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ABSTRACT: In web-based fitness assistant systems, computer vision-based posture detection faces significant
challenges during real-time exercise tracking, including body movement variations, poor lighting conditions, and
complex viewing positions. To address these problems, we propose an improved fitness monitoring framework,
FitPose v1, that builds on the existing MediaPipe and OpenCV technologies. Our method incorporates a new pose-
alignment tracking (PAT) module into the processing pipeline, replacing traditional angle estimation techniques to
improve body landmark detection and reduce unnecessary computational delays. Additionally, we introduce a
motion stability correction (MSC) module to reduce tracking errors during rapid movements and increase sensitivity
to different exercise postures and body orientations. To further enhance exercise accuracy and performance
efficiency, we introduce a lightweight feedback optimization module (FOM) within the web application that
dynamically adjusts posture evaluation to improve real-time activity analysis. Experimental results show that the
FitPose vl model achieves a 1.3% increase in posture detection accuracy and a 2.5% improvement in exercise
repetition counting compared to conventional tracking methods, while maintaining smooth real-time performance
for low-resource devices. These results demonstrate that FitPose v1 provides fitness assistance for users
everywhere.

I. INTRODUCTION

With the rapid growth of digital health technologies and the increasing demand for accessible and efficient fitness
solutions, computer vision-based posture detection has become an important tool in modern fitness monitoring
systems. By accurately identifying body movements, exercise postures, and physical activities in real time, these
systems help users maintain proper form, reduce the risk of injuries, and support personalized fitness training.
However, achieving reliable posture detection performance in real-world environments remains challenging,
especially during dynamic body movements, varying lighting conditions, and complex backgrounds. Traditional
posture detection techniques, including commonly used computer vision frameworks, have shown good
performance in controlled environments because of their balance between speed and accuracy. Technologies such
as MediaPipe and OpenCV have gained popularity for real-time fitness applications on web-based platforms and
low-resource devices, where computational efficiency is essential. Despite their advantages, existing posture
tracking systems often struggle during rapid movements and improper camera positioning. Variations in body
orientation can lead to inaccurate landmark detection, incorrect exercise counting, and reduced feedback quality,
particularly in complex indoor environments. Furthermore, standard tracking methods may not effectively capture
detailed body alignment or properly filter unnecessary background information. Recognizing these challenges, this
project proposes an enhanced fitness monitoring framework, FitPose v1, specifically designed to improve posture
detection reliability and exercise accuracy in web-based fitness applications. By integrating specialized modules
such as the pose-alignment tracking (PAT) module for improved body landmark detection, the motion stability
correction (MSC) module for enhanced movement tracking, and the feedback optimization module (FOM) for
adaptive posture evaluation, FitPose v1 aims to overcome the limitations of existing MediaPipe and OpenCV-based
systems.
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II. LITERATURE REVIEW

L. Lugaresi, J. Tang, H. Nash, C. McClanahan, E. Uboweja, M. Hays, F. Zhang, C.-L. Chang, M. Yong, J. Lee, and
W. T. Chang. 2020. Real-time human pose estimation has become an important research area in computer vision
due to its applications in fitness tracking, gesture recognition, and healthcare systems. To address the challenge of
accurate body landmark detection in live video streams, the authors introduced MediaPipe Pose, a lightweight and
efficient framework for real-time pose tracking. The framework uses machine learning pipelines and optimized
pose estimation models to identify key body landmarks with high precision while maintaining low computational
cost. MediaPipe Pose is designed to work efficiently across mobile devices, web applications, and desktop
platforms. Experimental results demonstrate that the framework achieves reliable pose detection accuracy and
smooth real-time performance even on low-resource devices, making it highly suitable for web-based fitness
assistant systems.

G. Bradski. 2000. Computer vision applications often require fast and reliable image processing techniques for real-
time analysis. To support these requirements, the author introduced OpenCV, an open-source computer vision
library designed for image processing and machine learning applications. OpenCV provides a wide range of
functions for video capture, object detection, image filtering, and motion tracking. The library is optimized for high-
performance execution and supports multiple programming languages and operating systems. Due to its flexibility
and computational efficiency, OpenCV has become widely used in applications such as facial recognition,
surveillance systems, autonomous navigation, and fitness monitoring systems. Experimental implementations show
that OpenCV significantly improves the performance of real-time image processing applications while reducing
development complexity and computational overhead.

A. Howard, M. Sandler, G. Chu, L.-C. Chen, B. Chen, M. Tan, W. Wang, Y. Zhu, R. Pang, and V. Vasudevan.
2019. Designing lightweight deep learning models for mobile and embedded devices has become increasingly
important in modern computer vision applications. To improve efficiency while maintaining high accuracy, the
authors proposed MobileNetV3, an advanced convolutional neural network architecture optimized for resource-
constrained devices. The model combines neural architecture search, squeeze-and-excitation modules, and
lightweight convolution techniques to reduce computational cost and memory usage. MobileNetV3 achieves strong
performance in image classification and object detection tasks while maintaining fast inference speed. Experimental
results indicate that the model provides better accuracy and lower latency compared to previous lightweight
architectures, making it suitable for real-time applications such as posture detection and fitness tracking systems.
Z.Cao, T. Simon, S.-E. Wei, and Y. Sheikh. 2017. Human pose estimation remains a challenging task in computer
vision because of body movement variations, occlusions, and complex backgrounds. To overcome these difficulties,
the authors proposed OpenPose, a real-time multi-person pose detection framework capable of identifying body,
hand, and facial key points. The framework uses part affinity fields to associate detected body parts with individual
persons in an image or video stream. OpenPose achieves accurate pose estimation while maintaining real-time
performance across multiple platforms. Experimental evaluations on benchmark datasets demonstrate significant
improvements in body landmark detection accuracy and robustness. The study highlights the effectiveness of pose
estimation frameworks in applications such as physical activity monitoring, gesture analysis, and intelligent fitness
systems.

K. He, X. Zhang, S. Ren, and J. Sun. 2016. Deep neural networks have shown remarkable success in computer
vision tasks; however, increasing network depth often leads to training difficulties and reduced optimization
performance. To address this issue, the authors introduced Residual Networks (ResNet), a deep learning architecture
that uses residual learning to simplify network training and improve feature extraction. The proposed residual
blocks enable efficient gradient flow and allow the construction of very deep neural networks without performance
degradation.

III. METHODOLOGY

The proposed methodology presents a structured approach for developing a reliable web-based fitness assistant
system using MediaPipe and OpenCV technologies. FitPose v1 addresses challenges such as improper posture
detection, rapid body movements, and varying lighting conditions by integrating stages such as data collection,
preprocessing, pose estimation, posture analysis, and performance evaluation. Advanced modules, including Pose-
Alignment Tracking (PAT), Motion Stability Correction (MSC), and Feedback Optimization Module (FOM), are
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combined to improve body landmark detection, motion analysis, and real-time exercise tracking. The system is
designed to provide high posture accuracy while maintaining computational efficiency, making it suitable for real-
time and low-resource web-based environments.

Existing System Disadvantages

a. Limited posture understanding leads to inaccurate exercise tracking due to the absence of advanced body
alignment mechanisms.

b. Loss of important body landmark details during movement reduces accuracy in detecting complex exercise
postures and rapid actions.

c. Inability to effectively manage different body orientations and lighting variations results in inconsistent posture
detection performance.

PROPOSED SYSTEM:

The FitPose vl framework enhances MediaPipe and OpenCV-based fitness monitoring systems while maintaining
smooth real-time performance. Its improvements mainly include Pose-Alignment Tracking (PAT), which provides
better body posture understanding and landmark precision, Motion Stability Correction (MSC) to achieve stable
movement tracking during rapid exercise activities, and the Feedback Optimization Module (FOM) that delivers
accurate posture evaluation with lower computational cost. These modules together provide an effective solution
to handle challenges such as varying body positions, lighting conditions, and background disturbances. The
proposed system achieves improved posture detection accuracy and efficient real-time performance, making it
suitable for deployment in web-based fitness applications on low-resource devices.

Proposed System Advantages

a. PAT improves focus on important body landmarks and reduces background interference, enhancing posture
detection accuracy in real-time environments.

b. MSC strengthens movement tracking stability, enabling accurate monitoring of both slow and fast exercise
activities.

c. FOM provides adaptive posture evaluation and efficient feedback generation, improving user guidance and
reducing computational complexity
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Fig: System Architecture

The proposed FitPose v1 architecture for real-time posture detection and fitness monitoring is divided into three
main components: the Input Processing Layer, Pose Estimation Layer, and Feedback Generation Layer. Each stage
plays a crucial role in body landmark detection, posture analysis, and real-time fitness assistance.

MODULES:

1. Data Collection:

This module gathers exercise and posture-related video data containing activities such as squats, push-ups, yoga
poses, and stretching exercises. Data is collected from webcams, recorded fitness videos, or real-time user sessions,
ensuring diversity in body movements, lighting conditions, and viewing angles.

2. Data Labels Analysis:

This step analyzes body landmark information and posture classifications to ensure balanced representation of
different exercise activities. It helps identify incorrect landmark mapping, posture imbalance, and improves system
accuracy and generalization.

3. Annotations:

Body joints and posture landmarks are annotated using pose estimation frameworks such as MediaPipe Pose.
Accurate landmark annotation is essential for improving posture detection and exercise tracking performance.

4. Data Preprocessing:
Input video frames are processed using resizing, normalization, noise reduction, and frame enhancement techniques

to improve image quality and tracking stability. Additional augmentation methods such as flipping and rotation
improve system robustness.
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5. Model Apply:

The FitPose vl framework is implemented using MediaPipe and OpenCV for real-time body landmark detection
and posture analysis. Optimized tracking methods and posture evaluation techniques are applied to improve exercise
monitoring accuracy.

6. UI Design:

A simple web-based user interface is developed to capture webcam input and display posture tracking results clearly
with body landmarks, posture status, repetition count, and corrective feedback.

7. Detection:

The system detects and tracks body movements using the implemented posture estimation framework, providing
outputs such as body landmarks, joint angles, posture correctness, and exercise repetition analysis, evaluated using
posture

IV.IMPLEMENTATION

The implementation phase focuses on developing the proposed FitPose vl framework as a functional web-based
fitness assistant system for real-time posture detection and exercise monitoring. The system is implemented using
the Python programming language along with libraries such as MediaPipe, OpenCV, and NumPy. The developed
framework follows a structured pipeline consisting of stages such as Data Collection, Preprocessing, Pose
Estimation, Posture Analysis, Feedback Generation, and real-time fitness tracking. The implementation is modular
in nature, allowing each module to be independently developed, tested, and optimized for better performance,
accuracy, and computational efficience.

V. EXPERIMENTAI RESULT

Fig: Home Page
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VI. CONCLUSION

In this paper, we addressed the problem of real-time posture detection and exercise monitoring in web-based fitness
systems. We proposed an improved fitness assistant framework, FitPose v1, based on MediaPipe and OpenCV
technologies. PAT, MSC, and FOM modules are introduced in the framework to improve body posture
understanding and sensitivity to different exercise movements more effectively. Furthermore, compared with
traditional posture tracking methods, our framework achieves better posture detection accuracy while still
maintaining real-time performance with lower computational complexity. As a result, it is more suitable for
deployment in intelligent fitness monitoring systems where devices often have limited computational power and
memory resources. Therefore, the proposed framework, FitPose v1, can serve as an efficient and reliable solution
for real-time fitness assistance with high accuracy and smooth performance.

VII. FUTURE ENHANCEMENT

Although the proposed FitPose v1 framework achieves improved performance in real-time posture detection and
fitness monitoring, there are several areas where the system can be further enhanced in the future. One possible
improvement is the integration of advanced image enhancement techniques to improve body landmark visibility
and posture tracking accuracy under poor lighting conditions before pose estimation is performed. In addition,
utilizing temporal information from continuous video frames could support smoother motion tracking and more
stable exercise analysis during rapid body movements. Applying optimization techniques such as model pruning
and lightweight neural network architectures could further reduce computational cost and energy consumption,
enabling efficient execution on low-power devices and mobile platforms. Finally, extending the framework to
support additional fitness activities, rehabilitation exercises, and multi-user posture tracking could improve the
versatility and robustness of intelligent fitness assistant systems in diverse real-world environments.
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