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Abstract- This literature review comprehensively analyzes 
recent advancements in AI-based posture correction systems 
for fitness and gym environments. The primary objective is to 
evaluate how artificial intelligence, particularly computer 
vision and pose estimation techniques, are revolutionizing 
personalized workout experiences. Key themes explored 
include the utilization of frameworks like OpenCV, MediaPipe, 
and YOLOv7-pose for real-time keypoint detection and joint 
angle calculation. The review highlights the crucial role of 
immediate, actionable feedback mechanisms—both visual and 
auditory—in enhancing exercise form, preventing injuries, and 
improving workout efficiency for users of all skill levels. 
Furthermore, it discusses system architecture, evaluation 
metrics, and challenges such as accuracy, latency, and 
adaptability. The synthesis demonstrates that these AI-driven 
solutions offer a scalable and accessible alternative to 
traditional human trainers, with significant potential for 
future integration with wearable devices, AR/VR platforms, 
and specialized rehabilitation applications. 
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1.INTRODUCTION  
 
The integration of artificial intelligence (AI) and computer 
vision in the fitness domain has garnered substantial 
attention, fundamentally transforming and enhancing 
workout experiences. Traditional fitness environments 
typically rely on human trainers for personalized            
feedback on exercise form and posture. However, the 
emergence of AIdriven solutions, particularly in pose 
estimation, presents an innovative alternative for real-time 
workout monitoring and correction. This technological shift 
is especially significant given the challenges individuals face, 
such as limited access to gyms, physical disabilities, social 
anxiety, or financial burdens associated with personal 
trainers. Maintaining correct posture during physical activity 
is paramount not only for maximizing workout benefits but 
also for reducing the risk of injuries like back pain or muscle 
strain. AI-powered systems can fill the void of personalized 
guidance, offering immediate, data-driven insights to 
improve user technique and ensure safer, more efficient 
training. This review aims to provide a comprehensive 

analysis of the current academic landscape concerning AI-
based posture correction in fitness and gym environments. It 
will delineate the core concepts, categorize prevalent 
thematic applications, compare diverse methodologies, and 
identify prospective research avenues. The subsequent 
sections will detail the evolution and definitions of key 
concepts, classify existing research into thematic categories, 
and critically assess the underlying algorithms and hardware 
integrations.  

2. LITERATURE SURVEY  

A. Evolution & Definitions The evolution of AI-driven 
fitness tracking systems marks a significant departure from 
traditional gym environments, which predominantly relied 
on human trainers for form correction and feedback. The 
burgeoning integration of artificial intelligence (AI) and 
computer vision has catalyzed the development of 
innovative solutions for personalizing and enhancing 
workout experiences. This progression has been supported 
by advancements in neural networks, including 
Convolutional Neural Networks  (CNNs)  and  Recurrent 
Neural Networks (RNNs), and the introduction of multi-
modal datasets specifically for workout activities. 
Researchershavealsofocusedonoptimizing algorithms and 
developing lightweight models to improve the efficiency of 
human  poseestimation techniques. Foundational  concepts 
central  to these systems include: 

• Pose Estimation: This is the process of identifying and 
tracking key points of the human body, such as joints and 
limbs, typically in real-time. Systems can detect either 17 key 
points, as seen in YOLOv7 and OpenPose, or 33 key points, as 
offered by MediaPipe.  

• Keypoint Detection: This refers to the application of 
computer vision techniques to precisely identify these 
specific anatomical points on the body.  

• Joint Tracking and Angle Calculation: Following 
keypoint detection, systems monitor joint movements and 
calculate angles between various body parts during 
exercises. These calculated angles are then compared against 
predefined ideal exercise models or thresholds to detect 
misalignments or errors in form.  

• Real-time Feedback: A critical component, this involves 
providing immediate corrective guidance to the user. This 
feedback can be visual, such as on-screen cues, or auditory, 
utilizing text-to-speech APIs.  
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• Workout Monitoring: The system analyzes live video 
feeds or pre-recorded sessions to detect postural deviations 
and subsequently guides the user to correct them.  

• Computer Vision: This broad field of AI enables machines 
to process, analyze, and understand visual information from 
the real world, forming the backbone of these posture 
correction systems.  

• AI Fitness Tracking: This encompasses the 
comprehensive application of AI-powered tools designed to 
enhance and optimize an individual's fitness journey, 
promoting better form, preventing injuries, and improving 
workout efficiency.  

B. Thematic Categories :The reviewed papers focus on 
computer vision and AI for real-time posture correction and 
exercise tracking in fitness. Key themes include:  

●Comprehensive AI Gym Trainer Systems: Papers by 
Suryawanshi et al. , Kaushik M et al. , and Bhamidipati et al. 
detail AI gym trainers using pose estimation for real-time 
feedback, error identification, and progress tracking, often 
with OpenCV and MediaPipe. They emphasize features like 
dynamic angle thresholds and robustness to varying 
conditions.  

• Real-time  Posture  Correction  and  
Performance Analysis: Kotte et al. propose a system using 
YOLOv7-pose for keypoint identification and topology-
oriented tracking, focusing on immediate feedback, 
performance analysis, and error classification based on 
configurable joint angle ranges.  

• Core Technology and Frameworks: All studies utilize 
prominent computer vision frameworks. OpenCV and 
MediaPipe are widely used for image processing and 
highfidelity real-time pose estimation, with MediaPipe 
detecting up to 33 key points. Comparative analysis by 
Bhamidipati et al. indicates MediaPipe's superior accuracy, 
FPS, and occlusion handling compared to YOLOv7, OpenPose, 
PoseNet, and MoveNet. Kotte et al. use YOLOv7-pose and 
leverage transfer learning.   

• Core Technology and Frameworks: All studies utilize 
prominent computer vision frameworks. OpenCV and 
MediaPipe are widely used for image processing and high-
fidelity real-time pose estimation, with MediaPipe detecting 
up to 33 key points. Comparative analysis by Bhamidipati et 
al. indicates MediaPipe's superior accuracy, FPS, and 
occlusion handling compared to YOLOv7, OpenPose, 
PoseNet, and MoveNet. Kotte et al. use YOLOv7-pose and 
leverage transfer learning. 

• Core Technology and Frameworks: All four papers 
critically rely on or discuss prominent computer vision 
frameworks. Suryawanshi et al. and Kaushik M et al. 
extensively use OpenCV for image processing and MediaPipe 

for high-fidelity real-time pose estimation. MediaPipe’s pre-
trained pose estimation model detects up to 33 key points, 
facilitating detailed understanding of user posture.  

• Bhamidipati et al. provide a comparative analysis, asserting 
that MediaPipe outperforms YOLOv7, OpenPose, PoseNet, 
and MoveNet in terms of keypoint detection (33 vs. 17), 
frames per second (FPS) on both CPU and GPU, and handling 
occlusions for single-object detection.  

• Kotte et al., conversely, leverage the YOLOv7pose model for 
keypoint detection, demonstrating its application in tracking 
body movements during exercises. Their work also 
highlights the use of transfer learning to avoid extensive 
model retraining.  

C. Methodologies: The methodologies employed across 
these studies predominantly center on computer vision and 
deep learning techniques for pose estimation and real-time 
feedback. Common to all approaches is the integration  of 
 video  capture,  landmark detection, joint angle 
calculation, and a feedback mechanism.  

• Suryawanshi et al. (from Gym Tracker System Using AI-
Driven Pose Estimation and  Real-Time  Exercise 
 Correction) describe a system primarily built on OpenCV 
and MediaPipe. Their methodology involves:  

• Data Acquisition: Capturing live or prerecorded workout 
videos via OpenCV.  

• Pose Detection: Utilizing MediaPipe's pretrained pose 
estimation model to detect 33 key points on the human body.  

• Keypoint Tracking and Angle Calculation: Monitoring 
joint movements and calculating angles between body parts.  

• Ideal Pose Model Definition: Establishing ideal joint 
angles and keypoint positions for various exercises (e.g., 
squats, push-ups, weightlifting).  

• Error Detection: Comparing the user's posture to the ideal 
model and flagging deviations beyond a predefined 
threshold.  

• Real-time Feedback: Generating visual cues on screen via 
OpenCV and optionally audio feedback through text-to-
speech APIs.  

• Evaluation  Metrics: The system's performance 
 was assessed using pose accuracy, feedback accuracy, and 
real-time performance, with usability tests and mparative 
analysis against existing apps. Results were visualized using 
Confusion Matrices and ROC curves for specific errors in 
bicep curls, planks, squats, and lunges, indicating effective 
error identification.  

• Kaushik M et al. (from AI-Based Posture Correction, 
Real-Time Exercise Tracking and Feedback using Pose 
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Estimation Technique) also propose an AI gym tracker app 
based on MediaPipe and OpenCV, with an emphasis on 
precise feedback. Their methodology includes:  

• Real-time Input and Processing: OpenCV is used for 
video capture, feeding frames to MediaPipe for accurate pose 
estimation and joint tracking.  

• Landmark Detection: MediaPipe identifies 33 human 
body landmarks.  

• Joint Angle and Distance Calculation: NumPy is 
leveraged for mathematical operations to determine angles 
between joints and distances between different joints, 
crucial for form correction.  

• Form Validation: The calculated angles and distances are 
compared against dynamic thresholds predefined for each 
exercise.  

• Feedback Mechanism: Real-time feedback, including 
specific suggestions for improvement, is projected onto the 
screen.  

• Core Exercises: The application calculates angles for curls, 
squats, pushups, and planks, which serve as a base for a 
wider range of exercises. The approach also includes a 
repetition counter.  

• Kotte et al. (from Real-Time Posture Correction in Gym 
Exercises: A Computer Vision-Based Approach for 
Performance Analysis, Error Classification and 
Feedback) present a computer vision-based approach using 
a distinct model for pose estimation.  

• Pose Detection: They employ the YOLOv7pose model to 
identify 17 human keypoints. ●Human Topology-Oriented 
Tracking: This procedure, combined with YOLOv7, tracks 
movements.  

• Joint Angle Calculation: A specific formula is utilized to 
calculate joint angles between three key points.  

• Performance  Analysis  and  Error  
Classification: Ideal joint angle ranges are defined 
(configurable as hyperparameters), and participant angles 
are tracked and compared to a "ground-truth pose" for 
correctness assessment.  

• Feedback Provision: Immediate feedback is delivered to 
rectify posture, with user studies indicating a preference for 
visible skeleton overlays highlighting specific incorrect body 
parts. Audio feedback is a planned future enhancement.  

• Model Optimization: The research capitalizes on transfer 
learning techniques to avoid extensive model retraining.  

• Evaluation: The method was benchmarked against 
professional fitness videos and evaluated with inexperienced 
participants, showing positive reactions.  

• Bhamidipati et al. (from Robust Intelligent Posture 
Estimation for an AI Gym Trainer using Mediapipe and 
OpenCV) focus on a Robust Intelligent Posture Estimation 
system.  

• Core Frameworks: Similar to the first two papers, they 
integrate MediaPipe for detecting 33 human body landmarks 
and OpenCV for image/video processing and angle 
calculation. NumPy is also used for trigonometric 
computations.  

• Pipeline: The system captures video, passes it through 
MediaPipe for landmark detection, then uses OpenCV to 
calculate angles, providing real-time feedback and corrective 
measures.  

• Use Case: Demonstrated specifically with a bicep curl 
counter, where angle thresholds define  "up"  and 
 "down"  positions  for repetition tracking.  

• Comparative Analysis: A significant part of their 
 methodology involves  comparingMediaPipe's  erformance 
 against  other prominent frameworks like YOLOv7, 
OpenPose, PoseNet, and  MoveNet. They conclude that 
MediaPipe offers superior accuracy and higher Frames Per 
Second (FPS) on both CPU and GPU for single object 
detection, along  with better occlusion handling and a higher 
keypoint count (33 vs. 17). The system achieved an "average 
visibility (accuracy) of 90%" for landmark detection.  

3. CRITICAL ANALYSIS   

The four papers collectively explore the development of AI-
driven gym tracker systems leveraging computer vision 
techniques for real-time posture estimation and exercise 
correction. While sharing a common goal, they exhibit 
differences in their core framework design choices, specific 
data inputs, reported performance metrics, and approaches 
to usability, alongside overlapping themes and identified 
gaps.  

A. Framework Design Differences  

• Three papers, "Gym Tracker System Using AI-Driven Pose 
Estimation and Real-Time Exercise  Correction", 
 "AI-Based  Posture Correction, Real-Time Exercise 
Tracking and Feedback using Pose Estimation Technique", 
and "Robust Intelligent Posture Estimation for an AI Gym 
Trainer using Mediapipe and OpenCV", primarily build their 
systems on OpenCV and MediaPipe. MediaPipe is chosen for 
its high-fidelity, real-time pose estimation and its ability to 
detect 33 key points on the human body. OpenCV supports 
image processing and video capture. "AI-Based Posture 
Correction, Real-Time Exercise Tracking and Feedback using 
Pose Estimation Technique" further emphasizes a unique 
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method using dynamic angle thresholds and joint distance 
computations, supported by NumPy for mathematical 
operations. "Robust Intelligent Posture Estimation for an AI 
Gym Trainer using Mediapipe and OpenCV" specifically 
highlights MediaPipe's robustness to occlusions and 
background clutter.  

• In contrast, "Real-Time Posture Correction in Gym 
Exercises: A Computer Vision-Based Approach for 
Performance Analysis, Error Classification and Feedback" 
utilizes the  
YOLOv7-pose model for keypoint identification and a human 
topology-oriented tracking procedure, employing a 17-
keypoint pose topology. This paper also leverages transfer 
learning techniques to avoid extensive model retraining.  

B. System Accuracy and Performance Metrics  

• "Gym Tracker System Using AI-Driven Pose Estimation and 
Real-Time Exercise Correction" evaluates accuracy through 
confusion matrices and ROC curves for specific exercises like 
bicep curls, planks, squats, and lunges, demonstrating high 
numbers of correct classifications and minimal 
misclassifications. It also provides a detailed performance 
summary table showing metrics like accuracy (e.g., 83.33% 
for push-ups and squats), precision, recall (e.g., 100% for 
pushups and squats), and F1-score for various exercises.  

• "AI-Based Posture Correction, Real-Time Exercise Tracking 
and Feedback using Pose Estimation Technique" broadly 
states "exceptional performance, showcasing precise 
detection of joints and accurate angle measurement" and 
affirms the system's "effectiveness and precision". While it 
highlights effective identification and correction of errors in 
hand curls and squats visually, it does not provide specific 
numerical accuracy percentages or frames per second (FPS) 
benchmarks in the provided excerpts.  

• "Real-Time Posture Correction in Gym Exercises: A 
Computer Vision-Based Approach for Performance Analysis, 
Error Classification and Feedback" reports "promising" 
initial results and "positive reaction from the participants" 
during evaluation against professional fitness videos and five 
inexperienced participants. It illustrates performance 
tracking through angle variations over time but, similar to 
the above, lacks explicit numerical performance benchmarks 
like accuracy percentages or FPS.  

• "Robust Intelligent Posture Estimation for an AI Gym 
Trainer using Mediapipe and OpenCV" offers a direct 
comparative analysis of MediaPipe against other models. It 
claims MediaPipe yields "more accurate" results than 
YOLOv7 in single object detection and boasts significantly 
higher frame rates: ~30 FPS on CPU vs. YOLOv7's ~10 FPS, 
and ~80 FPS on GPU vs. YOLOv7's ~10 FPS. It also states 
MediaPipe is better designed for handling tracking in 
overlapping cases compared to OpenPose, and while 
PoseNet/MoveNet can reach ~50 FPS, MediaPipe can 

achieve ~70 FPS on a GPU with more key points. The system 
achieved an "average accuracy  
(visibility) of 90%" for landmark detection.  

C. Data Inputs  

• All systems primarily use video feeds, either live (webcam) 
or pre-recorded.  

• "Gym Tracker System Using AI-Driven Pose Estimation and 
Real-Time Exercise  
Correction" and "Robust Intelligent Posture Estimation for 
an AI Gym Trainer using Mediapipe and OpenCV" mention 
collecting diverse workout videos from different users and 
variations in lighting, camera angles, and postures to ensure 
robustness.  

• "Real-Time Posture Correction in Gym Exercises: A 
Computer Vision-Based Approach for Performance Analysis, 
Error Classification and Feedback" highlights benchmarking 
against "live expert demonstrations or recorded video 
content" and "professional fitness videos", although its GUI 
prototype's live webcam integration is "still in development".  

D. Usability  

• All papers emphasize accessibility and user benefit. "Gym 
Tracker System Using AI-Driven Pose Estimation and Real-
Time Exercise  
Correction" aims for effectiveness for "users of all skill 
levels" and conducted user testing to evaluate feedback 
relevance.  

• "AI-Based Posture Correction, Real-Time Exercise Tracking 
and Feedback using Pose Estimation Technique" targets 
individuals exercising at home, those with disabilities, or 
social anxiety, offering personalized suggestions.  

• "Real-Time Posture Correction in Gym Exercises: A 
Computer Vision-Based Approach for Performance Analysis, 
Error Classification and Feedback" notes a "positive reaction 
from the participants" and a user-centric GUI design, with 
users preferring visible skeleton overlays and highlighting of 
specific incorrect body parts. Future plans include audio 
feedback.  

• "Robust Intelligent Posture Estimation for an AI Gym 
Trainer using Mediapipe and OpenCV" provides real-time 
feedback and suggests corrective measures.  

E. Overlapping Research Themes The core overlapping 
theme is the application of AI and computer vision for 
real-time posture estimation and exercise correction to 
enhance workout experiences and prevent injuries. All 
systems aim to provide immediate feedback, often 
through visual and/or auditory cues. The concept of joint 
angle calculation from detected key points is fundamental 
across all approaches. Repetition counting is also a shared 
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application. The ultimate goal across papers is to 
personalize fitness training and make it more accessible, 
particularly for home workouts, mimicking the role of a 
personal trainer.  

F. Contradictions and Gaps  

• Core Pose Estimation Model: A notable contradiction lies 
in the choice of the primary pose estimation model. While 
three papers converge on MediaPipe for its purported 
accuracy and 33 key points, "Real-Time Posture Correction 
in Gym Exercises: A Computer Vision-Based Approach for  
Performance Analysis, Error Classification and Feedback" 
uses YOLOv7-pose (17 key points). "Robust Intelligent 
Posture Estimation for an AI Gym Trainer using Mediapipe 
and OpenCV" explicitly states MediaPipe's superiority over 
YOLOv7 in terms of accuracy for single object detection, 
keypoint count, and FPS.  

• 3D Pose Estimation: "Robust Intelligent Posture 
Estimation for an AI Gym Trainer using Mediapipe and 
OpenCV" mentions its pipeline estimates 3D pose and uses 
MPJPE for 3D pose accuracy. The other papers 
predominantly discuss 2D pose estimation, though "Gym 
Tracker System Using AI-Driven Pose Estimation and Real-
Time Exercise Correction" mentions "3D convolutional 
neural networks" as future work. This indicates a gap in 
consistently pursuing 3D accuracy.  

• Real-time Webcam Integration: "RealTime Posture 
Correction in Gym Exercises: A Computer Vision-Based 
Approach for  
Performance Analysis, Error Classification and Feedback" 
states that live webcam integration is "still in development" 
for its GUI, while the other papers present real-time 
processing from live feeds as a core and implemented 
functionality.  

• Dynamic Thresholds: Only "AI-Based Posture Correction, 
Real-Time Exercise Tracking and Feedback using Pose 
Estimation Technique" explicitly details the use of "dynamic 
angle thresholds and joint distance computations", 
suggesting a more nuanced approach to error detection 
compared to implied fixed thresholds in other systems.  

G. Inter-Paper Citations or Shared Tools While all 
papers extensively use or refer to OpenCV and/or MediaPipe 
(or YOLOv7 in one case), a review of the provided excerpts 
and their reference lists does not reveal any explicit direct 
citations between these four specific papers. This suggests 
they represent independent research efforts, potentially 
published concurrently or in different venues, without direct 
acknowledgment of each other within these provided texts. 
NumPy is also a shared tool mentioned for mathematical 
operations.  

 

 

H. What Remains Underexplored in the Domain  
 
• Advanced Exercise Diversity and  Complexity: Most 
systems are optimized for basic exercises like squats and 
bicep curls. Expanding support for more dynamic or 
compound movements (e.g., deadlifts, burpees) and sports-
specific training remains a significant area for futurework.  
• Personalization beyond Basic Adaptation: Truly 
adapting to a user's unique body type, fitness level, and 
individual biomechanics for tailored corrective instructions 
is still developing.   
• Multimodal Feedback Systems: While visual and audio 
cues are used, incorporating haptic feedback through 
wearable devices for more immediate and intuitive physical 
cues is a promising but underexplored avenue.  

• Holistic Data Integration: Combining pose estimation 
with data from wearable fitness trackers (e.g., heart rate, 
caloric burn, muscle activation) for a more comprehensive 
understanding of a workout is largely unexplored.  

• EnhancedReal-timePerformance with Edge Computing: 
Further reducing latency for high-intensity workouts by 
leveraging edge computing or more efficient algorithms is a 
continuous challenge.  

• Augmented and VirtualRealityIntegration: 
Revolutionizing the workout experience through AR overlays 
of correct poses or VR simulated gym environments is 
mentioned as future potential but not deeply explored.  
• Gamification and Social Features: While recognized for 
increasing user engagement, the detailed implementation 
and impact of gamification elements and social features are 
still emerging.  

• Applications in Physical Therapy and Rehabilitation: 
The significant potential of these systems for assisting 
individuals recovering from injuries is noted as a future 
application but is outside the primary focus of these papers.  

• Model Generalization and Robustness: Addressing intra-
class variability in movement patterns and inter-class 
similarity, as well as maintaining accuracy across diverse 
and uncontrolled environments (lighting, occlusions) for 
broader real-world applicability, is an ongoing challenge.  

• Long-term Progress Tracking and  Interpretation: 
While progress tracking is mentioned, in-depth analysis of 
long-term workout data to provide actionable insights and 
adapt training plans remains a detailed area for 
development.  

4. APPLICATIONS & CASE STUDIES   

The sources discuss several real-world implementation 
examples of AI gym tracker systems, primarily focusing on 
personalized workout guidance, form correction, and 
progress tracking.  
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A. AI-Powered Gym Tracker System (as proposed in 
"Gym Tracker System Using AIDriven Pose Estimation 
and Real-Time Exercise Correction")  

• Function: Monitors user movements during workouts, 
identifies common posture errors, provides immediate real-
time feedback to enhance form and prevent injury. It also 
tracks progress over time by storing and analyzing workout 
data. This system mimics the role of a personal trainer, 
making high-quality, individualized fitness training more 
accessible without in-person supervision. ●Technologies 
Used: AI-driven pose estimation, OpenCV (for image 
processing and visual feedback) and MediaPipe (for 
highfidelity real-time pose estimation and key point 
detection).  

• Performance Benchmarks: Demonstrated effectiveness 
in detecting "lean back" errors in bicep curls, various errors 
in planks, stages of basic squats, and "knee-over-toe" errors 
in lunges through high numbers of correct classifications in 
confusion matrices and strong ROC curves. Specific accuracy 
percentages are provided for various exercises: Push-up 
(Accuracy 83.33%, Recall 100%), Pull-up (Accuracy 
71.83%), Squat (Accuracy 83.33%, Recall 100%), Walk 
(Accuracy 85.45%), and Sit-up (Accuracy 67.7%). While real-
time performance is a metric, specific FPS or latency figures 
are not explicitly stated.  

●Potential Deployments: Scalable for integration into 
mobile applications, smart mirrors, or Virtual fitness 
platforms.  

B. AI-Powered Gym Tracker App (as proposed in "AI-
Based Posture Correction, Real-Time Exercise Tracking 
and Feedback using Pose Estimation Technique")  

• Function: Provides real-time pose estimation and joint 
angle calculation using a  

webcam feed, offering feedback on exercise form and an 
expanded rep count. It employs dynamic angle thresholds 
and joint distance computations to give precise feedback on 
user posture, providing personalized suggestions like 
adjusting hand position for curls or maintaining hip posture 
for planks.  

• Technologies Used: OpenCV (for video capture), 
MediaPipe (for real-time pose estimation and detecting 33 
key points), and NumPy (for joint angle calculations).  

• Performance Benchmarks: Visual parameters show 
"exceptional performance, showcasing precise detection of 
joints and accurate angle measurement". The system 
accurately captures and analyzes hand angles for curl 
exercises and scrutinizes leg position for squats, prompting 
corrective actions when deviations occur. The "combined 
results affirm the effectiveness and precision". Specific 

numerical performance benchmarks like accuracy 
percentages or FPS are not detailed in the provided excerpts.  

• Potential Deployments: Designed as an AI gym tracker 
app, with future work considering incorporation into various 
fitness apps.  

C. Computer Vision-Based Fitness Tutoring System (as 
proposed in "Real-Time Posture Correction in Gym 
Exercises: A Computer Vision-Based Approach for 
Performance Analysis, Error Classification and 
Feedback")  

• Function: Monitors performance and provides real-time 
feedback on posture during fitness exercises for instant self-
correction and motivation. It analyzes live expert 
demonstrations or recorded video content, identifies 
potentially dangerous practices, automates tasks like 
counting repetitions, and can introduce gamification. It 
focuses on identifying mistakes and generating helpful 
feedback for learners.  

• Technologies Used: Computer vision methods, YOLOv7-
pose model (for human keypoint detection), and a human 
topologyoriented tracking procedure. It also utilizes transfer 
learning techniques.  

• Performance Benchmarks: Benchmarked against 
professional fitness videos. Initial results were "promising," 
showing "potential usefulness and attractiveness". The GUI 
prototype  demonstrates  a  performance 
progress bar and a repetition counter. A user study indicated 
a "positive reaction from the participants". No explicit 
numerical accuracy or FPS values for the system are 
presented, though YOLO is generally known for its realtime 
capabilities.  

• Potential Deployments: An "innovative fitness tutoring 
system" with an evolving Graphical User Interface (GUI).  

D. Robust Intelligent Posture Estimation for an AI Gym 
Trainer (as proposed in "Robust Intelligent Posture 
Estimation for an AI Gym Trainer using Mediapipe and 
OpenCV")  

• Function: Provides accurate and robust posture 
estimation, real-time feedback, and suggests reparative 
measures to users. It also includes a repetition counter, 
demonstrated for bicep curls. Aims to help fitness 
enthusiasts improve their form and technique while 
reducing injury risk.  

• Technologies Used: MediaPipe (for human body landmark 
detection, up to 33 key points), and OpenCV (for calculating 
angles between landmarks and image/video processing). 
The system's pipeline is based on MediaPipe's human pose 
estimation.  
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• Performance Benchmarks: The system can "accurately 
estimate the posture of the user in different lighting 
conditions and is robust to occlusions and  background 
 clutter". It operates in real-time,  with MediaPipe achieving 
~30 FPS on CPU and ~80 FPS on GPU. It demonstrates an 
"average accuracy (visibility) of 90%" for landmark 
detection. The curl counter successfully increments based on 
elbow angle changes. It was tested on exercises such as 
squats, push-ups, and lunges.  

• Potential Deployments: Can be deployed as an AI Gym 
Trainer.  

5. CHALLENGES AND FUTURE DIRECTIONS   

Current AI-driven gym tracker systems show immense 
promise, but several limitations persist, paving the way for 
future research and design improvements.  

A. Major Limitations in Current Systems  
• Technical Challenges:  

• Accuracy of Pose Detection and Generalization: 

While significant strides have been made, achieving 
consistently high accuracy, especially in complex, dynamic, 
or compound movements (e.g., deadlifts, burpees), remains a 
challenge. Models also need to generalize better to various 
movement patterns within a class (intra-class variability) 
and differentiate between similar movements (inter-class 
similarity).  

• Real-time Processing and Latency:  
Although current systems achieve good frame rates, the 
demand for truly instantaneous feedback during fast-paced 
or high-intensity workouts requires further optimization 
through edge computing or more efficient algorithms to 
reduce latency.  

• Adaptability and Personalization: Current feedback 
often relies on predefined ideal models. A major limitation is 
the lack of deep personalization that adapts to individual 
biomechanics, unique body types, fitness levels, and real-
time physiological states (e.g., fatigue).  

• Robustness to Environmental Factors: While some 
systems claim robustness, maintaining high accuracy across 
varied lighting conditions, camera angles, occlusions, and 
background clutter remains a general technical  challenge 
 for widespread deployment.  

B. Organizational Challenges:  

• Cost of Development and Deployment:  
Although AI solutions can reduce the need for human 
trainers, the initial development of sophisticated AI models 
and integration with hardware can be costly. While not 
explicitly detailed, the cost and practicality of augmented 
reality solutions are highlighted as limitations.  

• Deployment Scalability and Integration: While 
scalability to mobile apps, smart mirrors, and virtual 
platforms is envisioned, the actual seamless integration and  
optimization across diverse devices and cloudbased 
infrastructures require significant engineering effort.  

• Training Datasets: Developing robust models necessitates 
extensive data collection and training. Obtaining diverse, 
high-quality, and labeled datasets for all possible exercises 
and user variations is resource-intensive and can lead to 
issues like class imbalance, affecting model performance.  

C. Ethical/Regulatory Challenges:  

• The provided sources do not explicitly discuss ethical or 
regulatory concerns such as privacy, potential for 
misdiagnosis/incorrect feedback leading to injury, or data 
ownership. These are critical considerations for the broad 
adoption and responsible deployment of AI fitness 
technologies, which would require independent verification 
outside these sources.  

B. Novel Research Questions or Design Improvements  

1. Adaptive,MultimodalFeedback with Biofeedback 
Integration:  

Research Question: How can AI gym trackers implement 
advanced machine learning algorithms that dynamically 
learn and adapt to an individual user's unique biomechanics 
and fatigue levels (e.g., integrating heart rate variability or 
muscle activation data from wearables), delivering 
personalized corrective instructions through a multimodal 
feedback system combining visual overlays, auditory cues, 
and haptic feedback (e.g., vibrations from wearables) for 
more intuitive and effective real-time correction?   

• Design Improvement: Develop a closedloop adaptive 
system that continuously refines ideal pose models based on 
individual progress and physiological responses, offering 
haptic signals for immediate physical guidance during 
deviations, thereby moving beyond generic corrections.  

2. Robust Generalization for Complex Movements in 
Uncontrolled Environments:  

●Research Question: What novel deep learning 
architectures (e.g., advanced 3D Convolutional Neural 
Networks, Transformer based models) and data 
augmentation strategies are most effective in extending 
highly accurate pose estimation and form correction to a 
vastly wider range of complex, dynamic, and compound 
exercises (e.g., Olympic lifts, gymnastics movements), 
ensuring robust performance across diverse, uncontrolled 
real-world environments with varying lighting, partial 
occlusions, and nonoptimal camera angles, while 
maintaining ultra-low latency on consumer-grade edge 
devices?   
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• Design Improvement: Focus on creating a synthetic data 
generation pipeline that simulates diverse real-world 
conditions and complex movement variations, combined 
with efficient model quantization and deployment  strategies 
for optimized performance on mobile and embedded 
systems, enabling truly ubiquitous access 

2. Gamified, Social, and Explainable AI for Long-term 
Engagement and    Trust:  
• Research Question: How can AI gym tracker systems 
integrate advanced gamification elements and social features 
(e.g., collaborative challenges, progress sharing with AI-
driven insights) with Explainable AI (XAI) techniques to not 
only significantly boost user motivation and long-term 
adherence to fitness goals but also provide transparent, 
interpretable explanations for why specific posture 
corrections are needed, fostering user trust, deeper 
understanding of biomechanics, and improved self-
correction capabilities?   

• Design Improvement: Design a user interface that, upon 
detecting an error, can visually highlight not just the 
incorrect body part but also render a "ghost" image of the 
ideal pose alongside the user's current pose, coupled with 
on-screen text or audio explanations detailing the 
biomechanical consequence of the error and the benefit of 
the correction (e.g., "Straighten your back to protect your 
spine"). Incorporate league tables or team challenges based 
on consistency in form improvement rather than just rep 
counts. 

 6. CONCLUSION   

There viewed papers collectively highlight the 
transformative potential of artificial intelligence (AI) and 
computer vision in revolutionizing fitness and physical 
training, particularly through AI-driven pose estimation and 
real-time exercise correction. A primary insight gained is the 
effectiveness of these systems in monitoring user 
movements, identifying common posture errors, and 
providing immediate, corrective feedback. This capability is 
crucial for enhancing exercise form, preventing injuries, and 
improving workout efficiency. The core of these systems 
relies on sophisticated computer vision techniques, 
predominantly utilizing OpenCV and MediaPipe for keypoint 
detection and tracking. MediaPipe, a framework by Google, is 
particularly noted for its high-fidelity real-time pose 
estimation, detecting up to 33 key points on the human body. 
The systems analyze live video feeds, map users' skeletal 
structures, and compare them to predefined ideal exercise 
models. By calculating joint angles and assessing the 
distance between various body parts, they can detect 
deviations from correct form. Feedback, often visual or 
auditory, guides users to make real-time adjustments. The 
research also explored the utility of other models like 
YOLOv7-pose, demonstrating how transfer learning 
techniques can optimize model performance without 
extensive retraining. Comparisons show that MediaPipe 

often outperforms other frameworks like YOLO, OpenPose, 
PoseNet, and MoveNet in terms of accuracy for single-object 
detection and realtime performance on lower-resolution 
inputs. The relevance of AI in posture correction is 
profoundly reaffirmed, addressing significant challenges in 
traditional fitness environments, such as the reliance on 
human trainers and limited access to personalized guidance. 
These AI-driven solutions offer an innovative and accessible 
alternative, making high-quality, individualized fitness 
training readily available.  

The emerging impact on fitness technology is multifaceted:  

• Business Implications: AI gym trackers open up new 
market segments for fitness applications, smart mirrors, and 
virtual fitness platforms, providing avenues for subscription 
based models and personalized coaching services. The ability 
to track progress over time by storing and analyzing 
workout data also creates opportunities for premium 
features and deeper user engagement.  

• Societal Implications: These systems democratize access 
to expert fitness guidance, overcoming barriers such as 
financial constraints, lack of access to gym facilities, physical 
disabilities, and social anxiety. By preventing injuries and 
promoting correct form, they contribute significantly to 
public health and overall well-being, allowing individuals to 
maintain consistent fitness regimens at home.  

• Healthcare Implications: Beyond general fitness, AI-
powered posture correction has significant potential in 
physical therapy and rehabilitation. By precisely tracking 
and correcting movements, the system can assist individuals 
recovering from injuries, ensuring exercises are performed 
correctly to aid recovery and prevent re-injury.  

Looking ahead, a short vision for future progress in smart 
fitness systems includes a move towards highly 
personalized, adaptive, and immersive training experiences. 
This involves:  

• Integrating advanced deep learning models (e.g., 
transformers, 3D CNNs) for even greater accuracy in 
complex movements.  

• Expanding support for a wider and more complex range of 
exercises, including dynamic and compound movements, and 
sports specific training.  

• Developing hyper-personalized feedback that adapts to 
individual biomechanics, body types, and fitness levels.  

• Seamless integration with wearable devices to provide a 
holistic understanding of workouts, incorporating biometric 
data like heart rate and caloric burn.  

• Implementing advanced feedback systems, such as haptic 
feedback or augmented reality (AR)/virtual reality (VR) 
overlays, for more intuitive and immediate corrections.  
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• Further optimizing for enhanced real-time performance 
and cloud-based processing for greater accessibility and 
long-term data analysis.  

• Incorporating gamification and social features to boost 
user engagement and adherence to fitness goals.  

Ultimately, these advancements will lead to smart fitness 
systems that are not only highly effective in form correction 
and progress tracking but also deeply engaging, accessible, 
and integral to preventive healthcare and rehabilitation.  
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