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Abstract—Maintaining fitness and adopting a healthy
lifestyle are essential goals, yet individuals often face
challenges due to the lack of personalized guidance
and motivation. To address this, the proposed Al
Fitness Tracker leverages advanced technologies like
Media pipe for real-time and accurate pose
estimation, OpenCYV for video processing, and Tkinter
for a user-friendly graphical interface. This system is
designed to automatically recognize and count
exercises, providing precise feedback to ensure proper
form and reduce the risk of injuries. The integration
of Mediapipe and OpenCV enables seamless tracking
of body movements, making the system highly reliable
for detecting various exercise postures. Tkinter serves
as the interface, allowing users to interact effortlessly
with the application, track their progress, and set
fitness goals. This Al-powered solution demonstrates
robust performance in exercise recognition and
counting, offering a practical and accessible approach
to fitness monitoring. By delivering real-time
feedback and an intuitive experience, the Al Fitness
Tracker empowers users to maintain an active and
healthy lifestyle, promoting fitness accessibility for all.

Index Terms—AlFitnessTracker, Solar MediaPipe,
OpenCYV, Video processing, Tkinter, User interface.

1. INTRODUCTION

The Al Fitness Trainer represents a groundbreaking
step in the intersection of artificial intelligence,
computer vision, and fitness technology. This
innovative system is designed to address common
challenges faced by individuals who aim to
monitor, analyze, and improve the user’s exercise
performance real-time,  providing a
transformative alternative to traditional fitness
coaching.
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At the heart of this project lies the integration of
cutting-edge tools like Mediapipe and OpenCV,
which enable real-time pose estimation and motion
analysis. By detecting and tracking 33 key skeletal
landmarks, the system evaluates the user’s posture,
calculates critical joint angles, and identifies
movement patterns. Such precision allows the Al
Fitness Trainer to detect deviations from correct
measuring  that perform
movements safely and efficiently. This feature is

crucial for preventing

exercise for users

Injuries maximizing the effectiveness of work out
particularly for the individuals without direct access
to professional trainers. The motivation for
developing this system stems from the growing
global emphasis on health and fitness, coupled with
the increasing shift towards at-home workouts
driven by the COVID-19 pandemic and the rise of
digital fitness solutions. Traditional fitness routines
often lack real-time guidance, leading to suboptimal
results and potential injuries. The Al Fitness Trainer
fills this gap by offering a virtual coaching
experience that adapts to the wuser’s unique
requirements. It provides real-time feedback
through visual overlays and textual cues, enabling
users to correct their form instantly. Accessibility
and user engagement are also central to the design
of the AI Fitness Trainer. Its user interface is
intuitive and non-technical, making it suitable for
individuals of varying age groups and technical
expertise. The system supports a wide range of
exercises, from squats and push-ups to advanced
movements, ensuring its adaptability to diverse
fitness levels and goals. As fitness technology
evolves, the Al Fitness Trainer stands out by
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blending scalability, precision, and user-centric
design. Its modular architecture ensures that new
exercises and features can be seamlessly integrated,
keeping the system relevant and future-proof. By
combining real-time feedback, personalized
analytics, and an engaging user experience, the Al
Fitness Trainer not only democratizes access to
effective workout guidance but also sets a new
standard for how fitness technology can empower
individuals to achieve their health goals.

1.1 OBJECTIVES

The Al Fitness Trainer project aims to revolutionize
fitness training by leveraging advanced Al
technologies to deliver an interactive and efficient
workout experience. At its core, the system
integrates  real-time pose detection using
Mediapipe, enabling the accurate identification and
analysis of the body’s skeletal Istructure. The
system monitors 33keypoints, encompassing
essential joints and landmarks, to ensure precise
tracking of movements. This capability is crucial
for exercise monitoring, ensuring users maintain
proper form and maximize workout efficiency. A
robust feedback mechanism forms the backbone of
the project, offering immediate corrections and
encouragement. Through visual overlays and
textual annotations, the system highlights incorrect
postures, provides actionable suggestions for
improvement, and even delivers motivational cues
to keep users engaged. This instant feedback is
instrumental in helping users refine their
techniques, ensuring a safe and effective workout
experience.

Scalability and adaptability are also critical
considerations for the project. The system is
architected with a modular design, allowing for the
seamless addition of new exercise types and
features. This adaptability extends to a wide range
of fitness activities, including squats, push-ups, and
jumping jacks, ensuring the platform remain
relevant to varied user needs. Finally, the project
prioritizes promoting safe workouts by enforcing
proper posture and form through real-time
corrections. By helping users avoid injuries, the Al
Fitness Trainer ensures that fitness routines are not
only effective but also sustainable in the long term.
1.2 BACKGROUND AND SURVEY
BACKGROUND
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The Al Fitness Trainer is situated at the confluence
of artificial intelligence, computer vision, and
fitness technology, offering a transformative
approach to exercise monitoring and guidance. The
rapid advancement of these technologies has
significantly  impacted numerous domains,
including healthcare, sports, and personal fitness.
This project draws on these innovations to address
the challenges of conventional fitness routines and
capitalize on the growing demand for digital and at-
home fitness solutions.

Evolution of Fitness Technology

Traditionally, fitness training has relied heavily on
human supervision to ensure proper technique,
injury prevention, and optimized results. While
effective, this approach can be expensive and
logistically challenging for many individuals. The
emergence of wearable fitness devices, mobile
apps, and Al-powered tools has revolutionized this
space, democratizing access to professional-grade
guidance. Systems such as Fitbit, Apple Health, and
Peloton have popularized technology-driven fitness
solutions by providing users with performance
insights and virtual coaching. systems rely on
indirect measures such as heart rate, step counts, or
activity recognition from wearable sensors.

Role of Computer Vision in Fitness

Computer vision has emerged as a powerful tool for
understanding human movements and postures. The
introduction of pose estimation frameworks like
Media pipe has simplified the process of identifying
skeletal landmarks and analysing motion patterns in
real-time. Media pipe’s pose detection model can
identify 33 key body points, including joints and
extremities, which are essential for assessing
exercise form. When combined with preprocessing
tools like OpenCV, these technologies enable the
detection and correction of improper movements,
ensuring a safer and more effective workout
experience.

By tracking movements through video input,
computer vision

bypasses the need for physical sensors or
wearables. This makes it accessible and adaptable
to a wide range of users, regardless of their fitness
environment or technical expertise. Furthermore,
this approach enhances user engagement by
overlaying visual feedback directly on live video
streams, offering a more immersive experience.
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2. LITERATURE SURVEY

Aspect Description
Pose Studies and frameworks for
Estimation detecting and analyzing human

skeletal key points for posture
and movement tracking.
Computer Use of OpenCV and other tools
Vision for
preprocessing, color
adjustment, noise reduction.

Real-Time Approaches for providing
Feedback immediate visual and textual
feedback to users during
exercise
Exercise Application of machine
Evaluation learning and Al to personalize
fitness routines and provide
adaptive suggestions.
User Strategies to improve user
Engagement experience with intuitive
interfaces motivational
feedback
At-Home Analysis of the growing trend
Fitness of at-home fitness solutions

driven by digital technologies.

2.1 PROPOSED SYSTEM ARCHITECTURE
Block Diagram Description:

The system architecture of the Al fitness tracker
project is divided into the following modules:

Input Module
» Captures live video feed from the user's
camera.

» Processes video frames for further analysis.

Preprocessing Module

» Uses OpenCV for frame manipulation,
resizing, and color adjustments.

» Prepares data for pose detection by converting
frames into the required format.

Pose Detection Module

» Employs Media pipe for real-time pose
detection and extracting body keypoints.

» Identifies and tracks skeletal landmarks such as
joints and angles.

Analysis Module

IJIRT 181504

» Uses NumPy to calculate angles, distances, and
movement patterns based on detected
keypoints.

»  Evaluates exercise performance metrics (e.g.,
squat depth, form accuracy).

Data Recording Module

» Utilizes Pandas for structured storage of
performance data such as repetition count.

» Supports exporting data for later review and
analysis.

Output Module

» Shows the processed video with pose
landmarks and feedback annotations

Live feed or video input

!

Preprocessing Module

|
v

Pose Detection Module

!

Analysis Module

l

Feedback Module

l

Outputvideo Screen

Block Diagram of Al Fitness Tracker

2.2. Working Methodology

The Al Gym Trainer employs a structured
workflow to provide real-time exercise monitoring
and feedback. It starts with input capture, where the
system uses a webcam or external camera to stream
live video of the user’s workout. This video acts as
the foundation for subsequent analysis. The
captured frames undergo preprocessing using
OpenCV, which includes resizing frames to fit the
resolution requirements of the pose estimation
model, applying filters

to reduce noise forimproved accuracy, and
converting images to RGB format if required by
Mediapipe. In the pose detection phase,
Mediapipe’s pose estimation model identifies 33
body keypoints, such as elbows, shoulders, knees,
and hips, and maps these points to form a skeletal
overlay visible in real-time. This skeletal
representation enables precise tracking of the user’s
movements. During the data analysis stage, the
detected keypoints are processed using NumPy to
calculate joint angles, such as knee flexion, which
helps ensure the user maintains proper exercise
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form. Movements are tracked by monitoring

keypoint position changes, and these movements

are compared against predefined thresholds to

assess correctness. The system provides a feedback

mechanism to guide the user in real-time. Visual

annotations, like color-coded markers, indicate

whether the user is actively performing an exercise

or resting (e.g., green for active, red for rest).

Additionally, text-based feedback, such as

repetition counts and 7 activity status, is displayed

on the screen to keep the user informed. In the data

recording phase, performance metrics, such as the

total count of repetitions, are logged using Pandas,

ensuring the data is stored in a scalable and

structured format. Finally, the output display

presents the processed video with skeletal overlays,

real-time feedback, and a summary of the user’s

performance, creating an engaging and informative

workout experience.

2.4. System Details

2.4.1. Software

Programming Language

» Python 3.8 or above for compatibility with
libraries like Mediapipe and OpenCV

Libraries and Frameworks

» OpenCV: Processes video frames for resizing,
filtering, and visualization.

» Mediapipe: Detects skeletal landmarks and
provides real-time pose tracking.

» NumPy:Performs calculations like angles and
movement patterns.

» Pandas: Stores structured data such as
repetitions and accuracy in tabular format

2.4.2. Hardware

Camera

» Built-in or external webcam with 720p or
higher resolution.

Processor

» Minimum: Intel i5 4th Gen or equivalent.

RAM

» Minimum: 4 GB

3. Cost Analysis

Media pipe

» Purpose: Pose detection and landmark
estimation.

» Cost: Free (Open-source under Apache 2.0
license).

OpenCV

» Purpose: Image and video processing.
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»  Cost: Free (Open-source under BSD license)

NumPy

» Purpose: Mathematical
especially for angles and arrays.

» Cost: Free (Open-source under BSD license).

Pandas

» Purpose: Data manipulation and analysis. Cost:
Free (Open-source under BSD license).

Pose Detection and Tracking: The implemented

code successfully detects human poses using the

Mediapipe library. It captures key body landmarks

(e.g., elbows, knees, shoulders) in real-time through

a webcam or video source. Accurate angles are

calculated for various body parts (e.g., arms, legs,

computations,

abdomen) wusing trigonometric computations,
enabling detailed motion analysis.

Exercise Counter: The application tracks repetitions
for exercises such as push-ups, pull-ups, squats, and
sit ups. It uses logical thresholds for angles and
positional changes to determine when an exercise
repetition is completed.

A dynamic counter updates in real time, displaying
the number of repetitions performed by the user.

; F écore CavdV — o >
Activity: pull-up
Counter: 3

Status: Active
Suggestion: Good start keep going

Real-time Feedback: Suggestions like “Good start,
keep going,” “Nice pace! Keep your body aligned,”
and “Enough for today” are provided to encourage
and guide the user.

Status indicators (e.g., "Active" or "Rest") are
dynamically displayed based on the exercise

progress.

Figure-3.1 Walking exercise real time live camera
feed
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Activity: squat
Counter: 3

Figure-3.2 Squat real time live camera feed
Graphical User Interface (GUI):

A Tkinter-based GUI displays the current activity,
counter, status, and suggestions in an intuitive and
user-friendly manner.

Customizable Exercise Types:

The modular design allows for easy integration of

new  exercise types by extending the

TypeOfExercise class with appropriate logic.

cap = cv2.VideoCapture(d) # Use webcam

Figure-4.1 Pull-up exercise video feed

Suggestion: Ni

vpocel! Keep y@ig&..
l

L

(

Figure-4.2 Push-up exercise video feed
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Figure-4.3 Walking exercise video feed

3. DISCUSSION

Accuracy and Reliability:

The pose estimation relies heavily on the quality of
the video feed. Poor lighting, incorrect camera
positioning, or occlusions can reduce accuracy.
Landmarks detection and angle computations are
precise when the user is fully visible to the camera,
but may struggle with partial obstructions or
misaligned poses.

e m 0. nose 17. left_pinky
" "ar"’" 1. left_eye_inner 18. right_pinky
PO 2. left_eye 19. left_index
0, 3 n ; e 3. left_eye_outer  20. right_index
) . . L] 4. right_eye_inner  21. left_thumb
: ,O‘ “ B ; > 5. right_eye 22. right_thumb
6. right_eye_outer  23. left_hip
7. left_ear 24. right_hip
8. right_ear 25. left_knee
21p on
9. mouth_left 26. right_knee
10. mouth_right 27. left_ankle
5 " 11. left_shoulder 28. right_ankle
“ P 12. right_shoulder 29, left_heel
13. left_elbow 30. right_heel
14, right_elbow 31. left_foot_index
28 L 15, left_wrist 32. right_foot_index
2 % N e 16. right_wrist

Figure-05 Landmarks detection
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Real-time Performance:

The system processes frames in real time, making it
suitable for live exercise monitoring. However,
performance can vary based on the hardware used,
particularly for devices without GPU support.
Flexibility and Scalability:

The modular design enables easy addition of new
exercises or customizations. For example,
additional exercise specific thresholds can be
defined to expand the application. The use of open-
source libraries ensures cost effective scalability for
both personal and commercial applications
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4. LIMITATIONS

The system does not currently include advanced
analytics or progress tracking over time, which
would add significant value for regular users.
Exercises requiring additional equipment (e.g.,
dumbbells) are not supported in the current
implementation.

Introducing the Al Fitness Tracker

Personalized Guidance

Adaptive workout plans and tailored advice.
Accurate Tracking

Real-time exercise recognition and progress
tracking.

Motivational Feedback

Encouraging insights and progress updates.
Leveraging Advanced Technologies

MediaPipe

Real-time pose estimation for precise exercise
tracking.

OpenCV

Processing for efficient analysis of movement
patterns.

Tkinter

User-friendly interface for intuitive interaction and
feedback.

5. CONCLUSION

The project successfully demonstrates the use of
computer vision techniques for real-time exercise
monitoring and feedback. By leveraging Media
pipe for pose estimation and integrating
functionalities such as real-time counting, status
updates, and exercise suggestions, the system
provides an engaging and interactive fitness
experience. The modular structure ensures that the
application is scalable and adaptable for various
types of exercises. The GUI enhances user
interaction by clearly presenting activity metrics,
while the seamless processing of video input
ensures a responsive and efficient system. Despite
some limitations, such as dependency on video
quality and lack of advanced analytics, the
application serves as a strong foundation for future
fitness monitoring tools.

Future Works
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To enhance the functionality, user experience, and
applicability of the system, the following
improvements are proposed:

1. Integration of Voice Assistance:

Adding voice feedback to guide the user during
workouts, providing real-time instructions,
motivation, and error corrections.

2. Data Storage and Analytics

Storing exercise data (e.g., repetition counts,
timestamps) in a database for tracking progress
over time. Providing users with performance trends
and analytics through charts or reports.

3. Form Analysis and Correction

Using machine learning models to analyse exercise
form and provide corrective suggestions for
improving posture and technique.

4. Mobile and Wearable Integration

Developing a mobile application to make the
system portable and accessible on smartphones.
Integrating  with  fitness = wearables  (e.g.,
smartwatches) to provide additional metrics like
heart rate and calories burned.

5. Multi-user Support

Extending the application to handle multiple users
in group fitness scenarios, such as gym classes or
online training sessions

6.EQUIPMENT-BASED EXERCISES

Adding support for exercises involving equipment,
such as dumbbells or resistance bands, by
enhancing the detection logic to include these
objects.

By implementing these features, the system can
evolve into a comprehensive fitness assistant
catering to a broad range of user needs, from
beginners to advanced athletes. The integration of
voice assistance, in particular, will make the
application more intuitive and user-friendly,
especially for users who prefer auditory guidance
over visual cues.

7. CONCLUSION & FUTURE SCOPE

5.1 Conclusion & Future ScopeThis paper
presented the development of an Al-based fitness
tracker that leverages machine learning algorithms
for intelligent activity recognition and personalized
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recommendations. Our results demonstrate that

deep learning models significantly enhance activity

classification accuracy and user experience.

5.2 Future WorkFuture improvements include:

Integratingreal-time feedback mechanisms using

Reinforcement Learning.Expanding the dataset to

improve model generalization.,Enhancing the user

interface with gamification features.

The proposed Al fitness tracker has the potential to

revolutionize personalized fitness guidance, making

workouts more efficient and tailored to individual
needs.

Al Fitness Tracker paper into five parts.

Here’s a possible breakdown:

1. Introduction — Overview of the project,
importance of Al in fitness tracking, and
problem statement.

2. Related Work — Summary of existing Al-based
fitness tracking systems and their limitations.

3. Methodology — Explanation of your model,
data collection, processing, and Al techniques
used.

4. Implementation & Results — Details on system
architecture, algorithms, user testing, and
findings.

5. Conclusion & Future Scope — Summary, key
takeaways, and potential improvements.

Maintaining Fitness with Al Tracking

A personalized fitness journey can be challenging.

Lack of motivation and guidance can hinder

progress.

Al-powered tracking offers a solution

Accurate exercise recognition for real-time

feedback.

Automateworkout routines,

recommendations.

personalized

Motivational insights and progress tracking
features.
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