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Abstract: This work introduces a novel method for evaluating various Yoga poses using advanced
deep learning techniques. In our approach, a conventional PC camera is employed to capture real-
time video, and multi-part pose detection is applied to identify the Yoga posture. Once a pose is
detected, the system utilizes an improved scoring algorithm that is designed to provide consistent
assessment across all types of poses. The proposed method supports self-guided Yoga practice by
offering immediate feedback on pose accuracy, thereby assisting users in refining their technique.
To validate the performance of our system, we conducted extensive experiments on a diverse set
of Yoga poses across different environmental settings, which demonstrated its robustness and
adaptability. Furthermore, we developed a hybrid machine learning framework that incorporates
linear regression for extracting meaningful features from the key-points identified by OpenPose in
each video frame. This integration not only enhances the recognition accuracy but also facilitates
the real-time analysis of Yoga poses. Overall, our approach presents a comprehensive solution for
Yoga pose assessment, paving the way for more effective and accessible self-learning Yoga
applications.
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. INTRODUCTION

Humans are inherently vulnerable to a myriad of health issues, among which musculoskeletal
disorders stand out as a significant concern requiring prompt attention. Each year, countless
individuals suffer from these disorders due to factors such as accidents and the natural aging process.
Yoga emerges as a beneficial practice, capable of enhancing overall physical well-being when
performed correctly. However, despite its numerous advantages, practicing exercises without proper
guidance can lead to harmful consequences and an unhealthy lifestyle. Therefore, it is crucial for
individuals engaging in self-directed exercise routines to receive accurate and expert instruction.
With appropriate guidance, one can experience the multifaceted benefits of yoga, ranging from
improved physical fitness to enhanced mental clarity. Yoga postures are designed to foster awareness,
balance, and strength across both mind and body, creating a holistic approach to health. In contrast,
incorrect execution of these postures may lead to severe complications such as strokes or nerve
damage. This underscores the importance of adhering to correct techniques and suitable yoga
postures to avoid potential risks.
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Moreover, as the popularity of yoga continues to grow, there is an increasing need for research into
safe practices and the development of reliable methods for posture assessment. By integrating
advanced technologies and proper instructional frameworks, the benefits of yoga can be maximized
while minimizing the risk of injury, ultimately contributing to a healthier, more balanced lifestyle.

Il. PROBLEM STATEMENT
This approach employs a PC camera to capture a user’s pose and then performs pose detection. Once
the pose is identified, the system calculates the variance in specific body angles between the
instructor’s reference pose and that of the user. If the measured discrepancy exceeds a predetermined
threshold, the system signals the need for corrective adjustment in that particular segment. This
design aims to enable individuals to safely and effectively practice Yoga in various environments,
including the convenience of their own homes.

l1l. LITERATURE SURVEY

Paper: Application of Machine Learning Methods for Yoga Pose Identification, by Yash Agrawal, Yash
Shah, Abhishekh Sharma:

This study addresses the challenges of posture recognition stemming from limited datasets and the
complexity of real-time detection. To overcome these issues, the researchers compiled a substantial
dataset featuring over 5,500 images across ten distinct yoga poses. They employed a tf-pose
estimation algorithm to generate real-time skeletal models, using the derived joint angles as input
features for training various machine learning models. An 80/20 split was used for training and testing,
with the Random Forest Classifier achieving an accuracy of 90.04%.

Paper: Yoga-82: A New Dataset for Fine-Grained Pose Classification, by Manisha Verma, Sudhakar
Kumawat, Yuta Nakashima:

This work introduces a novel concept in human pose recognition by framing the task as a fine-grained,
hierarchical classification problem. The authors created the Yoga-82 dataset, which consists of 82
distinct yoga poses, each featuring intricate variations. Recognizing the challenges of precise labeling,
they developed a three-tier hierarchical labeling system that categorizes poses by general body
positions, their variations, and specific pose identifiers. State-of-the-art convolutional neural
networks, along with tailored hierarchical variants of DenseNet, were evaluated on this dataset to
demonstrate the efficacy of this classification approach.

Paper: Yoga Pose Recognition Using EMG Signals from Lower Limb Muscles, by Pradchaya Anantamek:
Focusing on an alternative modality for yoga posture recognition, this study utilizes electromyography
(EMG) signals from the lower limb muscles. The research involved ten participants, evenly split by
gender, performing five distinct yoga poses. The system monitored EMG activity from four key muscles
in each leg to capture the nuances of muscle movement. Three different machine learning models
were implemented for posture detection, with the Random Forest Decision Tree model delivering the
best performance at an accuracy of 87.43%.
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Paper: Privacy-Preserving loT-Based Yoga Posture Recognition Using Infrared Sensors and Deep, by
Munskjargal Gochoo, Tan-Hsu Tan:

This paper proposes a privacy-conscious system for recognizing yoga postures by leveraging low-
resolution infrared sensors integrated within a wireless sensor network. Each node, equipped with an
8x8 pixel thermal sensor, captures data along the x, y, and z axes. The system transformed the sensor
data from 18 volunteers performing 26 different yoga poses into grayscale images. Validation through
tenfold cross-validation demonstrated exceptional performance, with Fl-scores of 0.9989 for
combined xyz images and 0.9854 for y-axis images, alongside an average classification latency of 107
milliseconds, showcasing its potential for secure, real-time yoga training.

Paper: Real-Time Yoga Pose Recognition Using Microsoft Kinect, by Muhammad Usama Islam, Hasan
Mahmud:

This research presents a real-time system that utilizes Microsoft Kinect to track human body
movements and evaluate the accuracy of yoga poses. The Kinect sensor detects body joints, from
which joint angles are computed to assess pose precision. The system is capable of recognizing and
providing feedback on multiple yoga poses in real time, thereby offering users actionable insights to
enhance their practice.

Paper: Yoga Pose Recognition via an Interactive System with Kinect Based on Confidence Value, by
Edwin W Trejo, Peijiang Yuan:

Offering a cost-effective solution for yoga pose recognition, this study leverages the capabilities of
Microsoft Kinect’s body tracking and depth sensing. The authors developed an interactive system that
recognizes a select number of yoga poses, facilitating user learning and practice. Real-time feedback,
including corrective instructions guided by a yoga expert, is provided. The recognition algorithm,
based on the Adaboost technique, successfully detected six yoga poses with a maximum average
confidence value of 92%.

Paper: "Implementation of Machine Learning Technique for Identification of Yoga Poses"

This study employs a tf-pose estimation method on a sizable dataset of 5,500 images to perform pose
detection. It extracts skeletal angles that feed into various machine learning models, with the Random
Forest classifier achieving an impressive 99.04% accuracy. In contrast, my project utilizes OpenPose
for keypoint detection and Logistic Regression for classifying poses. There is an opportunity to
enhance my dataset by incorporating a wider variety of poses and images, and by experimenting with
more sophisticated classifiers such as Random Forest or Convolutional Neural Networks (CNNs) to
potentially achieve higher accuracy.

e  Paper 1: "Yoga-82: A New Dataset for Fine-grained Classification of Human Poses"
This work introduces the Yoga-82 dataset, featuring 82 distinct classes along with a fine-grained,
hierarchical labeling system. The approach addresses challenges such as pose diversity, occlusion,
and various viewpoints through its hierarchical classification method, which improves detection
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of complex poses. My project currently does not include such a multi-level classification structure
or the same level of dataset complexity. Adopting a hierarchical classification strategy and
expanding my dataset to capture a broader range of pose variations could markedly improve the
system’s ability to handle more intricate poses.

e Paper 2: "Recognition of Yoga Poses Using EMG Signals from Lower Limb Muscles"
This research takes an alternative approach by using electromyography (EMG) signals from lower
limb muscles to recognize yoga poses, focusing on muscle movement rather than visual cues. My
project, on the other hand, relies solely on visual keypoint detection through OpenPose.
Integrating biofeedback mechanisms such as EMG could enrich the system’s understanding of
how poses are executed, potentially enhancing the accuracy of pose corrections.

e  Paper 3: "Novel loT-Based Privacy-Preserving Yoga Posture Recognition System Using Low-
Resolution Infrared Sensors and Deep Learning"
Addressing privacy concerns, this paper employs low-resolution infrared sensors along with a
Deep Convolutional Neural Network (DCNN) for classifying yoga postures. Since my system uses
an RGB camera input paired with Logistic Regression for pose classification, it may encounter
privacy issues and might not match the accuracy offered by deep learning models. Transitioning
towards a privacy-preserving sensor setup and incorporating deep learning techniques could
both improve classification accuracy and address privacy challenges.

e  Paper 4: "Yoga Posture Recognition by Detecting Human Joint Points in Real Time Using Microsoft
Kinect"
This study leverages Microsoft Kinect to detect joint points in real-time, using depth sensors to
calculate joint angles accurately. The precision provided by Kinect’s depth sensing capabilities
may outperform a conventional camera system like the one used in my project, which depends
on OpenPose with a standard video feed. Integrating depth sensing technology or Kinect-like
devices could potentially enhance the real-time tracking and overall accuracy of the pose
estimation in my system.

e  Paper 5: "Recognition of Yoga Poses through an Interactive System with Kinect Based on
Confidence Value"
This research presents an interactive system that uses Kinect for real-time yoga pose recognition
and feedback, utilizing the Adaboost algorithm to achieve an average confidence value of 92%.
Unlike this approach, my project currently does not offer real-time corrective feedback and
employs Logistic Regression rather than Adaboost. Incorporating real-time correction features
and adopting more advanced algorithms like Adaboost could substantially improve the
performance and user experience of my system.
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V. PROPOSED SYSTEM
The Yoga Pose Detection Desktop Application is engineered to deliver real-time evaluations of yoga
postures through a camera-based system. It utilizes OpenPose to capture and extract body keypoints
and applies a Logistic Regression model that analyzes the angles and distances between these
keypoints for pose classification. The application's user interface is built with Tkinter, enabling
functionalities such as user authentication, pose monitoring, feedback display, and profile
management.
On the backend, Python manages the processing of live video streams, keypoint extraction, pose
classification, and the generation of corrective feedback. The system securely stores only user-related
information in its database, including details like user credentials and profile settings. The User model
in the database comprises fields such as user_id, username, email, password_hash, profile_picture,
along with timestamps marking the creation and updates of profiles, ensuring robust authentication
and profile management.Refer fig.5.4 and 5.4 which shows the data flow and architecture of system
respectively.
When the application is launched, users are prompted to either log in or register. As users perform
yoga poses in front of the camera, OpenPose extracts the relevant body keypoints, and the system
computes the angles and distances between these points. These computed features are then input
into the pre-trained Logistic Regression model to determine the specific yoga pose. The system
assesses the accuracy of the detected pose by comparing it with a predefined standard template.
Upon successful detection of a pose, the application presents the pose name, an accuracy percentage,
and details about its benefits—such as enhanced flexibility and strength. Additionally, it suggests a
video tutorial to further assist users in mastering the pose, and offers constructive feedback on
posture alignment. If no recognizable pose is detected, the application informs the user accordingly.
The system prioritizes efficiency by processing video streams in real time to ensure minimal delays in
pose detection and feedback. User passwords are safeguarded using secure hashing techniques such
as bcrypt, ensuring that only authenticated users can access their profiles.
For optimal performance, the camera should offer a minimum resolution of 720p, with a 1080p
camera being preferable for enhanced detection precision. A frame rate of at least 30 FPS is
recommended to achieve smooth real-time processing, and a wide-angle lens can be beneficial for
capturing full-body yoga poses. The system is compatible with both USB and integrated webcams that
work with OpenCV in Python.
The application is designed to operate on modern operating systems, including Windows 10 or later,
macOS Mojave or newer, and Linux distributions such as Ubuntu 18.04 or later. Recommended
hardware specifications include an Intel Core i5 processor or better, 8 GB of RAM, and a dedicated
GPU like the NVIDIA GTX 1050 or above to support efficient real-time processing.
Overall, the proposed system delivers real-time pose detection, an intuitive user interface, and secure
profile management, while also providing actionable feedback and video tutorials to guide users in
refining their yoga practice. It is built with future scalability in mind, allowing for the incorporation of
additional yoga poses and potential expansion to a web-based platform.
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The proposed system leverages real-time human pose estimation and deep learning to classify yoga
poses from webcam input or static images. The system architecture includes four key stages: data
preprocessing and enhancement, feature extraction, model training, and real-time prediction and
visualization. The approach significantly enhances pose representation by incorporating additional
keypoints and geometric features, ensuring high classification accuracy.

5.1: Data Preprocessing and Landmark Enhancement:
The system uses MediaPipe Holistic for landmark detection. A total of 75+ landmarks are
extracted, including pose, left and right hand landmarks, and an additional mid-chest point, which
is computed from the shoulders:

(lemulcler L Rﬁhnulder)
2

All landmark coordinates are normalized using the torso length, defined as the Euclidean distance
between the left shoulder and left hip:

MidChest, , . =

Normalization Factor = \/(:Em —x15)? + (y1s — yin)?

This normalization ensures invariance to subject scale and distance from the camera. Refer figure
5.1 which shoes the tSNE visualization of datapoints

5.2: Feature Extraction:
The system extracts three main categories of features:

* Landmark Coordinates: , y, z positions and visibility scores for each landmark.

* [nter-landmark Euclidean Distances:

Dist: . — \/('Ti —z;)? + (¥ —y5)* + (2 — 25)?
o Normalization Factor

+ 3D Joint Angles using the cosine law:

Given three points A, B, C, the 3D angle at point B is computed as:
BA=A-B, BC=C-B

» BA - BC

8 = cos - —
I|BA| - ||BC| + €

where € = 1 x 10~% is added for numerical stability.
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Refer figure 5.2 which shoes the features and outliers of poses

5.3: Model Architecture:
The extracted features are input to a feed-forward neural network (Multilayer Perceptron),
trained using the following architecture:
e Input Layer: Dimensionality equal to the number of extracted features (~thousands due to
pairwise distances and angles).
e  Hidden Layers:
Dense Layer with 512 units, ReLU activation, L2 regularization
Dropout layer (0.5)
Dense Layer with 256 units, ReLU activation, L2 regularization
Dropout layer (0.5)
e Output Layer: Softmax activation, with units equal to number of pose classes.

The model is trained using the Adam optimizer and sparse categorical crossentropy loss.

5.4: Real-Time Prediction System:
Using a live webcam feed:
e  MediaPipe Holistic extracts body landmarks in real time.
e  The system dynamically computes features (landmark coordinates, distances, angles).
e The trained neural network classifies the pose and displays the pose name and confidence
score on the screen.
The interface supports fullscreen visualization and provides instant feedback for real-time
applications like yoga guidance or rehabilitation exercise
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Figure 5.1: t-SNE Visulization Of Yoga Pose
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VI. FUTURE DISCUSSION

e Progress Tracking and Analytics: Future iterations of the system could incorporate features that
monitor a user's progress over time. Detailed insights into improvements in accuracy, flexibility,
and strength could be provided through visual representations such as graphs and reports.

e Multi-Language Support and Accessibility: Expanding the system to include multiple languages
and integrating accessibility options—such as voice guidance—would broaden its reach, making
it more user-friendly for individuals from diverse linguistic backgrounds and those with
disabilities.

e Mobile and Web Integration: Developing companion mobile and web applications would further
enhance accessibility, allowing users to engage with the system from virtually anywhere—
whether through a smartphone or a web browser.

e 3D Pose Detection: Incorporating a 3D pose detection module could significantly boost overall
accuracy by providing a more comprehensive analysis of the user's movements and posture.

e (Conclusion: The Yoga Pose Detection system provides an innovative solution for individuals
seeking real-time insights into their yoga practice. By utilizing a camera-based setup, the system
harnesses OpenPose for extracting body keypoints and applies Logistic Regression for classifying
the poses. Its intuitive interface, developed with Tkinter, supports essential functionalities such
as secure user login, measurement of pose accuracy, and tailored feedback. Looking ahead, there
are exciting opportunities to enhance this system further. Expanding the range of yoga poses,
integrating more advanced Al models, and extending the platform to mobile and web
applications are just a few of the potential improvements. Additionally, incorporating wearable
devices could enrich the user experience by offering continuous health monitoring and progress
tracking. With its scalable design, the system is well-positioned to evolve into a comprehensive
platform for yoga enthusiasts. Future developments may include features such as personalized
yoga routines and detailed analytics, ultimately transforming the system into an indispensable
resource for enhancing overall wellness and.
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