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Abstract 
Improper alignment during exercise can result in significant injuries, especially when 
people participate in home workouts or online fitness programs without professional 
guidance. To tackle this problem, we suggest a real-time system for correcting 
workout posture that leverages advanced pose estimation technology via MediaPipe 
to evaluate human body positioning. By measuring joint angles for a range of 
exercises—including squats, push-ups, planks, and yoga poses—the system assesses 
whether the user's form complies with ideal biomechanical practices. 
The platform provides immediate auditory cues to assist users in modifying their 
posture during workouts, thereby reducing the risk of injury and encouraging healthy 
exercise routines. An easy-to-use web-based dashboard, built using FastAPI, 
OpenCV, and SQLite, incorporates important functionalities such as user registration, 
session tracking, and performance analysis. This design guarantees that data is 
effectively stored and accessed, allowing users to track their development over time 
and stay motivated. 
Additionally, the system's quick responsiveness and ability to provide real-time 
corrections make it a viable, cost-effective, and easily accessible substitute for 
conventional in-person fitness coaching. Its combination of computer vision, 
streamlined backend services, and database support presents a comprehensive and 
intelligent solution for at-home fitness training, improving safety, engagement, and 
long-term health outcomes.
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1. Introduction 

People's approaches to personal well-being have changed as a result of the emergence of digital health and fitness solutions, with 

virtual fitness coaching becoming a popular trend. A virtual fitness coach leads customers through customized exercise regimens 

using motion tracking, artificial intelligence, and data analytics while providing real-time feedback and progress tracking. A 

virtual coach automatically adjusts exercises to the user's current fitness level, posture, and progress, offering a more 

personalized and interesting experience than typical fitness applications that only provide static instructions. 

Propelled by developments in wearable technology, computer vision, and machine learning, virtual fitness coaches are made to 

mimic the direction of a real personal trainer while guaranteeing users' ease and accessibility at any time. In order to help users 

reach their fitness objectives with the lowest possible risk of damage, these devices use complex algorithms to evaluate biometric 

data, activity levels, and body position. 

This study examines the latest advancements in virtual fitness coaching technology, emphasizing its fundamental elements, the 

influence of artificial intelligence on personal fitness, and the benefits and difficulties this technology offers to developers and 

end users alike. This study attempts to give a thorough review of the technology and assess its efficacy and future possibilities 

in encouraging healthy lives by looking at existing virtual coaching platforms. 
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2. History and Purpose 

It has become more difficult to live a healthy lifestyle in the 

fast-paced, technologically advanced world of today. People 

frequently struggle to prioritize physical health due to the 

pressures of modern life, which makes it challenging to stick 

to regular workout regimens. By restricting access to gyms 

and fitness centers, the COVID-19 pandemic exacerbated 

these issues and increased demand for digital health and 

wellness solutions that could be used conveniently and safely 

from home. 

In the middle of this change, virtual fitness coaching has 

become a potent instrument that tackles numerous typical 

fitness obstacles. Traditional training methods can be 

constrictive for those with hectic schedules because they 

frequently call for pricey personal trainers, rigid schedules, 

or certain places. 

Conversely, users can receive flexible, at-home fitness advice 

that is customized to meet their requirements and objectives 

through virtual fitness coaching. Real-time feedback, 

motivational assistance, and customized workout routines are 

some of the ways virtual fitness coaches help users reach their 

fitness objectives more quickly and easily. 

 

3. Limitations and challenges 

Although virtual fitness coaching has many advantages, there 

are a number of issues that affect its usability and efficacy. 

Maintaining the accuracy of posture detection, which is 

essential for giving useful feedback and avoiding accidents, 

is one of the main challenges. Although computer vision and 

sensor data are used by virtual coaches, it is still difficult to 

effectively judge body alignment and movement remotely, 

particularly in different lighting or spatial situations. 

Data privacy is still another important issue. In order to 

personalize user experiences, virtual fitness platforms 

frequently gather and examine personal data, including 

biometrics and exercise history. But because of the privacy 

and security concerns raised by this gathering, developers 

must put strict data protection procedures and safe storage 

options in place to protect user information. 

Another major problem is sustaining user adherence over 

time. Many users get involved with enthusiasm at first, but 

without ongoing support or fresh challenges to keep them 

interested, they may lose drive. This restriction emphasizes 

how crucial it is to create programs that are flexible and long-

lasting. 

Expanding exercise libraries to include more routines, 

improving motion tracking algorithms for more accurate 

feedback, and improving feedback mechanisms to guarantee 

users receive timely and useful assistance are all possible 

areas for improvement in virtual fitness coaching. Virtual 

fitness platforms can make exercising safer, more interesting, 

and more successful for a wide variety of consumers by 

tackling these issues. 

 

Relevance and Current Trends 

Fitness technology has advanced quickly in recent years to 

satisfy the shifting demands of health-conscious people, with 

a focus on engagement and customisation. The move to 

individualized, data-driven health solutions is among the 

most notable trends. Fitness systems can now offer 

personalized training regimens and real-time insights that 

adjust to each user's progress and objectives thanks to 

developments in wearable technology, artificial intelligence, 

and machine learning. Because their exercise regimens are 

specially tailored to them, individuals benefit from increased 

motivation and better outcomes. 

The use of gamification into fitness software, which turns 

workouts into interesting, participatory experiences, is 

another noteworthy trend. Gamified fitness systems increase 

user motivation and long-term adherence to workout 

regimens by integrating features like badges, prizes, progress 

levels, and social challenges. This method makes fitness 

more pleasurable and long-lasting by leveraging the 

psychological advantages of achievement and social 

engagement. 

In today's environment, when many people prioritize 

personal wellness and remote health solutions, the value of 

virtual fitness instructors is highlighted. Virtual coaches 

make fitness accessible to a wider audience by enabling 

people to receive professional advice and feedback without 

being limited by time or place. Virtual fitness coaching stands 

out as an efficient means of promoting physical well-being as 

people look for more accessible, at-home options. It offers 

flexibility, customization, and a sense of community that fits 

well with contemporary lifestyles. 

 

4. Comparision of Research Works 

Numerous works that investigate the use of computer vision 

and machine learning in virtual fitness coaching are reviewed 

and contrasted in this area. Crucial components of the 

comparison include the kinds of data gathered (such as 

motion tracking, biometric, and behavioral data), the models 

and algorithms used for activity recognition and feedback, the 

stated results in terms of accuracy and user engagement, and 

the main difficulties encountered by each strategy. By 

looking at these factors, this review seeks to give readers a 

thorough grasp of the state of technology in virtual fitness 

coaching and pinpoint areas that need more research. 

In recent years, various AI-driven systems have been 

developed for human posture estimation and fitness training. 

In 2023, a study titled “Robust Intelligent Posture Estimation 

for an AI Gym Trainer using Mediapipe and OpenCV” used 

camera input (from webcams or smartphones) and leveraged 

OpenCV's trigonometric computations with Mediapipe's 

deep learning models for human landmark detection. This 

system achieved a visibility accuracy of 90%, but faced 

challenges like low-light performance, camera angle 

dependence, and limited variability. Another 2023 work, 

“Pose Estimation and Virtual Gym Assistant using 

MediaPipe and Machine Learning,” used datasets such as 

Jiunn's Kaggle dataset, Abdillah's Kaggle dataset, and a 

custom bicep curl dataset. Employing BlazePose, traditional 

machine learning, and deep learning techniques, the system 

reached 90% accuracy using an enhanced Artificial Neural 

Network, though lighting issues and limited exercise 

diversity remained concerns. 

“Ballet Form Training Based on MediaPipe Body Posture 

Monitoring” also from 2023, utilized MediaPipe’s 33-body-

joint tracking for real-time ballet posture correction, resulting 

in increased stability and form accuracy over a three-month 

period. However, consistently maintaining movement form 

was difficult. Similarly, “Exercise Quality Analysis Using AI 

Model and Computer Vision” (2022) used footage of 

exercises like jumping jacks and applied Dynamic Time 

Warping (DTW) for analysis, finding only a 5% variance 

across joint angles compared to trainer videos. Still, issues in 
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real-time functionality, computational power, and processing 

delays persisted. 

In 2024, the study “Computer Vision Technologies for 

Human Pose Estimation in Exercise: Accuracy and 

Practicality” analyzed video of 14 students performing the 

Standing Stork Test, achieving 98% classification accuracy 

in Pilates poses using MobileNetV2, OpenPose, and CNN 

models, despite limitations in manual annotation and dataset 

size. Another 2024 study, “YogaSiddhi: AI-Powered Pose 

Analysis using MoveNet for Yoga Refinement,” trained 

MoveNet Thunder on the COCO and Google’s internal 

"Active" dataset, yielding 99.66% accuracy in yoga pose 

detection. However, the model struggled to adapt to 

individual body differences. 

A 2023 project titled “Pilates Pose Classification Using 

MediaPipe and Convolutional Neural Networks with 

Transfer Learning” used a Kaggle dataset of 1,253 Pilates 

images and achieved 98% accuracy using MobileNetV2 in 

combination with CNNs, but was limited in recognizing 

additional poses. In the same year, “AI Trainer: Autoencoder 

Based Approach for Squat Analysis and Correction” 

employed Direct Linear Transform and data from 1,332 squat 

videos to achieve 94% classification accuracy, though it 

struggled with environmental influences and input quality. 

“Visualization and Classification of Human Movements 

Based on Skeletal Structure” used the UCF101 Action 

Recognition dataset (13,320 videos) and applied LSTM-

based neural networks, reaching 97.63% training accuracy 

and 90.92% validation accuracy, but encountered issues with 

detecting small-scale human figures. The “Development of 

AI Algorithm for Weight Training Using Inertial 

Measurement Units” (2022) gathered 24,963 samples and 

used Mediapipe with LSTM models to achieve an impressive 

98.96% accuracy, although it relied heavily on IMUs and had 

limited exercise coverage. 

A 2023 thesis titled “Development of Human Pose 

Estimation and Machine Learning-Based Algorithms for 

Assessing Physical Exercise Proficiency” recorded posture 

data using standard cameras and used the mRMR algorithm 

alongside Mediapipe to evaluate Tai Chi proficiency, 

achieving over 80% accuracy. However, it suffered from 

unbalanced data and segmentation errors. 

Another 2023 effort, “Comparative Analysis of Cameras and 

Software Tools for Skeleton Tracking,” evaluated tools like 

MediaPipe, Nuitrack, and PyZED using data from 16 

participants. MediaPipe showed superior performance in 

upper and lower extremity feature tracking but was tested 

only in restricted conditions and for one activity. 

“Posture Detection and Comparison of Different Physical 

Exercises Based on Deep Learning Using MediaPipe and 

OpenCV” (2023) used over 2,300 labeled images of eight 

yoga poses. The system employed Random Forest 

algorithms, achieving 99.19% accuracy, though cost and 

limitations of sensor-based systems posed issues. Similarly, 

“VCOACH: A Virtual Coaching System Based on Visual 

Streaming” used RGB, infrared, depth cameras, and IMU 

sensors to collect MMDOS data, applying GEI-based posture 

recognition with 95.34% ± 2.85% accuracy. Its main 

challenge was distinguishing similar exercises. 

Finally, the 2023 project “Detection of 3D Human Posture 

Based on Improved Mediapipe” tackled the limitations of 2D 

pose detection by enhancing Mediapipe's algorithms using 

video data of standard motions performed by athletes. It 

improved 2D posture accuracy from 75.42% to 96.28% and 

3D posture accuracy from 32.43% to 95.87%, though rapid 

joint movement, camera instability, and Z-axis detection 

accuracy remained problematic. 

 

5. Future Scope 

With developments in wearable technology, artificial 

intelligence, and machine learning, virtual fitness coaches 

have a bright future ahead of them, producing more 

individualized, easily accessible, and efficient training 

solutions. 

1. More Customization with AI and Machine Learning: 

With the use of machine learning algorithms, virtual 

coaches may provide highly personalized workout 

regimens that would change in real time in response to 

user input, health information, and objectives. In order to 

give individualized coaching and flexible exercise 

regimens, AI can assist in analyzing a user's past 

performance, habits, and preferences. 

2. Integration of Wearable Technology: Virtual coaches 

can gather real-time health information like heart rate, 

calories burned, and movement accuracy through 

integration with wearables (smartwatches, fitness 

trackers), giving them immediate feedback and allowing 

them to make modifications. Coaches may be able to 

remotely observe players, make necessary adjustments, 

and potentially stop injuries by identifying poor form 

thanks to this interface. 

3. More User Involvement with Gamification: 

Achievement badges, challenges, and virtual awards are 

examples of gamified aspects that help maintain user 

motivation and engagement. Social features like 

leaderboards and group challenges could foster a 

positive atmosphere and increase commitment to fitness 

objectives. 

4. Real-time Feedback Using Computer Vision and Pose 

Estimation: Virtual coaches may now track a user's 

motions and provide real-time feedback on posture, 

technique, and workout form thanks to developments in 

computer vision 

5. (Pose Net, Open Pose), which lowers the chance of 

injury. Pose estimation may become more accessible and 

accurate in the future, even for usage at home using 

laptop or mobile cameras. 

6. Scalability and Sustainability: By eliminating the need 

for real gym locations, virtual fitness coaches help create 

a more sustainable fitness industry model. Users of 

various demographics, locations, and fitness levels can 

obtain high-quality coaching without being limited by 

cost or location because to scalability. 

7. Virtual fitness trainers have the potential to revolutionize 

the way individuals approach health and wellbeing on a 

daily basis by developing comprehensive, responsive, 

and easily available fitness solutions that can be tailored 

to each person's needs. 

 

6. Conclusion 

To sum up, virtual fitness coaches are revolutionizing the 

way that people approach their own health and fitness by 

providing widely available, interactive, and individually 

tailored advice. Virtual coaching now offers more precise, 

real-time feedback thanks to the quick advancements in 

artificial intelligence, wearable technology, and computer 
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vision. This helps users measure their progress, maintain 

good form, and avoid injuries. By combining telehealth 

capabilities, mental health assistance, and immersive AR/VR 

experiences, customers can get a complete, interesting, and 

all-encompassing wellness solution. 

With the help of gamified components and data-driven 

insights, virtual fitness instructors may be tailored to a variety 

of demographics, including novices, seniors, and people 

undergoing rehabilitation, all while promoting long-term 

motivation. This adaptability and scalability guarantee a time 

in the future when exercise advice is customized to each 

user's particular journey in addition to being practical and 

reasonably priced. Virtual fitness trainers are a promising tool 

that can help people all over the world adopt healthy lifestyles 

by promoting inclusivity and innovation in wellness. 
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