exercise program. They indicated that quick voice
prompts and proper feedback helped them to swiftly perform their workouts and continue smoothly
without requiring continuous external assistance as presented in Figure 5. These findings support previous
research by Aguilar and Macaes who emphasized on accessible design combined with natural and
responsive interaction can improve the trust of the user and make them involve emotionally and accept the
technology.

Fig. 5 Al Generated Calorie trend Chart
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Beyond its technical performance, the proposed system provides considerable social value by promoting
equitable access to digital fitness technologies. It offers an affordable and accessible fitness solution that
can support individuals with different physical abilities and economic backgrounds. Rather than restricting
advanced fitness facilities to users who can afford specialized equipment or professional trainers, the
platform enables a wider population to participate in healthy lifestyle activities through digital exercise
guidance, as shown in Figure 6. In addition to supporting physical fitness, the system encourages continued
participation through positive reinforcement, achievement-based rewards, and inclusive design principles.
Consequently, the platform contributes to the objectives of United Nations Sustainable Development Goal
3 (Good Health and Well-being) by supporting health equity through accessible technological solutions.
Participant feedback also indicated that the fitness coach was easy to learn and operate, including for users
with limited technological experience. Many participants reported that the voice-guided instructions were
simple, clear, and easy to follow, enabling them to perform exercises with greater confidence and accuracy.
Participants also stated that personalized motivational messages encouraged them to maintain regular
exercise habits and complete their workout sessions consistently. These findings demonstrate that
simplicity and accessibility in system design can improve user satisfaction while supporting long-term
engagement. Such features are particularly valuable for individuals with disabilities because they can
reduce dependence on caregivers and promote greater independence in everyday physical activities.
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2 Oashsoad

Workout Plan

M Diet 9lan

Yoar 7-Day Workoat Plan
) Workow: Pan i
h

Wednesday: Full Body Strength

W Overhesd Press (3 5oty of 8:17)

Fig. 6 Adpive Al Generated Workout Plan Interface

Another important outcome of the study was the versatility of the system across different application
environments. The fitness coaching platform can be deployed in homes, schools, rehabilitation centres,
community fitness programs, and other healthcare settings. Since the platform requires only standard
hardware and provides real-time exercise guidance without specialized equipment, it represents a cost-
effective alternative to conventional personal training services. Future development could further
strengthen the platform by joining additional multilingual voice support, integrating wearable health-
monitoring devices, and providing personalized exercise recommendations based on users’ medical
histories and physical conditions. These enhancements could improve reliability, increase personalization,
and make the system suitable for an even broader range of users.

Overall, the result demonstrated that merging advanced computational methods with user centric design
principles can prominently help in improving the effectiveness of Digital Fitness Platform Programs. Real
time pose estimation and voice based interaction along with personal feedback helps in making the session
more engaging and supportive as the experience is far better than manual progress tracking. Throughout
the evaluation, users consistently expressed confidence in the system’s ability to offer accurate exercise
corrections and adaptive guidance without the need of continual supervision from fitness professionals.
Thus the program can serve as a practical companion for maintaining regular physical activity especially
in areas like gyms, professional trainers and rehabilitation specialists is limited. Also the successful
involvement f visually impaired participants demonstrates that using such accessibility tools helps in
collaborating the masses and encouraging them to be a part of this community.

Although the prototype performed successfully under controlled testing conditions, future research should
involve larger and more diverse participant groups, longer evaluation periods, and more challenging real-
world environments to further validate the system's effectiveness, scalability, and long-term impact on
health outcomes and more diverse participant groups, longer evaluation periods and more challenging
real-world environments to validate its robustness and scalability.

Using more sophisticated Machine Learning Models along with emotion-sensitive conversational abilities
and predictive health analytics may surely help in enhancing the efficiency of Al driven fitness applications.
These improvements can offer more tailored suggestions, adjust to user’s emotional as well as physical
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states and furnish proactive insights that promote sustained involvement in healthy habits, advocating for
healthier lifestyle options and meet the variety of community needs like intelligent systems that can
enhance health results, boost customer satisfaction and increase the acceptance of tailored digital fitness
solutions among different populations.

5] Conclusion

The research findings confirm that the Next-Gen Virtual Fitness Trainer is an exceptional adaptive Al-
powered platform that includes all types of users in fitness. This is because it combines pose estimation
along with multilingual accessibility and voice interaction into a unified adaptive Al system. The system
displayed reaction times that were very accurate and prompt for voice and movement recognition, while
at the same time, the users' opinions indicated that there were major increases in the traits of motivation,
confidence, and emotional satisfaction, among other things, which were the users' direct experiences with
the system. The system's empathetic, situational aware communication not only reinforces exercise
adherence but also includes people with different physical capabilities and languages. All the above-
mentioned outcomes together stress the system's ability to be a reliable, user-friendly, and even a fitness
assistant that would bridge the gap between the artificial intelligence domain and the human wellness one.
Conversely, the study contributes in a great way to the already broad and diverse Al for Accessibility
domain, outlining a route that is ethically responsible, technologically robust, and socially liberating. The
system, by not requiring costly wearable’s or complex sensors, paves the way for people from low-income
areas to access it. Users who face different physical and language challenges will be able to take advantage
of its real-time auditory feedback and multilingual voice interface, and those who have been historically
marginalized in the digital health application space will also be able to participate in digital fitness
activities. In addition, the system is a manifestation of the ethical Al principles as it promotes the aspects
of transparency, privacy, and inclusiveness, which are very much akin to IEEE's human-cantered design
standards.

The integration of more sophisticated technology will definitely make the future smarter and more
personalized and bring more improvements to the platform. The adoption of federated learning is going to
permit the creation of separate models for every individual user, while at the same time the privacy of user
data will be assured. The Al assistant will have the capacity to identify feelings and therefore it will be able
to adjust the motivating tone and intensity in real-time, thereby making the fitness experience more
understanding and psychologically informed. In addition to that, the combination with the AR/VR will
change home workouts into more engaging ones, while 3D pose tracking will lead to more precise
biomechanics, especially in the case of rehabilitation and clinical applications. Current work goes beyond
merely aiming for greater inclusivity and cognitive ease; instead, it envisions a future where Al-driven
fitness settings can remove various barriers which include physical, economic and linguistic challenge. This
provides each individual with access to quality health, assurance and lasting wellness by using intelligent
and easy to use technology.

References

1. World Health Organization. (2024). Physical inactivity: A global public health problem.
https://www.who.int/news-room/fact-sheets/detail /physical-activity

2. Zheng, E. L. (2023). Interpreting fitness: Self-tracking with fitness apps through a post
phenomenology lens. Al & Society, 38(6), 2255-2266. https://doi.org/10.1007/s00146-022-
01518-7

3. Tong, H. L., et al. (2024). The use of mobile technologies to promote physical activity and reduce
sedentary behaviours in the Middle East and North Africa region: Systematic review and meta-
analysis. Journal of Medical Internet Research, 26(1), e53651. https://doi.org/10.2196/53651

4. Lai, B, etal. (2019). A mobile app to promote adapted exercise and social networking for people
with physical disabilities: Usability study. JMIR Formative Research, 3(1), e11689.
https://doi.org/10.2196/11689

5. Velykoivanenko, L., et al. (2021). Are those steps worth your privacy? Fitness-tracker users'
perceptions of privacy and utility. Proceedings of the ACM on Interactive, Mobile, Wearable and
Ubiquitous Technologies, 5(4), 1-41. https://doi.org/10.1145/3494963

6. Lang, S, etal. (2022). Do digital interventions increase adherence to home exercise rehabilitation?
A systematic review of randomised controlled trials. Archives of Physiotherapy, 12(1), Article 24.
https://doi.org/10.1186/s40945-022-00144-z

7.  Zadro, ], O'Keeffe, M., & Maher, C. (2019). Do physical therapists follow evidence-based guidelines
when managing musculoskeletal conditions? Systematic review. BM] Open, 9(10), e032329.
https://doi.org/10.1136/bmjopen-2019-032329

Vol.6, No.13s, 2026 508


http://www.svedbergopen.com/ijaiml
https://www.who.int/news-room/fact-sheets/detail/physical-activity
https://doi.org/10.2196/53651
https://doi.org/10.2196/11689
https://doi.org/10.1136/bmjopen-2019-032329

www.svedbergopen.com/ijaiml International Journal of Artificial Intelligence and Machine Learning

10.

11.

12.

13.

14.
15.

16.

17.

18.

19.
20.

21.

22.

23.

24.

Abramowitz, M. K,, et al. (2018). Muscle mass, BMI, and mortality among adults in the United States:
A population-based cohort study. PLOS ONE, 13(4), e0194697.
https://doi.org/10.1371/journal.pone.0194697

Chen, Y, Tian, Y.,, & He, M. (2020). Monocular human pose estimation: A survey of deep learning-
based methods. Computer Vision and Image Understanding, 192, 102897.
https://doi.org/10.1016/j.cviu.2019.102897

Milne-Ives, M., et al. (2020). The effectiveness of artificial intelligence conversational agents in
health care: Systematic review. Journal of Medical Internet Research, 22(10), e20346.
https://doi.org/10.2196 /20346

Macaes, |., et al. (2023). Computer vision for accessible intelligent rehabilitation: An overview. In
International Conference on Hybrid Intelligent Systems. Springer Nature Switzerland.
Garcia-de-Villa, S., Jiménez-Martin, A., & Garcia-Dominguez, ]. J. (2022). A database of physical
therapy exercises with variability of execution collected by wearable sensors. Scientific Data, 9(1),
Article 266. https://doi.org/10.1038/s41597-022-01347-4

Maheedhar, M., et al. (2016). StayFit: A wearable application for ggym-based power training. In 2016
38th Annual International Conference of the IEEE Engineering in Medicine and Biology Society
(EMBC) (pp. xxx-xxx). IEEE.

Saleem, S., & Nunes, J. (2023). TrainERAI-Live Gym Tracker using Artificial Intelligence.

Munea, T. L, et al. (2020). The progress of human pose estimation: A survey and taxonomy of
models applied in 2D human pose estimation. IEEE Access, 8, 133330-133348.
https://doi.org/10.1109/ACCESS.2020.3009985

Zhu, X., Zeng, X., & Ma, W. (2023). Lightweight cross-fusion network on human pose estimation for
edge device. IEEE Access, 11, 134899-134907. https://doi.org/10.1109/ACCESS.2023.3339164
Eichner, M., et al. (2012). 2D articulated human pose estimation and retrieval in (almost)
unconstrained still images. International Journal of Computer Vision, 99(2), 190-214.
https://doi.org/10.1007/s11263-012-0524-9

Aguilar-Ortega, R, et al. (2025). What does gait reveal about health? Investigating human motion
as an indicator. In International Conference on Computer Analysis of Images and Patterns. Springer
Nature Switzerland.

Nelson, J. (2024). Multilingual Al assistants and their impact on healthcare equity.

Das, R. K, etal. (2023). Sentiment analysis in multilingual context: Comparative analysis of machine
learning and hybrid deep learning models. Heliyon, 9(9), e19817.
https://doi.org/10.1016/j.heliyon.2023.e19817

Latyshev, M,, et al. (2024). Computer vision technologies for human pose estimation in exercise:
Accuracy and practicality. In Society. Integration. Education. Proceedings of the International
Scientific Conference (Vol. 2).

Pandey, S., et al. (2022). Acceptance of wearable fitness devices in developing countries: Exploring
the country and gender-specific differences. Journal of Asia Business Studies, 16(4), 676-692.
https://doi.org/10.1108/JABS-07-2020-0288

Yang, L., et al. (2021). Human exercise posture analysis based on pose estimation. In 2021 IEEE 5th
Advanced Information Technology, Electronic and Automation Control Conference (IAEAC) (Vol. 5,
pp. xxx-xxx). [EEE.

Al-Mashagbeh, A. G. (2013). Computers and e-health: Roles and new applications.

Vol.6, No.13s, 2026 509


http://www.svedbergopen.com/ijaiml
https://doi.org/10.2196/20346

