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ARTICLE INFO ABSTRACT

The synthesis of Al and yoga during the COVID-19 lockdown has created a new
paradigm for personalized wellness, emphasizing the importance of digital solutions in
sustaining mental and physical health during global crises. This review examines the
recent advancements in Al, including Machine Learning and computer vision, focusing
on Al's potential applications in yoga, such as posture alignment, personalized practice
plans, and intelligent systems that adapt to the user’s physical and psychological state.
The necessity for remote access to health-promoting activities, the ethical
considerations, and the challenges of this integration are discussed. BlazePose is an
architecture of convolutional neural networks optimized for real-time inference on
mobile devices, and it is used to recognize human poses in images. Convolutional
neural networks (CNN), pre-trained TensorFlow MoveNet model, autoencoder (SAE)
algorithms, standard RGB webcam, and long short—term Memory (LSTM) are used in
a hybrid deep learning Model that is proposed for Yoga recognition on real-time videos.
Machine learning algorithms and OpenCV technology programs can recognize and
assess users' body positions and movements during yoga practice This technology
could be transformative in addressing limitations faced by practitioners and
instructors in traditional settings, such as lack of immediate feedback and difficulty in
ensuring correct alignment and engagement in asanas. Furthermore, AI’s potential to
monitor physiological data like heart rate, breath patterns, and stress levels offers new
dimensions for cultivating mindfulness and enhancing meditation practices. It
concludes by suggesting future research by merging ancient wisdom with cutting-edge
technology, Al has the potential to expand the horizons of yoga practice and promote
holistic well-being on a larger scale.

Keywords: Artificial Intelligence, Yoga, Personalized Practice, Health Technology,
Posture Correction, Convolutional Neural Networks, COVID-19, long short—term
Memory.

1. Introduction

Yoga, a centuries-old practice rooted in Indian philosophy, is increasingly recognized for its potential to
enhance physical, mental, and spiritual well-being. In parallel, the rise of AI technologies has reshaped multiple
domains, including healthcare, fitness, and personalized wellness. The COVID-19 pandemic accentuated the
importance of remote and individualized solutions for well-being, creating a unique opportunity for Al-driven
innovations to be integrated into yoga practice (Channa et al., 2021; Chopra & Singh, 2021). The integration of
IIoT into yoga training systems presents an opportunity to make yoga practice more accessible, effective, and
safe (Pal et al., 2023).

Yoga, with its holistic focus on asanas (postures), pranayama (breathing), and dhyana (meditation), offers a
natural fit for AI applications, particularly those capable of personalizing routines and monitoring the
practitioner’s physiological responses. Studies conducted between 2019-2023 highlight how Al-based models
are capable of real-time identification and correction of yoga postures, fostering a more personalized and
evidence-based approach to yoga practice (Verma, Sharma, & Rajput, 2023). Al systems can overcome
limitations in traditional settings, such as the absence of immediate feedback from a live instructor and the
difficulty of ensuring correct alignment. The field of human pose estimation, integral to computer vision, has
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recently seen advancements in applications like sports, healthcare, and surveillance. Chamola et al. (2024)
explore how these pose estimation techniques, specifically enabled by Machine Learning and Artificial
Intelligence, can benefit Yoga practice by improving posture accuracy and providing real-time feedback to
practitioners.

2. Al Technologies in Yoga: A Review of Current Applications

2.1 Machine Learning and Posture Alignment

One of the most significant applications of Al in yoga is the use of machine learning algorithms for posture
alignment. Yoga practitioners often struggle to achieve and maintain correct alignment in their poses, which
can limit the effectiveness of their practice and lead to injury. Recent advancements in deep learning (DL) have
improved pose recognition, though these systems still face limitations in computational efficiency and key point
detection—critical for pose correction. Mohammed et al. (2022) address these gaps by proposing a
computationally lightweight architecture using BlazePose, CNN, and LSTM networks, achieving high accuracy
on standard asanas in real-time systems using computer vision, such as BlazePose and star skeleton, which is
a fast skeletonization technique (Chen et al., 2014) which can identify human poses in real-time images,
offering feedback on alignment and engagement in asanas.

Rao et al. (2024) introduced an intelligent yoga trainer application utilizing computer vision and deep learning
techniques. The system employs a pre-trained TensorFlow MoveNet model to detect key body points and assess
yoga poses accurately. The use of two model variants, "lightning" and "thunder," provides a balance between
speed and accuracy, while the incorporation of MobileNet v2 improves pose classification. Tools like the Yoga
Al Trainer utilize technologies such as TensorFlow and MovNet to analyze and monitor users’ movements,
ensuring proper alignment and reducing the risk of injury. This technological integration into yoga practice
represents a significant innovation in fitness and wellness Sujitha et al. (2023).

Fig-1: Yoga pose detection using the MoveNet model (Sujitha et al.,2023).

2.2 Hybrid Deep Learning Models for Yoga Recognition

Recent advancements in AI have introduced hybrid deep learning models that combine CNNs, autoencoders
(SAEs), and Long Short-Term Memory (LSTM) networks to recognize yoga poses in real-time videos. By
utilizing standard RGB webcams, these systems can assess a practitioner's movements and provide corrections
to optimize the practice. Lavanya et al. (2024) introduced a novel system utilizing Convolutional Neural
Networks (CNNs) and TensorFlow Movenet (Kishore et al.,2022) EpipolarPose, OpenPose, PoseNet, and
MediaPipe to address the issue of Incorrect yoga poses. Their Al-powered system offers real-time pose
detection, providing users with immediate feedback to ensure proper alignment. The system tracks 17 key body
points, offering auditory cues when a pose is correctly held. Jose and Shailesh (2021) have developed a deep
learning-based system to identify yoga postures from images or video frames. Using convolutional neural
networks (CNN) and transfer learning with a VGG16 architecture, they achieved an 82-85% prediction
accuracy. Although the system shows promise, challenges remain, particularly in video-based analysis, where
methods like 3D CNNs and LSTMs could further enhance posture recognition accuracy.
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Saurav, Gidde, and Singh (2024) explore the application of deep learning techniques for real-time yoga pose
recognition, addressing the limitations of existing compute-intensive methods in practical scenarios. They
investigate a hybrid CNN & LSTM model alongside three variations of a 3DCNN model to enhance recognition
accuracy and efficiency. The models were tested on a publicly available yoga pose database with the best-
performing model reaching 99.65%. Adeyemi (2024), highlights the potential of advanced AI-driven systems
in promoting physical wellness.

Using deep learning models such as Convolutional Neural Networks (CNNs), Dense Neural Networks (DNNs),
and Multi-Layer Perceptrons (MLPs), the research effectively classifies yoga and exercise positions, ensuring
accurate posture estimation via MoveNet. The development of an interactive web application demonstrated the
usability and potential of these technologies to improve posture, balance, and overall engagement in physical
activities among seniors. The combination of CNNs and LSTM networks is particularly useful for time-series
data, such as the continuous flow of yoga postures in vinyasa or dynamic sequences. LSTM networks, designed
to recognize patterns over time, can analyze the progression of poses and determine whether a practitioner is
transitioning correctly from one posture to another.
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Fig-2: Framework of the proposed privacy-preserving IoT-based yoga posture recognition
system (Gochoo et al., 2019).

2.3 Physiological Monitoring for Mindfulness and Meditation

Al systems can also monitor physiological parameters, including heart rate, breath patterns, and stress levels,
to enhance mindfulness and meditation practices. Machine learning algorithms can analyze this data in real-
time, allowing practitioners to adjust their breathing or posture to optimize relaxation and focus. Such data-
driven insights can support deeper states of meditation by guiding the practitioner toward more effective
techniques based on their current physiological state. (Jamil et al., 2021; Mitsea, Drigas, & Skianis, 2023)
review how smart technologies, such as Al, extended reality (XR), and brain-computer interfaces (BCIs),
revolutionize mindfulness interventions. Their study highlights the effectiveness of these technologies in
enhancing emotional, cognitive, and behavioral self-regulation across various populations.
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Fig-3: Brain-computer interface system (Jamil et al., 2021).

The study by Balconi et al. (2019) explores the effects of technology-mediated mindfulness practice on stress
reduction, emphasizing both psychophysiological and subjective self-report measures. By integrating mental
training with brain-sensing wearable devices, the study demonstrates enhanced self-regulation skills and
improved physiological markers of stress, such as vagal tone, compared to traditional mindfulness
interventions. This novel approach bridges the gap in meditation studies that often lack robust control
conditions (Pascoe et al., 2017) by employing a four-week intervention with an active control group.

2.4 Personalized Practice Plans and Real-Time Feedback

Another application of Al in yoga is the creation of personalized practice plans. By analyzing data from previous
sessions, Al algorithms can suggest individualized sequences of asanas and pranayama techniques based on
the user’s current level of flexibility, strength, and mental state. Recent research has explored AI-powered yoga
applications, which offer personalized experiences and motivation to users. Notably, Agarwal et al. (2022)
introduced an Al-based Yoga Trainer concept, which uses Al to remind, instruct, and guide users through yoga
sessions. Al-based pose estimation, such as Google's MoveNet Thunder model, offers a solution by detecting
real-time errors and guiding practitioners toward accurate postures. This innovation bridges the gap between
accessibility and correct yoga practice, helping to democratize health and wellness through technology (Goyal
& Jain, 2021).
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Fig-4: Flow chart of the proposed system architecture using deep learning techniques for
posture correction and real-time feedback (Swain et al., 2022).

The use of libraries such as MoveNet and TensorFlow has been identified as crucial in improving pose
detection, helping reduce training time, and offering real-time feedback. (Mishra et al., 2024). Studies on
virtual fitness apps highlight their convenience, yet many lack real-time, personalized feedback. Hanwari et al.
(2024) addressed this gap by creating an Al-based yoga assistant that offers real-time corrections and
suggestions via voice feedback, a unique contribution to the field of digital health and yoga accessibility.

3. Ethical Considerations and Challenges

While the integration of Al into yogic practices offers significant benefits, it also raises important ethical
concerns. In the context of rapid technological advancement, it is imperative to uphold mindfulness and ethical
considerations (Raghav & Gulia, 2023). The use of Al to track and analyze personal health data, including
physiological metrics like heart rate and stress levels, raises privacy concerns. Companies and developers must
prioritize data security and ensure that user data is handled ethically and in compliance with relevant privacy
regulations. Another challenge is the potential for AI systems to depersonalize yoga practice. Yoga is
traditionally a deeply personal and spiritual practice, often guided by an experienced teacher who offers
individualized attention and adjusts sequences based on the practitioner’s physical and mental needs. Although
Al systems can provide valuable feedback and insights, they may lack the nuanced understanding of human
emotion and energy that a live instructor can offer. According to Sharma (2024), while AI can enhance pose
recognition and guidance, it also introduces concerns related to the accuracy of posture identification, loss of
human connection, and neglect of vital components like breath control and meditation. There is also the risk
of over-reliance on technology. Practitioners may become overly dependent on AI systems for guidance,
potentially losing the ability to intuitively adjust their practices based on how they feel in the moment. To
ensure sustainable growth, collaboration between tech developers, entrepreneurs, and traditional practitioners
is essential, balancing innovation with the integrity of these time-honored traditions (Chelishcheva, E., 2023).

Methodology:
A systematic literature search was conducted using key terms such as "Artificial Intelligence," "Yoga Posture,"
"Posture Detection," and "Identification.” The search was designed to include studies published between 2019
and 2024 that explored AI applications in yoga posture detection and identification. Databases such as Google
Scholar, PubMed, IEEE Xplore, and Scopus were used to identify relevant studies.

Inclusion and Exclusion Criteria:

e The studies were published in English, either as full-text articles or abstracts.

e The selected studies emphasized Al-based yoga posture detection and correction.

e Articles that lacked practical implementation of Al in yoga or failed to address technological advancements
and unpublished work were excluded.
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S. | Autho | Year Title Methodology | Tool/Techniqu | Result/Key Findings

N | r(s) e

o.

1 Mishra | 2024 YogaSiddhi: Al-based pose | MoveNet Demonstrated accuracy of
et al. AI-Powered analysis using | algorithm higher than 97% of Al in

Pose Analysis | the MoveNet identifying and correcting yoga
using algorithm poses, enhancing refinement
MoveNet for and practice.

Yoga

Refinement

2 | Chidda | 2020 Al-Based hybrid PoseNet  using | PoseNet using TensorFlow-
rwar et Yoga Pose | approach TensorFlow-Lite. | Lite, is highly effective for
al. Estimation for | combining mobile-based  yoga  pose

Android preprocessing estimation, offering speed and

Application techniques and accuracy in predicting and
real-time data comparing 17pose key points.
processing

3 | Mone 2024 PoseCraft applied The Pose-Craft | The Pose-Craft Navigator
et al. Fitness research Navigator ensures precise pose

Navigator: A | approach, monitoring, angle
Flask experimental computation, and progress
integrated AI | design, and tracking, making it a highly
System  for | system effective tool for enhancing
yoga and | development. fitness routines.

exercise

monitoring

4 | Jose, J., | 2021 Yoga Asana | Applied, Transfer learning | The proposed automatic yoga
& Identification: | experimental, with VGG16 | posture identification system
Shailes A Deep | and, architecture, pre- | achieved 82%  prediction
h, S. Learning quantitative trained ImageNet | accuracy using transfer

Approach research weights, DNN | learning with VGG16
classifier. architecture and pre-trained
ImageNet weights.

5 | Moham | 2022 Recognition applied Blaze-pose The proposed model achieved a
med et of Yoga Asana | research training accuracy of 95.29%
al. from  Real- | approach, and a testing accuracy of

Time Videos | experimental 98.65%, processing video input
using Blaze- | design, and at 30 FPS, making it suitable for
pose literature real-time yoga asana
Survey classification on entry-level

devices.

6 | Verma | 2023 Enhancing Qualitative: Deep  Learning | Artificial  Intelligence-based
et al. Yoga Practice | Literature Technique pose estimation models

through Real- | Review reviewed in eight studies
time Posture achieved an average accuracy of
Detection and 90% in identifying 3 to 18 yoga
Correction postures.

using

Artificial

Intelligence:

A

comprehensiv

e Review

7 | Patil et | 2024 A Detailed | Qualitative: Machine Learning | The study proposes hybrid

al. Review on Al | Literature Algorithms models using PoseNet,
Yoga Trainer | Review TensorFlow, and OpenCV for
and Corrector high-accuracy  yoga  pose
using identification, aiming to
Machine enhance posture accuracy and
Learning injury prevention through real-
time feedback.

8 | Sharma | 2024 Exposing the | Qualitative, N/A Despite the convenience of Al
A drawbacks: systematic systems, challenges remain,

Examining literature including potential

the dangers of | review inaccuracies, lack of human

Al-powered touch, and limitations in

yoga addressing the mindfulness

instruction and spiritual aspects of yoga,
alongside data privacy
concerns.

Table-1: Reviewed Literature
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Result:

The review highlights significant advancements in the integration of AI technologies into yogic practices,
demonstrating their potential to enhance posture alignment, provide personalized feedback, and monitor
physiological data for mindfulness and meditation. Al systems, including machine learning algorithms, hybrid
deep learning models (CNNs, LSTMs, SAEs), and computer vision technologies like BlazePose and MoveNet,
have been instrumental in real-time posture correction and personalized yoga training. These innovations,
accelerated by the global COVID-19 pandemic, provide a remote, scalable solution for improving wellness and
accessibility to yoga practices.

Studies reveal AT’s ability to achieve impressive accuracy in yoga pose identification, with models like BlazePose
and TensorFlow’s MoveNet consistently reaching over 90% accuracy in real-time assessments. The use of Al
for physiological monitoring, including heart rate and breath patterns, introduces a data-driven approach to
mindfulness, optimizing relaxation and supporting deeper meditation states. Personalized practice plans
further enhance this approach, offering individualized routines based on real-time feedback and progress
tracking.

5. Discussion & Conclusion

The integration of Artificial Intelligence (AI) into yogic practices represents a significant innovation that blends
ancient wisdom with cutting-edge technology. As outlined by various studies, the adoption of Al-driven tools,
such as real-time pose correction and physiological monitoring, enhances the precision and accessibility of
yoga practices. The synergy of Al with yoga enables personalized training routines, fosters better alignment,
and supports practitioners in achieving optimal results. Moreover, as the COVID-19 pandemic highlighted the
need for remote solutions, Al technologies present opportunities to practice yoga safely and effectively from
any location, making wellness more accessible.

Advancements in machine learning and deep learning models have been especially beneficial in real-time
posture correction, addressing the limitations of traditional yoga instruction where immediate feedback from
alive instructor may not be possible. Chamola et al. (2024) emphasize that pose estimation techniques powered
by AI can drastically improve the accuracy of postures, reducing the risk of injury while allowing practitioners
to correct misalignments as they occur. Such innovations demonstrate the capability of Al to offer a data-driven
approach to yoga that complements its holistic nature.

However, the incorporation of Al in yoga is not without its challenges. One key concern lies in the potential
depersonalization of the practice. Yoga, traditionally guided by an instructor with a nuanced understanding of
a practitioner’s needs, may lose its spiritual and personal essence when mediated solely by technology. Al
systems, while highly effective in offering real-time feedback, may struggle to capture the subtle emotional and
energetic dimensions of human interaction that are central to yoga’s practice. Additionally, ethical
considerations, particularly around data privacy and the handling of personal health metrics, must be
addressed to ensure that Al systems are implemented responsibly. Moreover, while Al-driven systems excel in
pose correction, they may fall short in addressing key components of yoga, such as breath control (pranayama)
and meditation (dhyana). These aspects are crucial for attaining holistic well-being and spiritual growth, and
more research is needed to create Al tools that integrate these elements fully. Sharma (2024) and Adeyemi
(2024) both underscore that while AI can enhance the physical aspects of yoga, its current application remains
limited in fostering the complete mind-body connection. Further research is necessary to refine the integration
of Al in these areas while ensuring ethical considerations like data privacy and the potential depersonalization
of the practice are mitigated. In conclusion, AI's role in yoga has the potential to revolutionize how individuals
engage with this ancient practice, offering a future-oriented approach to well-being that blends tradition with
innovation. As technology evolves, it can bridge the gap between accessibility and personalized wellness,
empowering practitioners to reach new levels of mindfulness and holistic health.

4. Future Directions for Research

The integration of AI with yoga presents a promising future for personalized wellness, but more research is
needed to fully explore the potential of these technologies. Future research should focus on refining the
accuracy of Al systems in recognizing postures and transitions, improving real-time feedback capabilities, and
enhancing physiological monitoring for mindfulness and meditation. Wang and Uysal (2024) highlight
opportunities for Al-assisted mindfulness applications through both niche mindfulness-focused markets and
Al-enabled platforms. Moreover, the study outlines 18 key research themes for future inquiry, offering
substantial directions for integrating AT and mindfulness in industry-specific contexts.

S. No. | 18 key research themes for future inquiry by Wang and Uysal (2024)
1 Mindful decision-making, planning, and leadership
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2 Mindful service behaviors and work behaviors

3 Mental health and community sustainability

4 Mental restoration from work and mental resources recovery for working life

5 Quality of life, well-being, and spirituality

6 Emotional intelligence and environmental education

7 Mindful leadership and decision-making (Hospitality)

8 Mindful service behaviors and work behaviors (Hospitality)

9 Mindful operations of AI technologies and related ethical issues

10 Mental restoration from work and mental resources recovery for working life
(Hospitality)

11 Mindfulness, healing, and positive emotions

12 Mindful eating, mindful drinking, and food education

13 Mindful planning for events

14 Mindful service behaviors and work behaviors (Events)

15 Mindful operations of AI technologies and related ethical issues (Events)

16 Stress reduction and relaxation

17 Mindful social interactions and performance

18 Mindful eating and drinking (Events)

Additionally, researchers should explore the development of AI systems that incorporate elements of yogic
philosophy, such as mindfulness and the mind-body connection. By merging ancient wisdom with modern
technology, AT has the potential to expand the horizons of yoga practice, making it more accessible and effective
for practitioners at all levels.
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