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Abstract: The Smart Gym Trainer using Human Pose Estimation is an AI-based fitness monitoring system designed to analyze 

body movements during workouts using computer vision techniques. The system captures live video input and detects key body 

joints using pose estimation models such as MediaPipe or OpenPose. It evaluates posture accuracy, counts exercise repetitions, 

and provides real-time corrective feedback to users. Unlike traditional gym training methods that rely on manual supervision or 

wearable devices, the proposed system offers a cost-effective, non-intrusive, and intelligent solution for posture monitoring and 

injury prevention. The system enhances workout efficiency, ensures exercise correctness, and makes professional fitness guidance 

accessible to a wider audience. 

Index Terms - Human Pose Estimation, Smart Gym Trainer, Computer Vision, MediaPipe, OpenPose, Real-Time Feedback, 

Exercise Monitoring, Artificial Intelligence 

I. INTRODUCTION 

Physical fitness plays a vital role in maintaining overall health and well-being. However, incorrect exercise posture during 

workouts may lead to reduced effectiveness and increased risk of injury. Traditional gym environments often depend on manual 

supervision by trainers, which may not provide continuous monitoring for every individual. 

The Smart Gym Trainer system leverages artificial intelligence and computer vision to automatically analyze workout 

movements in real time. By detecting body joints and calculating joint angles, the system evaluates posture correctness and provides 

immediate feedback. This approach eliminates the need for wearable devices while ensuring accurate and efficient monitoring of 

exercises. 

II. EASE OF USE 

A. Deployment and Integration 

The Smart Gym Trainer system is designed for easy deployment within existing fitness environments without requiring complex 

hardware modifications. The system integrates seamlessly with standard cameras, personal computers, mobile devices, and gym 

display systems using common software interfaces and computer vision libraries. 

The framework utilizes widely available technologies such as Python, OpenCV, and pose estimation models (e.g., MediaPipe 

or OpenPose), enabling straightforward installation and configuration. It does not require wearable sensors, specialized tracking 

equipment, or high-end hardware, making it accessible and cost-effective. 

The system supports deployment in multiple environments, including: 

• Home workout setups 

• Commercial gym facilities 

• Rehabilitation centers 

• Cloud-based fitness platforms 
Live video input is captured through a standard webcam or mobile camera and processed in real time. Exercise posture data is 

analyzed instantly, allowing continuous monitoring and correction during workouts without interrupting the user's routine. 

B. Maintaining System Integrity 

The Smart Gym Trainer operates as an independent monitoring layer that does not interfere with other applications or gym 

equipment. All posture analysis and performance evaluation are performed using captured video input without modifying existing 

workout infrastructure. 

The system processes skeletal keypoints and joint angles locally or through secure cloud processing, ensuring stability and 

minimal resource consumption. Since the solution is non-invasive and camera-based, it preserves user comfort and system 

simplicity. 

The framework continuously analyzes movement patterns, calculates posture accuracy metrics, and generates real-time feedback 

along with repetition counts. This enables users to assess workout effectiveness and identify posture deviations without manual 

supervision. 

By maintaining operational independence and providing automated analysis, the system ensures stable performance while 

enhancing exercise safety, efficiency, and reliability. 
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III. SYSTEM DATA PREPARATION AND PROCESSING 

Before posture evaluation and correction can be performed, exercise video data must be captured, processed, and structured 

appropriately. The Smart Gym Trainer system collects live video input from a standard webcam or mobile camera during user 

workouts. The captured video stream contains continuous image frames that represent body movements and exercise activities. 

Each video frame is processed using a human pose estimation model such as MediaPipe or OpenPose to detect key body joints. 

The pose detection module extracts skeletal keypoints including shoulders, elbows, wrists, hips, knees, and ankles. These keypoints 

contain coordinate information representing the spatial position of joints within the frame. 

A. Abbreviations and Acronyms 

 
TABLE I. List of Abbreviations and Acronyms 

Acronym Definition 

AI Artificial Intelligence 

CV Computer Vision 

HPE Human Pose Estimation 

UI User Interface 

FPS Frames Per Second 

DL Deep Learning 

ML Machine Learning 

API Application Programming Interface 

EPS Exercise Performance Score 

 

B. Reliability Metrics and Measurement Units 

GymMate AI evaluates exercise performance and posture correctness using computational performance metrics. All evaluation 

values are expressed using normalized numerical scores ranging from 0 to 100. 

Posture Accuracy Score (P): Measures the deviation between the user's current joint angles and predefined reference posture 

angles for a specific exercise. 

• Higher values (close to 100) indicate correct posture alignment. 

• Lower values indicate improper joint positioning and posture errors. 

• Helps detect incorrect form during exercises such as squats, push-ups, and lunges. 

Movement Consistency Score (M): Represents the stability and smoothness of body movement across multiple repetitions. 

• Higher values indicate consistent and controlled motion. 

• Lower values indicate unstable or inconsistent execution. 

• Useful for identifying improper rhythm or imbalance. 

Form Deviation Score (F): Measures the magnitude of deviation in joint angles and body alignment from ideal exercise 

templates. 

• Lower deviation results in higher normalized scores. 

• Detects misalignment in knees, elbows, back posture, and shoulder positioning. 
• Helps prevent injury-causing movement patterns. 

Repetition Accuracy Score (R): Represents the percentage of correctly performed repetitions during a workout session. 

• Calculated by validating each repetition against posture correctness thresholds. 

• Higher values indicate better overall exercise execution. 

• Enables performance tracking over time. 

 

EPS = Wₚ × P + Wₘ × M + W_f × F + Wᵣ × R 

https://ijnrd.org/
http://www.ijnrd.org/


 INTERNATIONAL JOURNAL OF NOVEL RESEARCH AND DEVELOPMENT (IJNRD) 
© 2026 IJNRD | Volume 11, Issue 4, April 2026 | ISSN: 2456-4184 | IJNRD.ORG 

 

IJNRD2604614 IJNRD - International Journal of Novel Research and Development (www.ijnrd.org)  

 

g117 

Where: EPS = Exercise Performance Score, P = Posture Accuracy Score, M = Movement Consistency Score, F = Form Stability 

Score, R = Repetition Accuracy Score, and Wₚ, Wₘ, W_f, Wᵣ = Weighting factors assigned to each metric, where Wₚ + Wₘ + W_f 

+ Wᵣ = 1. 

The weighting parameters can be predefined based on exercise type (e.g., squats prioritize knee and hip alignment, while push-

ups emphasize elbow and shoulder positioning), dynamically adjusted based on user fitness level (beginner, intermediate, or 

advanced), or modified according to workout goals (strength training may emphasize posture accuracy while endurance training 

may prioritize movement consistency). 

IV. SYSTEM IMPLEMENTATION AND DOCUMENTATION 

After the completion of system design and data preparation stages, GymMate AI is implemented as a real-time posture 

monitoring and feedback system integrated with camera-based video input infrastructure. The system operates as an intelligent 

computer vision layer that processes live exercise video streams and performs automated posture evaluation without requiring 

wearable devices or external sensors. 

The implementation consists of multiple functional modules, including pose detection, feature extraction, posture evaluation, 

repetition counting, and feedback generation. The system captures video frames through a webcam or mobile camera and processes 

them using a human pose estimation model such as MediaPipe or OpenPose. Detected skeletal keypoints are used to compute joint 

angles and body alignment parameters. 

A. Authors and Affiliations 

The authors of this research are affiliated with the Department of Information Technology, PPG Institute of Technology, Tamil 

Nadu, India. All authors share the same institutional affiliation, and therefore the affiliation is listed once for clarity and consistency. 

The author group consists of four contributors who participated in system design, implementation, data analysis, and documentation. 

B. System Component Headings 

Headings are used to organize the GymMate AI system into structured and logical sections. Major section headings such as 

Abstract, Performance Metrics, System Architecture, Data Processing, Implementation, Figures and Tables, Acknowledgment, and 

References provide structured documentation of the system. 

Sub-headings describe specific modules and operational components of the GymMate AI system, including: 

• Video Capture Module 

• Pose Detection Module 

• Feature Extraction Module 

• Joint Angle Computation Module 
• Posture Evaluation Engine 

• Repetition Counting Module 

• Exercise Performance Score (EPS) Calculation 

C. Figures and Tables 

Figures and tables are used to illustrate the system architecture, functional modules, data processing pipeline, and performance 

evaluation methodology of the GymMate AI framework. 

 

TABLE II. GymMate AI System Modules and Functions 

Module Function 

Video Capture Module Captures live exercise video stream from webcam or mobile camera for real-time 

analysis. 

Pose Detection Module Detects and tracks human skeletal keypoints using pose estimation algorithms such as 

MediaPipe or OpenPose. 

Feature Extraction Module Computes joint coordinates, joint angles, and body alignment parameters from detected 

keypoints. 

Posture Evaluation Engine Compares calculated joint angles with predefined reference posture templates to 

determine correctness. 

Movement Consistency Analyzer Evaluates smoothness, balance, and stability of motion across repetitions. 

Real-Time Feedback Module Generates instant visual or audio corrections for improper posture. 

 

V. CONCLUSION 

This paper presented GymMate AI – Smart Gym Trainer Using Human Pose Estimation, an intelligent framework designed to 

monitor, evaluate, and improve exercise posture in real time. Unlike traditional fitness applications that only track repetitions or 

workout duration, the proposed system introduces posture-centric performance evaluation using AI-based pose detection, joint-

angle computation, movement consistency analysis, and adaptive feedback mechanisms. 

The GymMate AI framework processes live video input through a pose estimation engine, extracts skeletal keypoints, analyzes 
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posture alignment against predefined reference models, and computes structured performance metrics. These metrics are aggregated 

into an Exercise Performance Score (EPS), which provides a measurable and normalized indicator of workout quality. The scoring 

mechanism incorporates weighted evaluation factors such as posture accuracy, movement consistency, form stability, and repetition 

accuracy to ensure comprehensive performance assessment. 
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