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ABSTRACT

Al-Powered Smart Gym Solutions for Personalized Workouts introduces an intelligent
system that leverages computer vision and artificial intelligence to monitor, analyze, and
enhance physical workouts in real time. Using tools such as OpenCV, MediaPipe, and NumPy,
the system captures live video through a webcam to detect and track key body landmarks during
exercises like push-ups, bicep curls, and squats. This enables automated pose estimation,
posture correction, and repetition counting without the need for wearable sensors or manual

input.

The system works by calculating angles between specific joints to assess movement
accuracy. If incorrect form is detected, it provides immediate feedback to help users adjust their
posture. Once the correct form is maintained, the system counts repetitions, making it ideal for
solo training at home or in gyms. This real-time interaction ensures users perform exercises

safely and effectively, helping to reduce injury risk and improve results over time.

Designed as a cost-effective and scalable solution, this Al-powered trainer enhances
user motivation and fitness tracking by offering a more personalized workout experience. The
integration of pose analysis and intelligent feedback opens new possibilities in fitness
technology, making it especially relevant in today’s demand for virtual and contactless health
solutions. The project lays the groundwork for future upgrades such as wearable integration,

emotion-based feedback, and cloud-connected fitness analytics.
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CHAPTER 1

INTRODUCTION

Exercises are now becoming a habit of everyone for staying fit and healthy through
body and mind. Exercising is great for our health, but doing it wrong can lead to injuries. One
exercise that’s both popular and tricky is the squat. You lower yourself down and then stand
back up. The squat has several advantages, including increased overall leg strength, stronger
knee and hip joints, and a decreased risk of heart disease. Squatting regularly strengthens the
legs, muscles and bones. Push-ups are a versatile and effective exercise that targets multiple
muscle groups, including the chest, shoulders, triceps, and core. They help improve upper body
strength, enhance cardiovascular health, and increase overall stability and endurance. Push-ups
also boost metabolic rate, aiding in weight management, and can be performed anywhere
without the need for equipment. Curls are a fundamental exercise for building and toning the
biceps, which are crucial for various arm movements and overall upper body strength. curls
include improved muscle definition, enhanced strength for daily activities and sports, and better
joint stability and flexibility in the elbows. With that two more popular exercises are Push ups
and Curls. Exercise is an essential aspect of a healthy lifestyle, playing a vital role in

maintaining.

Figure 1.1: Exercise

This is an innovative solution designed to offer users an enhanced and interactive fitness
experience by leveraging artificial intelligence. As fitness trends evolve, there is an increasing
demand for technology that can provide not only accessibility but also real-time, personalized
feedback to users. This aims to bridge this gap by offering an at-home training experience that

rivals traditional gym instruction.



It allows users to maintain proper form, track their progress, and receive customized
workout guidance, all in real-time. By combining Al-driven analysis with user-focused

features, set to redefine personal fitness for people at all levels of experience.

The initial phase focuses on establishing a strong technical foundation. A key
component of phase is client hardware setup, which involves configuring sensors and cameras
to capture and analyse user movements in real-time. The sensors play a crucial role in ensuring
accurate data capture, enabling the system to monitor every aspect of the user’s movement.
setup is essential for delivering real-time feedback on exercise posture and performance, as it
allows the Al trainer to detect and respond to each movement with precision. To provide a
seamless and accessible interface, the project also includes webpage development. webpage
serves as the primary platform for users to access workouts, track their fitness progress, and
engage with the Al trainer. The design is optimized to be responsive and user friendly, ensuring
that users can interact with the system easily on various devices. Features like workout access,
progress tracking, and real-time feedback are made readily accessible, empowering users to

engage with their training experience in an intuitive and efficient way.

Using pose estimation technology, the Al trainer can identify incorrect exercise forms
and provide real-time posture correction feedback to users. This feature is instrumental in
ensuring that users perform exercises safely and effectively, minimizing the risk of injury and
maximizing workout results. By detecting errors and offering immediate corrective guidance,
the system functions much like a personal trainer, promoting proper exercise habits and
enhancing the quality of each workout session. Exercise offers a multitude of benefits that
extend across physical, mental, and emotional domains, significantly enhancing overall well-
being. Physically, regular exercise strengthens the cardiovascular system, improving heart
health, lowering blood pressure, and reducing the risk of heart disease and stroke. It also boosts
respiratory function and enhances the efficiency of the lungs. Muscular strength and endurance
are improved through resistance training, while flexibility and balance are enhanced with
activities like yoga and stretching. Weight management is another critical benefit, as exercise
helps to regulate body weight by increasing metabolism and promoting the burning of calories.
Furthermore, regular physical activity strengthens bones and reduces the risk of osteoporosis,
particularly when weight-bearing exercises are incorporated. Mentally, exercise has profound

positive effects on brain health.



It stimulates the release of neurotransmitters like endorphins, which are known to
elevate mood and alleviate symptoms of depression and anxiety. Regular physical activity has
been shown to improve cognitive function, memory, and learning capabilities, while also
reducing the risk of cognitive decline and diseases such as Alzheimer’s. The sense of
achievement and self-efficacy gained from meeting fitness goals can enhance selfesteem and

confidence.

Improper exercise can also lead to muscle imbalances and poor posture. When certain
muscles are overworked and others are neglected, it can cause some muscles to become
disproportionately stronger or tighter, leading to an imbalance. This imbalance can alter your
natural posture and movement patterns, increasing the risk of pain and injury. For instance,
overemphasizing chest exercises while neglecting back muscles can lead to rounded shoulders

and back pain.

Flgure 1.2: Improper exercise steads

Furthermore, consistently engaging in improper exercise can negatively impact your
cardiovascular health. Exercises performed with poor form or excessive intensity can put undue
strain on the heart and blood vessels, potentially leading to elevated blood pressure and an
increased risk of cardiovascular events. This is especially concerning for individuals with
preexisting heart conditions or those who are new to exercise and attempt high intensity
workouts without proper progression. Mental health can also suffer as a result of improper
exercise. Injuries and chronic pain can lead to frustration, anxiety, and depression, particularly
if they prevent you from participating in activities you enjoy. The psychological stress of
dealing with ongoing pain and the potential for long-term disability can significantly impact

your quality of life.



Improper exercise can lead to a lack of progress or even regression in fitness goals.
Without proper technique and a balanced approach, you may not effectively target the intended
muscle groups or improve cardiovascular endurance, leading to plateaued or diminished

results.

| Figure 1.3: Squat

This lack of progress can be demotivating and discourage you from continuing your
fitness journey. Squats are a fundamental exercise that primarily targets the muscles of the
lower body, including the quadriceps, hamstrings, glute, and calves, while also engaging the
core and promoting overall strength and stability. This versatile movement can be performed
in various forms, each offering unique benefits and challenges. Common types of squats
include the back squat, where a barbell is placed across the upper back; the front squat, with a
barbell held at the front of the shoulders; the goblet squat, using a dumbbell or kettle bell held
at chest level, and body weight squats, which require no equipment and are ideal for beginners.
Other variations include the sumo squat, with a wider stance to target the inner thighs, and the
pistol squat, a challenging single-leg squat that demands significant balance and strength. The
advantages of squats are manifold they enhance lower body strength, improve joint flexibility,
boost cardiovascular fitness, and promote functional movements essential for daily activities.
Squats can help with weight management by increasing muscle mass and metabolism.
However, performing squats improperly can lead to several disadvantages, such as knee, hip,
or lower back injuries due to poor form or excessive weight. Common mistakes include
allowing the knees to cave inward, leaning too far forward, not squatting deep enough, or using

an improper stance width.



These errors can result in undue stress on the joints and muscles, leading to pain,
imbalances, and potential long-term damage. To avoid these issues, it is crucial to maintain
proper technique, such as keeping the chest lifted, the back straight, the knees aligned with the
toes, and descending to a depth where the thighs are at least parallel to the ground. Consulting
with a fitness professional or using resources like an Al personal trainer can help ensure correct
form and maximize the benefits of squats while minimizing the risk of injury. This model aims
to aid beginners in correcting their form and squat, using advanced tools such as deep learning
and computer vision, to the best of their ability. This model attempts to alleviate the problem
by suggesting a method to help beginners get introduced to fitness and working out by assisting

them to practice better and avoid injuries while performing exercises by focusing on the squat.

Figure 1.4: Push ups

Push-ups are a fundamental body weight exercise that primarily targets the chest,
shoulders, triceps, and core muscles. They involve lowering and raising the body using the
arms while maintaining a plank position. There are several variations of push-ups, each
emphasizing different muscle groups and intensity levels. Standard push-ups, with hands
shoulder-width apart, are the most common. Wide push-ups, where hands are placed wider than
shoulder-width, focus more on the chest, while narrow or diamond push-ups, with hands close
together, target the triceps. Other variations include incline push-ups, with hands elevated on a
surface to reduce intensity, and decline push-ups, with feet elevated to increase difficulty. Push-
ups offer numerous advantages, including improved upper body strength, enhanced core
stability, increased muscle endurance, and better overall functional fitness. They also contribute
to cardiovascular health when performed in higher repetitions or as part of a circuit. However,
performing push-ups improperly can lead to several disadvantages. Poor form, such as allowing
the lower back to sag or flaring the elbows excessively, can result in joint strain, muscle
imbalances, and potential injuries like shoulder impingement or lower back pain. It is crucial

to maintain a straight line from head to heels and engage the core to prevent these issues.



Thus, while push-ups are highly beneficial, ensuring proper technique is essential to

maximize their advantages and avoid detrimental effects.

Curls are a fundamental exercise primarily targeting the biceps, the muscles located on
the front of the upper arm. Curls are performed by standing with a dumbbell in each hand,
elbows at sides, and forearms extended in front of the body. Bending our elbows, we then bring
the dumbbells all the way up to our shoulders. After a little pause, we progressively reverse the
curl and repeat. They are a staple in strength training and bodybuilding routines aimed at
increasing muscle mass, strength, and definition in the arms. There are various types of curls,
each offering unique benefits and variations to the workout. The most common type is the
standard bicep curl, performed with dumbbells, barbells, or resistance bands, where the arms

are flexed at the elbows to lift the weight towards the shoulders.

r
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Figure 1.5: Curls

Other variations include hammer curls, which involve holding the weights with a neutral
grip to target the brachialis muscle alongside the biceps, and preacher curls, which are
performed using a preacher bench to isolate the biceps and minimize the use of other muscles.
Concentration curls, where the elbow is braced against the thigh, focus on peak contraction and
isolation. Curls offer several advantages, such as increased bicep size and strength, improved
grip strength, and enhanced muscle endurance, which are beneficial for both aesthetic goals
and functional movements. However, performing curls improperly can lead to several
disadvantages. Incorrect form, such as swinging the weights or using too much weight, can
place undue stress on the elbows and shoulders, leading to strains, tendinitis, and joint pain.
Additionally, poor technique can reduce the effectiveness of the exercise by not fully engaging

the biceps, resulting in suboptimal muscle growth and development.

6



Therefore, it is crucial to maintain proper form, use appropriate weights, and perform

controlled movements to maximize the benefits and minimize the risks associated with curls.

Al personal trainer represents a cutting-edge fusion of technology and fitness, offering

personalized, data-driven exercise guidance that adapts to individual needs and

goals. These digital trainers leverage artificial intelligence and machine learning algorithms to
analyse a user’s physical condition, exercise history, and fitness objectives, creating tailored
workout plans that evolve over time. Unlike traditional trainers, Al personal trainers are
accessible 24/7 through smartphones, tablets, or other connected devices, providing flexibility
and convenience for users with busy schedules. They can demonstrate proper exercise
techniques through interactive videos and real-time feedback, ensuring users perform
movements correctly to minimize the risk of injury. Furthermore, Al trainers can track progress
meticulously, using data from wearable devices to monitor metrics such as heart rate, calories
burned, and workout intensity, providing detailed analytics and insights that help users stay
motivated and make informed adjustments to their routines. They can also offer nutritional
advice based on a user’s dietary preferences and goals, contributing to a holistic approach to
health and fitness. The integration of virtual coaching and gamification elements, such as
rewards and challenges, keeps the experience engaging and fun, encouraging consistency and
adherence to fitness programs. Overall, an Al personal trainer offers a highly personalized,
accessible, and efficient solution for achieving fitness goals, blending the best of technology

and exercise science to support users on their health and wellness journeys.

e

Figure 1.6: Al perS;hal trainer



1.1 Overview of Al-powered smart gym

Al-powered smart gym solutions are transforming the fitness industry by providing
personalized, accessible, and data-driven workout experiences. Traditional fitness training
often requires personal trainers or structured gym memberships, which can be costly and
inaccessible to many users. With the integration of artificial intelligence, machine learning, and
computer vision, virtual Al trainers can analyze user movements, provide real-time feedback,
and customize workout plans based on individual fitness levels. These systems not only
enhance engagement but also help users maintain consistency in their fitness journeys through
automated guidance and motivation.

One of the key advantages of Al-powered fitness trainers is their ability to analyze human
movement using pose estimation and motion tracking technologies, such as MediaPipe and
OpenCV. These Al models detect incorrect posture and provide instant feedback to help users
perform exercises correctly, reducing the risk of injury. Additionally, smart gym solutions
integrate wearable 10T devices that monitor real-time metrics like heart rate, calorie burn, and
muscle activity, enabling a more accurate and personalized fitness experience. The ability to
track progress and adjust workouts dynamically makes Al-powered fitness solutions highly

effective for individuals seeking customized fitness plans without human intervention.

Despite these advancements, Al-powered fitness solutions face several challenges. The
accuracy of pose estimation and motion tracking depends on factors like camera quality,
lighting conditions, and user positioning. Moreover, Al models require large datasets to provide
precise feedback, which may limit their effectiveness for individuals with unique body
structures or specific health conditions. Another concern is the lack of real-world validation,
as Al-based trainers still require extensive testing in diverse environments to match the
expertise of human trainers. Addressing these limitations through better Al training, improved
sensor technology, and enhanced personalization algorithms will be essential for wider
adoption. Looking ahead, future developments in Al-driven fitness technology will focus on
enhancing real-time feedback, integrating AR/VR for immersive workouts, and developing Al-
powered nutrition guidance. Advanced deep learning models will enable Al trainers to provide

more accurate motion analysis and better adapt to user-specific fitness goals.



Wearable sensors and cloud-based Al analytics will further refine data collection and
enhance workout recommendations. As Al continues to evolve, smart gym solutions will play
a crucial role in making fitness training more accessible, efficient, and engaging, empowering
individuals to achieve their health goals with minimal human intervention and maximum

precision.

1.2 Motivation

Transform your fitness journey with an innovative Al trainer that leverages pose
estimation technology to analyze your exercises in real-time, providing instant feedback and
corrections to ensure proper form and prevent injuries caused by incorrect movements. This
cutting-edge trainer scrutinizes your unique movement patterns, body proportions, and fitness
goals to offer personalized recommendations and guidance tailored to your individual needs,
maximizing the impact of your workouts with precise tracking and data-driven insights. With
this Al trainer, you’ll be motivated to perform exercises with correct form, and receive an
accurate count of repetitions, revolutionizing your exercise routine and making every rep count.
Enjoy high-quality coaching and guidance anywhere, anytime, without the need for expensive
gym memberships or in-person sessions. Discover a more effective way to reach your fitness
goals, with personalized coaching and feedback, improved form and technique, increased
motivation and accountability, enhanced workout efficiency and effectiveness, reduced risk of
injury, and data-driven insights for continuous progress. This comprehensive approach
combines to create a more effective, efficient, and enjoyable fitness journey that helps you

reach new heights, break through plateaus, and achieve lasting results.

Unleash your inner strength and transform your body with the guidance of an Al
personal trainer. Imagine having a dedicated coach that understands your unique needs and
goals, providing personalized feedback and encouragement every step of the way. With precise
tracking and data-driven insights, you’ll unlock a new level of fitness potential, shattering
plateaus and achieving results you never thought possible. Say goodbye to self-doubt and hello
to unwavering confidence, as you crush each workout with precision and purpose. Your Al
trainer will push you to new heights, celebrating every victory and helping you learn from
every setback. Together, you’ll forge a stronger, leaner, and more resilient body, capable of
achieving greatness. So why wait? Embrace the future of fitness and unleash your full potential

with the power of Al training - your ultimate fitness companion.



1.3 Problem Statement

In recent years, the importance of physical fitness and a balanced diet has become more
evident than ever, especially with the rising concerns around obesity, lifestyle diseases, and
mental well-being. However, most individuals still find it difficult to adopt and maintain a
healthy routine due to a variety of factors. These include a lack of motivation, busy schedules,
financial constraints for hiring personal trainers or dietitians, and limited knowledge about

proper fitness and nutrition strategies.

Most available fitness solutions are either one-size-fits-all or require in-person sessions,
which may not suit everyone. Furthermore, many individuals rely on random internet searches
or unverified fitness apps that can lead to misinformation or ineffective routines. This
disconnection between users and reliable, personalized guidance is a key contributor to

inconsistent fitness results and in some cases, health deterioration.

Figure 1.7 Most Common Injuries

Another major concern is that people are often unaware of their current health status.
Without proper evaluation tools, they cannot assess whether they are underweight, overweight,
or within a healthy range. Factors such as Body Mass Index (BMI), age, gender, height, and
weight are rarely taken into account when users follow generic fitness routines. Without a
personalized approach, users are more likely to abandon their fitness goals or experience injury
due to improper workouts. The motivation to stay consistent is heavily influenced by user
engagement and feedback. Traditional fitness apps often lack interactivity and progress
tracking features, making it difficult for users to see their improvements and stay committed.
This calls for a smarter, Al-powered system that adapts in real-time, understands user goals,

and provides continuous support throughout the journey.
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Hence, there is a growing need for a digital solution that not only customizes fitness
and diet plans based on individual parameters but also provides real-time Al-driven feedback,
educational guidance, and interactive dashboards to track progress. This project addresses the
above gaps by designing a comprehensive web-based Al Personal Trainer that focuses on
personalized fitness analysis, dynamic meal plans based on dietary preferences (Veg/Non-Veg),
exercise recommendations by muscle group, BMI-based health assessments, and a visual
weekly workout schedule—all aimed at helping users achieve their fitness goals efficiently and

sustainably.
1.4 Objective

The primary objective is to revolutionize fitness training by leveraging artificial
intelligence, computer vision, and machine learning to provide real-time guidance, posture

correction, and personalized workout plans.

This Al trainer aims to bridge the gap between traditional personal coaching and home
workouts by offering an intelligent, cost-effective, and interactive fitness experience. By
analysing user movements, detecting form errors, and providing immediate feedback, the
system ensures safe, effective, and optimized exercise sessions without the need for a human

trainer.
Key aspects of the objective include:
Real-Time Motion Analysis:

Utilize computer vision techniques to track body movements and ensure proper exercise

execution.
Analyse joint angles and muscle engagement for optimal form.
Instant Posture Correction & Feedback:

Identify incorrect movements, such as improper knee bending in squats or back misalignment

in deadlifts.

Provide corrections through visual overlays, audio prompts, or haptic feedback.

11



Personalized Workout Recommendations:

Adapt exercises based on the user's fitness level, workout history, and goals (e.g., weight loss,

muscle gain, endurance improvement).

Adjust difficulty dynamically based on user performance.

Progress Tracking & Performance Metrics: (Future Feature)

Continuously monitor repetitions, sets, form accuracy, and improvement trends.
Provide Al-driven insights on weak areas, strengths, and potential injuries.
Integration with Wearables & Smart Gym Equipment: (Advanced Future Addition)

Sync with smartwatches, fitness bands, and loT-enabled machines to track biometrics (heart

rate, calorie burn, etc.).

Offer adaptive workouts based on real-time health data.

User Engagement & Motivation: (Gamification & Al Coaching)

Implement leaderboards, Al challenges, and achievement badges to keep users motivated.

Introduce Al-based virtual coaching to guide users like a real trainer.

12



CHAPTER 2
LITERATURE SURVEY

Several fitness applications like MyFitnessPal, HealthifyMe, and Google Fit provide
users with basic tracking features such as calorie counting, step monitoring, and activity logs;
however, they often lack deep personalization, real-time feedback, and detailed workout
guidance based on individual body metrics. While some advanced platforms integrate Al for
pose detection or dietary planning, they are either limited to premium users, require external
wearable devices, or offer generalized content. Existing systems typically do not include
customized diet preferences (like Veg/Non-Veg), structured weekly workout plans, or
educational insights on muscle groups and exercise form. Hence, there is a need for an Al-
powered solution that not only analyses user data such as BMI, age, and weight, but also
generates personalized fitness and diet plans, tracks progress, and provides real-time guidance

making fitness more accessible, engaging, and effective for users of all levels.

Yang, S., Pu, P., and Wang, X. (2022) provided an in-depth literature review on Al-
powered fitness platforms emphasizing pose estimation and real-time feedback. The study
categorized current pose estimation techniques and explained how they are integrated into
mobile and web applications. It highlighted various use cases, such as rehabilitation, strength
training, and balance exercises, where Al offers safe, cost-effective, and personalized solutions.
Their work also discusses the limitations of current models regarding latency and accuracy

under diverse environments.[1]

Chariar, M., Rao, S., Irani, A., Suresh, S., and Asha, C. S. (2023) created an Al Trainer
model using autoencoders and Bi-GRU with attention mechanisms specifically for squat
analysis. The model distinguishes between correct and incorrect squats with high precision and
adapts to different body types and postures. The framework provides real-time audio and visual
feedback, offering users a comprehensive correctional tool for body alignment and injury
prevention.[2] A. L., Biradar, V. G., C. M., and B. J. B. (2023) developed a human pose
estimation-based fitness training system that uses Mediapipe and OpenCV to track key joints
and provide movement corrections. The model detects improper motion in strength exercises
like lunges and squats and delivers correctional cues via a user-friendly interface. The system

is designed to reduce dependency on physical trainers while maintaining workout quality.[3]
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Balpande, M., Sharma, J., Nair, A., Khandelwal, M., and Dhanray, S. (2023) introduced
an Al-based gym trainer that not only corrects posture using vision-based techniques but also
recommends diet plans tailored to user profiles. The platform incorporates a smart dashboard
to visualize real-time stats, helping users make informed decisions about their health routines.
It supports continuous learning through user feedback, enhancing future recommendations.[4]
Wu, S., Wang, J., and Zhang, W. (2024) introduced a reinforcement learning-based
personalized fitness recommender system. Their model incorporates user motivation levels,
exercise history, and performance outcomes to fine-tune exercise suggestions. A contrastive
learning strategy is used to distinguish subtle user preferences, making the model adept at
offering dynamic, individualized workout routines that evolve over time.[5]

Singh, V., Patade, A., Pawar, G., and Hadsul, D. (2022) presented "trAlner," an Al
fitness assistant using computer vision. It uses OpenCV and Mediapipe for posture analysis
and guides users with voice commands. The model works offline and offers privacy by not
uploading any sensitive data to the cloud, making it suitable for low-bandwidth environments

and enhancing user trust.[6]

Yang, L., Li, Y., Zeng, D., and Wang, D. (2021) explored posture analysis using pose
estimation for common workouts. Their work demonstrates the feasibility of using keypoint
detection to prevent injuries and optimize performance. It includes real-time feedback systems
that flag improper body alignments and guide users towards corrective motions, especially

useful in rehabilitation and home workouts.[7]

Pawar, R., Dhake, B., Chavan, C., Gohil, U., and Ransing, R. (2023) created "AI FIT."
a virtual fitness trainer designed for people exercising at home. Their system uses deep learning
to assess user posture and encourages proper form by giving alerts when incorrect angles are
detected. It aims to replicate in-gym experiences through affordable digital alternatives.[8]
Joshitha, K. L., Madhanraj, P., Roshan, B. R., Prakash, G., and Monish Ram, V. S. (2024)
developed AI-FIT COACH, which combines smart camera input with pose tracking to deliver
real-time suggestions and motivational prompts. It features a dashboard showing performance
metrics, accuracy scores, and improvement tips. The system caters to both beginners and

advanced users seeking guidance without human trainers.[9]
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Chaudhary, 1., Singh, N. T., Chaudhary, M., and Yadav, K. (2023) worked on yoga pose
classification using MediaPipe and OpenCV. Their application detects poses like downward
dog and warrior pose, and provides instant corrections for common misalignments. It’s
particularly useful for solo yoga practitioners aiming for mindfulness, alignment, and injury
prevention.[10] Bhamidipati, V. S. P., Saxena, 1., Saisanthiya, D., and Retnadh, M. (2023)
proposed a Mediapipe-based Al trainer that can handle dynamic and static fitness activities.
Their approach includes real-time 3D visualization of posture alignment and offers detailed
analysis on repetitive exercises like push-ups and jumping jacks. The system is scalable for

integration into larger fitness platforms.[11]

Siow, C. Z., Chin, W. H., and Kubota, N. (2023) introduced a fuzzy logic-based system
that uses human skeleton poses to evaluate simple exercises. Unlike binary evaluation, fuzzy
logic offers graded scoring, accounting for degrees of correctness. This approach improves
feedback quality by quantifying partial errors rather than simply marking a movement as right
or wrong.[12] Dedhia, U., Bhoir, P., Ranka, P., and Kanani, P. (2023) created a virtual fitness
assistant that continuously monitors workouts using MediaPipe. Their system flags bad posture
in real-time and logs corrective feedback for post-workout analysis. It's intended for users who
want to track improvement over time without manual intervention from a coach.[13]
Mahmoud, S. E. H., and Taha, Z. A. E. H. (2023) focused on Al applications for strength
training, especially shoulder-focused exercises like lateral raises and shoulder presses. Their
Al model provides angular feedback, ensuring accurate joint motion range, which is crucial for
muscle-specific isolation and injury prevention.[14] Jagani, A., Katudia, D., Darji, M., and
Hirlekar, V. (2023) developed CogniPoseAl, a futuristic trainer that leverages pose detection,
smart prompts, and deep learning to enhance workout engagement. It uses gamification
elements and progress visualization to boost user motivation, making it ideal for long-term

fitness planning.[15]
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CHAPTER 3
EXISTING METHODOLOGY

The integration of Artificial Intelligence (AI) into health and fitness domains has
enabled the creation of intelligent personal training systems capable of guiding users through
exercise routines with real-time feedback. Among these advancements, pose Trainer presents a
novel approach to posture correction by combining human pose estimation and reinforcement
learning (RL). With the growing popularity of home workouts and virtual fitness platforms,
ensuring correct posture is essential to prevent injuries and maximize the effectiveness of

training.

Pose Trainer aims to bridge this gap by analysing users physical movements through
computer vision, identifying incorrect poses, and offering corrective feedback. By utilizing
Open Pose for real-time human skeletal key point detection and Proximal Policy Optimization
(PPO) in reinforcement learning, the system learns optimal corrective actions that guide users
toward the desired posture. This method not only enhances safety during workouts but also

promotes consistent training outcomes without the constant need for human supervision.

This represents a significant step forward in the development of Al-driven fitness
assistants, offering a cost-effective and non-invasive solution for physical training and
rehabilitation settings. Its adaptability, learning capabilities, and real-time feedback
mechanisms position Pose Trainer as a foundational technology for future smart gym

environments and personalized digital fitness coaching platforms.

3.1 Methodology

The real-time Al-driven posture correction system that leverages human pose
estimation and reinforcement learning to emulate the guidance of a personal fitness trainer. The
process begins with live video input from a webcam or smartphone, which is analysed using
OpenPose, a deep learning-based human pose estimation framework. OpenPose extracts 2D
skeletal key points covering major joints such as shoulders, elbows, hips, and knees—to create
a simplified skeletal model. These key points are pre-processed through a pose normalization
stage to align all user poses into a consistent scale and orientation, allowing the system to

function effectively across different environments and body types.
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The normalized pose vectors are then compared to a curated database of reference poses
using metrics like Euclidean distance for joint displacement and cosine similarity for limb
angles. Errors are identified based on deviations from the ideal reference poses, which are then
interpreted using a Proximal Policy Optimization (PPO)-based Reinforcement Learning agent.
This RL model dynamically learns how to recommend pose corrections by observing the
relationship between current joint errors and optimal alignment actions. The agent is trained
through continuous feedback loops that reward actions minimizing joint deviation, allowing it
to learn correction strategies that mimic the intuition of a human trainer. The corrections are
delivered to the user through an interface that provides visual skeletal overlays and
verbal/textual feedback, guiding them to modify specific joints or postures in real-time. What
sets pose Trainer apart is its sensor-free architecture relying entirely on computer vision and Al
algorithms rather than expensive wearable sensors making it scalable, low-cost, and accessible
to general users. Additionally, the use of deep learning-based key point estimation combined
with policy-based reinforcement learning makes the system adaptive to various exercises and
capable of self-improvement with additional training data. This methodology ensures not just
static posture assessment but also continuous real-time tracking, allowing dynamic feedback
during full workout sessions. In summary, the PoseTrainer system bridges the gap between
expert-level fitness guidance and personal training automation, using Al to enhance safety,

effectiveness, and personalization in home workouts.
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Figure 3.1 Block Diagram of Existing Method
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The existing method for detecting exercise posture correctness begins with
the input as a dataset, where images or videos of users performing various
exercises are collected. This dataset may consist of labelled examples
representing correct and incorrect postures. The next stage is preprocessing,
where the raw data is cleaned, resized, and normalized to ensure consistency.
Preprocessing also helps in eliminating noise and improving the quality of the

input data for better analysis.

Following this, the system performs feature extraction, which involves
identifying critical points or landmarks (like elbows, shoulders, knees, etc.) from
the human body using pose estimation techniques. These features capture the
geometric structure of the body and are essential for recognizing postures
accurately. The extracted features are then passed into the classification module,
where a machine learning model is used to distinguish between different exercise

poses and evaluate their correctness.

To enhance the classification accuracy, the Logistic Regression (LR)
algorithm is applied. This algorithm helps in making binary or multiclass
decisions based on the extracted features, classifying whether the pose is correct
or not. The final output is the detection of exercise posture and its correctness,
providing users with feedback on their form and guiding them toward proper

alignment.
3.2 Limitations in Current Workout Solutions

Lack of Real-time Feedback — Traditional workout solutions, such as personal trainers or
fitness apps, often rely on post-workout analysis rather than providing immediate corrections.

This can lead to improper form and potential injuries.

Generic Workout Plans — Most fitness programs follow a one-size-fits-all approach, failing to

adapt to individual progress, fitness levels, or specific goals.
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Injury Risks Due to Poor Form — Without proper guidance, individuals may perform exercises

incorrectly, leading to muscle strain or long-term injuries.

No Objective Performance Tracking — Conventional methods, such as counting repetitions
manually, are prone to human error and lack precise movement tracking.

Limited Accessibility to Expert Guidance — Hiring a personal trainer can be expensive, and
remote users lack access to professional supervision.

How AI Improves Workout Solutions

Real-time Form Correction — Al-powered solutions leverage computer vision and pose
estimation (e.g., OpenCV and MediaPipe) to analyse user movements and provide instant
feedback on exercise form.

Personalized Workout Plans — Machine learning models can adapt routines based on user
progress, body metrics, and fitness goals, ensuring a customized approach.

Automated Performance Tracking — Al-driven systems can count reps, measure range of
motion, and analyse movement efficiency with high accuracy.

Injury Prevention — By detecting improper form or excessive strain, Al can warn users about
potential risks and suggest corrective actions.

Cost-effective and Accessible — Al-powered fitness apps provide expert-level guidance without

the need for expensive trainers, making fitness accessible
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CHATPER 4
PROPOSED SYSTEMS

4.1 Introduction

The methodology for the lever- ages computer vision and pose estimation
technology to guide individuals in performing exercises correctly, mitigating the risk
of injuries. By utilizing real-time feedback, users can adjust their form and technique,
ensuring a safer and more effective workout. The system focuses on essential
exercises like curls, push-ups, and squats, which are often problematic for beginners
and experienced gym-goers alike. By reducing the risk of injury,this promotes a
healthier and more confident approach to exercise. Users can work out with greater
precision and control, achieving their fitness goals while minimizing the risk of harm.
This technology has far-reaching potential, applicable in various settings, from
personal home workouts to commercial gyms and rehabilitation centres,

revolutionizing the way we approach exercise and fitness.
4.2 System Architecture

The proposed system aims to develop an Al-powered Personal Fitness Trainer
web application that provides users with personalized fitness and diet recommendations
based on their physical attributes and preferences. The system is designed to guide users
through a structured and interactive flow, beginning with the collection of personal data

and culminating in customized fitness plans and progress tracking.

The user journey begins with a Welcome and Login Interface, where the user is
prompted to enter essential personal details such as name, phone number, age, height,
weight, and gender. This data is collected through a clean and responsive form layout,
with proper validation mechanisms in place to ensure data accuracy. Once the user
submits the form, the system uses this information to calculate critical health indicators
such as Body Mass Index (BMI) and to assess the user’s overall fitness status. Following
successful login, the user is greeted with a Personalized Dashboard that displays a detailed

fitness analysis.
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It includes the user's age, height, weight, calculated BMI, ideal weight range, and

interpreted health status (e.g., underweight, normal weight, overweight, or obese).

Initializing Python

Modules
Capturing poses using User Feedback Display
webcam N (Suggestions, Tips, etc...)
l A
Al Analysis Real Time
(Movement Analysis, > (Guidance
Feadback Correction)

Generation)

Posture within
Desired Parameters

Building an Al
Tracker to count

your reps

Figure 4.1: Block diagram of Proposed Method

A dynamic Ul presents this data in an engaging format using visual elements like cards,
color-coded indicators, and progress bars. Additionally, the dashboard introduces the “Al
Exercise Trainer for Personalized Workouts™ and provides options like “Get a Trial” and “Pay

Now” for potential premium features.
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The next phase involves the generation of a Personalized Diet Plan. Users can choose
their dietary preference (Vegetarian or Non-Vegetarian) from a dropdown menu. Upon
selection, the system generates a structured daily meal plan tailored to their BMI and goals.
Meal plans include recommendations for breakfast, lunch, snacks, and dinner, along with
supplement suggestions like multivitamins, omega-3, and protein shakes. However, an issue
was noted during development where the diet plan does not dynamically update based on the
selected type, which will be resolved by enhancing backend logic and ensuring real-time API

responses.

The system then recommends a Personalized Exercise Plan based on the user's health
status. This includes the type of exercise (e.g., strength training), duration, frequency, and
intensity. A structured weekly workout schedule is presented, with specific focus areas assigned
to each day of the week (e.g., Chest & Triceps on Monday, Legs on Wednesday, Cardio on
Saturday). The plan is designed to ensure balanced muscle development and efficient calorie
burning. Additional recommendations for nutritious foods and healthy habits are provided to
complement the exercise regimen. An educational section follows, offering detailed
information on different muscle groups such as chest, shoulders, back, arms, core, glutes, and
legs. Each group includes a list of targeted exercises, complete with descriptions, to help users
understand proper form and muscle engagement. This section enhances user awareness and

supports self-guided learning about fitness.

The system integrates BMI calculations to assess the user’s health and tailor the diet and
exercise recommendations accordingly. BMI values categorize the user into specific fitness
statuses, which influence the workout and meal suggestions. Users can also track their progress
through visualizations of calories burned, workout history, and strength improvements, which
are displayed in a dedicated Progress Tracking module. Finally, the entire platform is designed
with a modern, responsive front-end that adapts seamlessly to mobile and desktop devices. The
intuitive UI/UX, combined with Al-powered recommendations and real-time feedback
mechanisms, offers a professional and engaging experience for users aiming to improve their

health and fitness.
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4.2.1. Initializing Python Modules

The first step in the system involves setting up the required Python modules and
libraries. These modules form the foundation of the Al-based posture recognition and

feedback system.

Some key components include:

OpenCV — For real-time webcam access and image processing.

MediaPipe — For pose estimation and human movement tracking.

TensorFlow/Keras — If deep learning models are used for advanced movement analysis.
NumPy & Pandas — For handling numerical computations and data manipulation.
Matplotlib/Seaborn — For visualization if needed.

Once the modules are initialized, the system proceeds to the next step.

4.2.2. Capturing Poses Using Webcam

At this stage, the system activates the webcam to capture real-time images and videos
of the user’s movements. The captured frames are continuously analyzed for body landmarks,
including: Head, shoulders, elbows, wrists, hips, knees, and ankles. Angles formed between
joints to determine movement patterns. Depth estimation if using 3D pose detection
techniques. The captured frames are then preprocessed for better Al analysis, including:
Converting to grayscale (if needed). Resizing and normalization. Applying filtering
techniques to remove noise.

4.2.3. Al Analysis (Movement Analysis, Feedback Generation)

In this step, the Al model performs movement analysis and generates feedback based
on detected poses. The process includes:
Pose Estimation and Feature Extraction

Al extracts key body landmarks from the images using models like MediaPipe
PoseNet or OpenPose. It calculates joint angles and body alignment to assess posture
correctness.

Movement Pattern Recognition The system compares the detected pose against
predefined exercise postures (e.g., squats, push-ups, lunges). It determines whether the user
is performing the exercise correctly or needs adjustment. Feedback Generation The Al model

generates feedback in case of incorrect posture.
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Text-based guidance: Suggestions like “Keep your back straight” or “Bend your knees
slightly.”

Audio cues: Voice guidance for real-time corrections.

Visual overlays: Showing incorrect posture areas with highlights.

At this stage, the system decides whether the posture is correct or incorrect.

4.2.4. Posture Correction or Progress to Next Step

Based on the Al analysis, the system follows one of two paths:

(a) If Posture is Incorrect

The system triggers real-time guidance correction to help the user adjust their

movement. Feedback is displayed in the User Feedback Display section, which may include:

Suggestions: "Lower your hips" or "Keep your chest up." Tips: Best practices to enhance

form and prevent injury.
Warnings: Alerts if movement is completely incorrect. Real-Time Guidance Correction
The system continuously monitors user movement and provides real-time assistance.

If the user corrects their posture, they move back to the Al analysis step to re-evaluate

movement.

B! Al GYMTRAINER = o X

Wrong Curl Form! _

Squats: 1
Curls: 5

Pushunas 2

Figure 4.2 Incorrect postures

(b) If Posture is Correct

If the user maintains the desired posture, the system confirms that their movement
aligns with the predefined exercise parameters. The Al tracker then advances to the next

stage.
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4.2.5. Posture Within Desired Parameters

Once the correct posture is maintained, the system verifies that the movement is

within the optimal range.

The system compares the user’s current posture with the ideal reference model. If the
movement falls within acceptable error thresholds, it is classified as correct. If deviations
occur, the system may issue minor corrections (e.g., slight hip adjustment).

At this point, the Al validates the correct posture and allows the system to proceed with

counting repetitions.

@ lovabie @ Top 100 Codes » PR

Let's get started! Keep pushing and stay strong.

Curls: 1
Angle: 58°

Figure 4.3 correct postures

4.2.6. Building an AI Tracker to Count Reps

Now that the user is executing the exercise with correct posture, the Al system tracks

repetitions automatically.
How the Al Repetition Tracker Works:
e Pose Change Detection:
The system identifies when the user completes a full movement cycle (e.g., lowering and
rising in a squat).
e Repetition Counting:

Each full cycle is counted as one repetition. The system maintains an internal counter to track

the number of reps completed.
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e Real-Time Rep Display:
The rep count is updated on the user interface to help track progress. Additional insights like
speed, form quality, and consistency can also be displayed.

e Performance Metrics & Analytics:

The system stores the user’s performance data. This data can be used for future workout

improvements, tracking trends, and generating insights.
Additional Features & Future Enhancements
While the current system focuses on posture analysis, real-time correction, and rep counting,
it can be enhanced with additional features:
e BMI-Based Diet Recommendation (Integration with Al Exercise Trainer)
The Al trainer can suggest diet plans based on BMI calculations. Integration with the diet
selection feature (Veg/Non-Veg) can personalize meal plans.
e Al-Powered Progress Tracking
Advanced analytics can track strength, endurance, and posture improvement over time.
¢ Gamification & Motivation
The system can introduce leaderboards, achievements, and fitness challenges.
e Voice & Gesture Commands

Users can interact with the system using voice commands (e.g., “Start workout”).

4.3 Pose Estimation Model

The pre-processed data is fed into a pose estimation model, such as MediaPipe, which
analyses the video to estimate the positions and movements of various body parts. MediaPipe
is a powerful framework developed by Google that facilitates the building of real- time
perception pipelines, including applications for Al personal trainers focused on exercise
analysis. This framework is particularly valuable in the context of exercise analysis due to
its capabilities in computer vision and motion tracking. At its core, MediaPipe offers a suite
of pre-built components and tools designed to process video and sensor data efficiently. For
Al personal trainers, MediaPipe can analyse video streams from cameras or other sources to

recognize and track human movements during exercises.
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This is achieved through its robust support for pose estimation, which involves
identifying key points on the human body and reconstructing their positions in space over
time. Google’s Mediapipe is an open-source framework that provides customizable machine-

learning models and processing pipelines for various media processing tasks.

It simplifies and accelerates the development of media-based applications, making it a
valuable tool for computer vision and machine learning projects. Media pipe focuses on real
time multimedia processing, including pose estimation, face detection, hand tracking, and
object recognition, using reusable “graphs” to create complex pipelines. Using Media Pipe’s
pose estimation models, such as its PoseNet or BlazePose models, Al personal trainers can
accurately capture and analyze a user’s movements in real-time. These models are trained
using deep learning techniques, particularly Convolutional Neural Networks (CNNs), which
excel at detecting and localizing human poses in varying conditions and environments. This
capability allows the Al trainer to assess exercise form, provide feedback on posture and
alignment, and monitor movement patterns throughout a workout session. MediaPipe
supports custom model integration, enabling developers to extend its functionality beyond

pose estimation.

This flexibility allows Al trainers to incorporate additional features such as gesture
recognition for exercise transitions, real-time performance metrics, and personalized
coaching cues based on individual fitness goals and preferences. MediaPipe serves as a robust
framework for Al personal trainers in exercise analysis by providing accurate pose estimation
capabilities and enabling real-time processing of video data. Its integration into fitness
applications enhances the ability to deliver personalized and effective coaching experiences,
promoting proper exercise execution, minimizing injury risks, and optimizing workout
outcomes for users. OpenCV (Open-Source Computer Vision Library) is a widely used open-
source library that provides a comprehensive set of tools and algorithms for computer vision
and image processing tasks. In the context of Al personal trainers for exercise analysis,
OpenCV plays a critical role in analysing video data to track human movements, assess
exercise form, and provide real-time feedback to users.

One of the key functionalities of OpenCV relevant to exercise analysis is its robust

support for pose estimation. Pose estimation involves detecting and estimating the positions

of key points on the human body, such as joints and limbs, from video or image data.
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This capability is essential for Al personal trainers as it allows them to accurately track
the user’s movements during exercises, identify correct or incorrect form, and provide
immediate feedback on posture and alignment. OpenCV offers various pose estimation
algorithms and methods, including popular techniques like the DeeperCut, OpenPose, and
Dense Pose models. These algorithms utilize deep learning approaches, such as
Convolutional Neural Networks (CNNs), to achieve high accuracy in detecting and
localizing human poses across different exercises and environments. By leveraging these
models, Al personal trainers can monitor exercise performance in real-time, enabling users
to adjust their movements and techniques accordingly to optimize their workout
effectiveness and safety. Additionally, OpenCV provides a range of image processing and
computer vision techniques that can be applied in exercise analysis scenarios. These include
background subtraction to isolate the user from their environment, object tracking to follow
specific body parts or exercise equipment, and contour detection to identify shapes and
patterns within the video frames. Such techniques contribute to the comprehensive analysis
of exercise sessions, aiding in the extraction of meaningful data points such as movement
trajectories, repetition counts, and exercise duration. OpenCV’s versatility extends to
integrating with other Al and machine learning frameworks, enabling developers to build
complex Al personal trainer systems that combine pose estimation with advanced analytics,
personalized coaching algorithms.

User feedback mechanisms. This integration facilitates the creation of interactive and
adaptive fitness applications that cater to individual fitness goals, adapt to user progress, and
enhance overall exercise experiences through data-driven insights and guidance.

4.3.1 Distances and Angles Calculation

Based on the pose estimation, the system calculates the distances and angles of body
parts, which are crucial for determining the correctness and form of exercises.

Distance Calculation: Formula: Euclidean distance between two points (x1,

yl) and (x2, y2):

Distance = /(x2 —x1)2 + (y2 —y1)2 - Eq. (4.1)

Calculates the Euclidean distance between two specified landmark points,

typically used to measure lengths between body joints.
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Angle Calculation: Formula: Calculation of the angle formed between three points (x1,
yl), (x2, y2), and (x3, ¥3):
Angle = atan 2(y3 — »2, x3 — x2)—atan 2(y1 — 2, x1 —x2) -------- Eq. (4.2)

Determines the angle formed by the lines connecting the three specified landmark
points. The ‘atan2‘function is used to compute the angle in radians, which is then
converted to degrees.

The system calculates various distances and angles from the extracted key points to analyse
the user’s exercise form and technique. These calculations include: Calculating the angles
between limbs and body parts, such as the elbow angle, knee angle, and hip angle. Measuring
the distance between key points, like the distance between the shoulder and hip, or the distance
between the knee and ankle. Analyzing the user’s posture by calculating the angles and
distances between key points, such as the alignment of the spine, shoulders, and hips. Tracking
the movement of key points over time, enabling the calculation of velocities, accelerations, and

other movement parameters.
4.3.2 Detects the Exercise

Utilizing the meticulously calculated distances and angles, the system employs a
sophisticated algorithm to detect and identify the specific exercise being performed,
meticulously analyzing the intricate patterns of movement and pose to pinpoint the exact
activity, whether it’s a squat, lunge, push-up, or deadlift, and accurately recognizing the subtlest
nuances in form and technique, enabling the Al trainer to provide personalized feedback and
guidance, tailored to the user’s unique needs and goals, and ensuring a precise and effective
workout, free from errors and misconceptions, and optimized for maximum results and

progress.

4.3.3 Exercise Count Update
The system maintains a precise count of the number of repetitions performed for each
detected exercise, meticulously tallying every squat, lunge, push-up, and deadlift, and
accurately logging the user’s progress, providing a comprehensive record of their workout,
including the number of reps completed, the weight lifted, and the duration of the exercise,
enabling the Al trainer to offer personalized feedback and guidance, tailored to the user’s
unique needs and goals, and empowering them to optimize their workout routine, set realistic

targets, and track their progress towards achieving their fitness objectives.
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4.3.4 Display Output

Ultimately, the system presents a comprehensive summary of the user’s workout,
showcasing the total exercise count, along with other pertinent data, such as calories burned,
weight lifted, and workout duration, in a clear and concise visual format, providing the user
with a detailed snapshot of their progress, highlighting areas of improvement, and offering
valuable insights to inform their future fitness endeavours, while also enabling them to track
their development over time, set new goals, and celebrate their achievements, all within a user-
friendly interface that makes it easy to access and understand their fitness data. Pose
estimation is a sophisticated technique used to ascertain the position and orientation of a
person or object within an image or video. In the context of human pose estimation, it primarily
involves pinpointing the coordinates of key body joints such as shoulders, elbows, hips, and
knees. The methodologies for pose estimation can be diverse, encompassing traditional
computer vision techniques, machine learning approaches, and advanced deep learning
models. The main objectives of pose estimation include accurately locating body joints,
tracking their movement over time, offering real-time feedback on posture and form, and
serving various applications such as fitness tracking, motion analysis, gesture recognition, and
augmented reality. In exercise contexts, such as squats or push-ups, accurate pose estimation
ensures individuals maintain the correct form, which is critical for both efficacy and safety.

Proper alignment of joints prevents injuries and maximizes the benefits of the workout.
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Figure 4.4: Pose Estimation key points

Pose estimation technology provides significant advantages in exercise analysis, including
real-time feedback, performance monitoring, beginner assistance, and form improvement.

Real-time feedback offers immediate guidance on correcting posture and alerts for any
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deviations from the proper form. Performance monitoring tracks improvement over time,
providing data on consistency and progress. For beginners, pose estimation helps in learning
exercises with proper technique, reducing the risk of injury. It also assists advanced users in
refining their technique by offering detailed insights into joint angles and body alignment. The
field of pose estimation continues to evolve with significant advancements in computer vision
and deep learning, leading to more accurate and versatile solutions. These improvements have
resulted in better detection and tracking algorithms, faster processing times for real-time
analysis, lightweight models suitable for mobile devices and wearables, and greater resilience
to variations in lighting, background, and occlusions. Additionally, pose estimation systems
now seamlessly integrate with other technologies like augmented reality (AR) and virtual
reality (VR), enhancing user interfaces for intuitive interaction and feedback. Media Pipe,
developed by Google, is a prime example of a robust pose estimation system. It leverages a
combination of machine learning models to provide high-fidelity pose detection and tracking.
Media Pipe’s pose estimation module can analyze video frames in real-time, identifying 33 key

points on the body and providing detailed information about joint positions and movements.

This data can be used to assess the correctness of exercises, offer personalized feedback,
track progress and improvement over time, and prevent injuries by ensuring proper form. By
accurately estimating and analysing poses, Media Pipe facilitates comprehensive exercise
monitoring and guidance, making it a valuable tool for fitness enthusiasts, trainers, and
healthcare professionals.

The image presents a structured table detailing the angle and distance calculations used
in the Al-powered fitness trainer project, particularly for evaluating various workout postures
like bicep curls, push-ups, and squats. Each row describes a specific function used to measure
body posture through landmark angles or pixel distances. These measurements help estimate
the accuracy and form of a user's exercise movements using MediaPipe's pose estimation
landmarks.

In the first row, the function find Angle (img, 12, 14, 16) uses the right shoulder, right
elbow, and right wrist landmarks to calculate angles ranging from 25° to 180°, which is
specifically used to estimate bicep curls. The second and third rows also use angle
calculations—targeting the same or similar landmarks—to estimate push-ups, with acceptable
angle ranges between 85° and 165°. These angles ensure the user is performing full push-up

motions with correct elbow positioning.
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The third function uses the left wrist, elbow, and shoulder (landmarks 15, 13, 11) for

the same purpose on the left side.

Table 4.3 Angle and Distance Calculation Table for exercise Pose Estimation

S.NO Angle Calculation

(Function Used)
1 Find Angle(img,12,14,16)
2 Find Angle(img,12,14,16)
3 Find Angle

(img, 15,13,11)

4 Find stance (13,25, img)
5 Distance (img, 20,18 ,8)
6 Find distance (0.32, img)

Landmarks Used

Right Shoulder,

Eibow, Wrist

Right Shoulder,

Eibow, Wrist

Left wrist,

shoulder

elbow,

Left Elbow,

Knee

Unknown

combination

Nose to Foot

(approx.)

left

Angle
Range

25 to 180

85 to 165

85 to 165

50 to 200
(in pixles)
<not
specified>
170 to 330

(in pixels)

Purpose

Estimate for bicep

curls

Estimate for pushups

Estimate for pushups

Used for squat

estimation
Used for grounding
reference
Used to check
standing height (for

squats)

The fourth function, find Distance (13, 25, img), calculates the pixel distance between the

left elbow and left knee, which typically ranges from 50 to 200 pixels. This distance is used for

estimating squat depth, helping the system determine whether a user is squatting low enough.

The fifth function, using landmarks 20, 18, and 8, is marked as an unknown combination but is

applied for grounding reference, ensuring the user is stable during movement. Lastly, the sixth

row calculates distance between the nose and foot (landmarks 0 and 32), typically between 170

to 330 pixels, which helps estimate standing height during squats to check proper form.

The landmark indexes used in the table. These landmark indexes (such as 12, 14, 16, etc.)

correspond to specific body parts identified by MediaPipe’s Pose estimation model. MediaPipe

assigns numerical values to different key points on the human body to allow developers to

accurately track and analyze movements using computer vision.These landmarks are essential

32



for calculating body angles and distances between joints or points of reference during various

physical exercises.

Specifically, the note mentions that landmark 12 represents the right shoulder, 14
corresponds to the right elbow, and 16 is the right wrist. Similarly, for the left side of the body,
13 refers to the left elbow, 15 to the left wrist, and 11 to the left shoulder. Additionally, landmark
0 denotes the nose, and 32 represents the right foot index, which is helpful for estimating height
and squat depth. Landmarks 20, 18, and 8 are also mentioned, although they are used less
commonly; these may refer to the hips, knees, or other joints, depending on the version of the
MediaPipe library being used. Understanding these landmarks is crucial for accurately

measuring exercise movements and delivering feedback on form and posture.

44  TRAINING PROCEDURE

The training procedure for the Al-powered smart gym system is a multi-stage pipeline
designed to enable real-time exercise detection, pose estimation, and feedback generation.
The process begins with capturing video input—either through a live camera feed or a pre-
recorded dataset—ensuring diverse perspectives and exercise scenarios. This input undergoes
preprocessing steps including frame extraction, normalization, augmentation, and key point
detection using pose estimation techniques. Subsequently, annotated datasets are used to train
convolutional neural networks (CNNs), which are optimized and integrated into the
MediaPipe framework for efficient real-time inference. Once trained, the model calculates
critical biomechanical parameters such as joint angles and body part distances to evaluate
exercise form. The final stage involves recognizing specific exercises like squats, push-ups,
and curls, while accurately counting only the repetitions that meet correct form criteria,
thereby providing users with precise and effective fitness guidance.
Stagel: The input to the system is a live camera feed or a pre-recorded video dataset,
capturing individuals performing exercises from various angles and perspectives. The
camera(s) can be placed in a gym or home workout setting, providing a clear view of the
user’s movements. The video dataset can include diverse exercises, body types, and
environments, ensuring the system’s robustness and generalization capabilities. The live
camera feed or video dataset is then processed by the computer vision model, which extracts
relevant features, detects key points, and estimates the user’s pose, enabling real-time

feedback and analysis of their exercise form and technique.
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» Stage2: The preprocessing process involves cleaning the data by removing corrupt or
irrelevant frames, extracting individual frames from the video feed or dataset, resizing them
to a uniform size, normalizing pixel values, and applying random transformations for data
augmentation. Next, object detection techniques identify the person or body parts in each
frame, followed by key point detection using pose estimation algorithms to locate specific
joints or landmarks. The key points are then tracked across frames to create a motion
trajectory, and relevant features such as pose, movement, and alignment are extracted.

» Stage3: Gather lots of images or videos related to the task. For example, if they want to track
hands, they collect many pictures and videos of hands.Add labels to the collected data. This
means marking important parts like where the fingers are in the hand images. Pick a type of
machine learning model that suits the task. For images, they often use models called
Convolutional Neural Networks (CNNs). Teach the model using the labelled data. The model
learns to match inputs (like pictures of hands) to the correct outputs (like finger positions).
Make the model more efficient for use. This might involve simplifying it or reducing its size
without losing accuracy. Check how well the model works on new data it hasn’t seen before.
This ensures it performs well in real-world situations. Add the model to the MediaPipe
framework. This allows developers to use it easily in their own applications, providing results
in real-time.

» Staged: The system calculates various distances and angles from the extracted key points to
analyze the user’s exercise form and technique. These calculations include: Calculating the
angles between limbs and body parts, such as the elbow angle, knee angle, and hip angle.
Measuring the distance between key points, like the distance between the shoulder and hip,
or the distance between the knee and ankle. Analysing the user’s posture by calculating the
angles and distances between key points, such as the alignment of the spine, shoulders, and
hips. Tracking the movement of key points over time, enabling the calculation of velocities,
accelerations, and other movement parameters.

» Stage5: In this stage it detects the exercise and find the correct form of exercises like squats,

curls, push ups and counts only perfect squat, push up or curls repetitions.
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4.5 Dataset Preparation for AI-Based Personal Training System
Data Collection

The dataset for Al personal training using a pose estimation module involves collecting
video data of individuals performing various exercises. Sources include fitness centres, sports
academies, and publicly available fitness datasets, ensuring adherence to ethical guidelines and
participant consent. Additionally, live camera feeds provide real-time data input for the Al
personal trainer, enhancing its adaptability and responsiveness. The dataset size should be
substantial to capture diverse exercise forms, with demographics covering various ages,
genders, and fitness levels to ensure inclusivity and relevance.

Dataset Characteristics

The dataset consists of labelled videos indicating the type of exercise (e.g., squats, push-
ups, curls) and the correct form. It includes metadata such as age, gender, fitness level, and any
relevant clinical attributes like injury history. Statistical summaries, such as the distribution of
exercises, and visual representations, like histograms or pie charts, help in understanding the

diversity and complexity of the dataset.

Preprocessing Steps:

To standardize the input data, various preprocessing steps are applied. Video frames are
resized to a consistent resolution to ensure uniformity, while pixel intensities are normalized to
a common scale, improving model training efficiency. Data augmentation techniques such as
rotation, flipping, and scaling are employed to increase dataset diversity and robustness,
simulating various angles and positions. Quality enhancement measures, including filters and
adjustments, improve video clarity, ensuring key points are accurately detectable.

These steps ensure the dataset is well prepared for effective model training. Quality
Control: Maintaining high dataset quality involves several procedures. Outlier detection is
performed to identify and remove anomalous data points that do not represent typical exercise
forms. Artifact removal eliminates noise and irrelevant data that could affect model accuracy.
Validation against expert or clinically annotated standards ensures the dataset is accurately
labelled and reliable for model training. These quality control measures are essential to mitigate

biases and ensure the robustness of the Al model.
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4.6 EVALUATION METRIC

Performance Metrics: Performance Metrics for the Al Personal Trainer for Exercise
Analysis include Accuracy, which measures the percentage of correctly tracked
exercises and identified correct/incorrect forms; Precision, which calculates the
percentage of true positives out of total identified correct forms; Recall, which
determines the percentage of true positives out of total actual correct forms; F1 Score,
which provides a balanced measure of both precision and recall.

Cross-Validation: Cross-validation for the Al Personal Trainer for Exercise Analysis
evaluates the model’s performance on unseen data using techniques like K-Fold, Leave-
One-Out, Stratified, and Time Series Cross-Validation. This ensures the model is robust,
reliable, and accurate in tracking exercises and identifying correct/incorrect forms,
providing effective feedback and guidance to users.

Statistical Analysis: Statistical analysis uses techniques like descriptive statistics,
inferential statistics, correlation analysis, regression analysis, time series analysis, and
survival analysis to examine relationships between variables, test hypotheses, and
validate the machine learning model’s performance. This helps understand the Al
trainer’s effectiveness and identify improvement areas.

Clinical Relevance: Significant clinical relevance aiming to improve exercise form and
reduce injury risk, particularly for individuals with musculoskeletal conditions or
chronic pain. Personalized coaching and real-time feedback can promote effective
rehabilitation, enhance physical function, and make exercise more accessible for

diverse populations, improving health outcome.
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CHAPTER 5
SOFTWARE REQUIREMENT

5.1 Python

Python is a widely recognized high-level programming language, celebrated for its
versatility and ease of use. Here are some key facts about Python. Popularity: Python is
currently the most commonly used multi-purpose programming language across various
domains. It supports both Object-Oriented and Procedural programming styles, making it
adaptable to different programming needs. Python programs are typically shorter and more
concise compared to other languages, such as Java, allowing developers to accomplish tasks
with less code. The language's emphasis on indentation enhances readability, making the code
clearer and easier to understand. Many leading tech companies, including Google, Amazon,

Facebook, Instagram, Dropbox, and Uber, utilize Python for various applications.
Key Strengths:

One of Python's most significant advantages is its extensive standard library, which
offers tools for a variety of applications, including:

Machine Learning: Libraries for developing and deploying machine learning models.

GUI Applications: Frameworks such as Kivy, Tkinter, and PyQt for creating graphical user
interfaces.

Web Development: Powerful web frameworks like Django, which support popular platforms
such as YouTube, Instagram, and Dropbox.

Image Processing: Libraries like OpenCV and Pillow for tasks related to image manipulation
and processing.

Web Scraping: Tools such as Scrapy, BeautifulSoup, and Selenium for extracting data from
websites.

Testing Frameworks: A range of frameworks available to facilitate software testing.
Multimedia Applications: Libraries that assist in handling multimedia content.
5.2 History of Python

Python was created in the late 1980s by Guido van Rossum at Centrum Wiskunde &
Informatica (CWI) in the Netherlands, aimed at being a successor to the ABC programming

language. Development began in December 1989, and the first official version, Python 0.9.0,
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was released in February 1991. This initial version included essential features such as

functions, exception handling, and core data types like lists and dictionaries.

The first stable release, Python 1.0, came out in January 1994, introducing functional
programming tools like lambda, map, filter, and reduce, which contributed to its growing
popularity. Python 2.0 was released in October 2000, incorporating list comprehensions and
garbage collection, which improved memory management and encouraged a more organized

community through the Python Enhancement Proposal (PEP) process.

In December 2008, Python 3.0 was released, marking a significant redesign that was
not backward-compatible with Python 2.x. This version aimed to rectify inconsistencies in the
language and improve Unicode support while introducing new syntax features. Despite the
advantages of Python 3, Python 2 continued to be widely adopted, especially in legacy systems,

leading to a coexistence of both versions until the end of Python 2 support in January 2020.

Today, Python stands as one of the most popular programming languages, valued for
its simplicity and versatility across various domains, including web development, data science,
and machine learning. The Python Software Foundation actively maintains the language,
fostering a robust community of developers. With a rich ecosystem of libraries and frameworks,
such as NumPy, Django, and TensorFlow, Python's growth reflects its commitment to
readability, ease of use, and strong community support, making it a preferred choice for both

beginners and seasoned programmers alike.

Python is an ideal choice for skin cancer detection due to its extensive libraries and
frameworks, such as TensorFlow, Keras, and OpenCV, which simplify the development of
machine learning and image processing algorithms. Its clear and concise syntax enhances code
readability and maintainability, making it accessible for both developers and medical
professionals. Python's strong support for deep learning techniques, particularly Convolutional

Neural Networks, allows for effective image classification.

Its cross-platform compatibility and integration capabilities facilitate deployment in
various environments. The active Python community also provides valuable resources,

ensuring that developers have access to support and knowledge as they create solutions.
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5.3 Installation Process of Visual Studio Code (VS Code)

Visual Studio Code (VS Code) is a lightweight yet powerful source-code editor developed by
Microsoft. It is widely used for programming in multiple languages, including Python, C++, Java,
and JavaScript. It provides features like syntax highlighting, debugging, extensions, and integrated
Git support, making it an ideal choice for software development. Below is a detailed step-by-step

guide for installing VS Code on Windows, macOS, and Linux.
e Step 1: Download VS Code

To install VS Code, the first step is to download the setup file from the official Microsoft

website. Open a web browser and visit the official VS Code website (https://code.visualstudio.com/).

The website automatically detects your operating system and suggests the appropriate installer. Click
on the “Download for Windows”, “Download for macOS”, or “Download for Linux” button
depending on your system. If the website does not detect your OS correctly, you can manually select

the appropriate installer from the available options.
e Step 2: Install VS Code on Windows

After downloading the .exe file, locate it in the Downloads folder and double-click to start the
installation process. The VS Code Setup Wizard will appear. Follow these steps:

1. Click "Next" to continue.
2. Accept the License Agreement and click "Next" again.

3. Choose the installation location (default is C:\Program Files\Microsoft VS Code). If you want

to install it in a different folder, click "Browse" and select a location.

4. In the Select Additional Tasks section, check the following options for better
functionality:

o Add "Open with Code" to the Windows Explorer file context menu

o Add "Open with Code" to the Windows Explorer directory context menu
o Register VS Code as the default editor for supported file types

o Add to PATH (important for command-line usage)

5. Click "Next" and then "Install". The installation will take a few moments.

39


https://code.visualstudio.com/

6. Once completed, click "Finish" to launch VS Code.

After installation, VS Code will open with a welcome screen, and you can start coding
immediately.

e Step 3: Install VS Code on macOS

For macOS users, the downloaded file will be in the .zip format. Follow these steps to
install VS Code:

1. Open the Downloads folder and locate the VSCode-darwin.zip file.

2. Double-click the file to extract it, and you will see a new Visual Studio Code
application.

3. Drag the Visual Studio Code.app file into the Applications folder.

4. To allow VS Code to run smoothly, open Terminal and type the following command to
add it to the system PATH:

sudo In -s /Applications/Visual\ Studio\ Code.app/Contents/Resources/app/bin/code
/ust/local/bin/code

5. Now, you can open VS Code from the Applications folder or by typing code in the
Terminal.

e Step 4: Install VS Code on Linux

For Linux users, VS Code can be installed using a .deb (for Debian/Ubuntu) or .rpm
(for Fedora/RedHat) package. The installation process varies slightly for different distributions:

For Ubuntu/Debian-based Linux:
1. Open a terminal and navigate to the directory where the .deb file is downloaded.
2. Run the following command to install VS Code:
sudo dpkg -i code *.deb
sudo apt-get install -f # Fix dependencies if needed

3. Once installed, VS Code can be launched from the application menu or by typing code
in the terminal.

For Fedora/RedHat-based Linux:
1. Navigate to the Downloads folder and install the .rpm package using:
sudo rpm -i code-*.rpm
2. If you're using a package manager, you can install VS Code using dnf:

Sh, sudo dnf install code
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. After installation, you can open VS Code from the applications menu or use the command code

in the terminal.
e Step S: Verify the Installation

After installing VS Code, it is important to verify that it has been installed correctly. Open a

terminal or command prompt and type:
code --version

If VS Code is installed properly, this command will display the installed VS Code version

number.
e Step 6: Install Extensions for Additional Features

One of the best features of VS Code is its extensions, which add extra functionality. You can

install extensions for Python, C++, Java, HTML, JavaScript, and more. To install extensions:

Open VS Code and click on the Extensions icon (Ctrl + Shift + X on Windows/Linux or Cmd
+ Shift + X on macOS).

. In the search bar, type the name of the extension (e.g., Python for Python development).
Click Install and wait for the installation to complete.
. Restart VS Code to apply changes.

e Step 7: Configure VS Code for Python Development (Optional)

Fig 5.1 Installation Process of Visual Studio Cde (VS Code)
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If you are planning to use Python with VS Code, you need to install Python and set it up
properly:
1. Install Python from the official website (https://www.python.org/).

2. Open VS Code and install the Python Extension from the Extensions Marketplace.

3. Set up the correct Python interpreter by pressing Ctrl + Shift + P, typing Python: Select
Interpreter, and choosing the installed Python version.

Now, you are ready to start writing and executing Python programs in VS Code.
Step 8: Running a Sample Program
To check if VS Code is working properly, create a simple Python program:
1. Open VS Code and click on File — New File.
2. Save the file as test.py.
3. Write the following code:
python
print("Hello, VS Code!")
4. Click on Run — Run Without Debugging or press Ctrl + F5.
If "Hello, VS Code!" is displayed in the output terminal, the installation was successful.
5.4 How to Install Python on Windows and Mac

There have been several updates in the Python version over the years. The
question is how to install Python? It might be confusing for the beginner who is willing to start
learning Python but this tutorial will solve your query. The latest or the newest version of

Python is version 3.7.4 or in other words, it is Python 3.
Note: The python version 3.7.4 cannot be used on Windows XP or earlier devices.

Before you start with the installation process of Python. First, you need to know about
your System Requirements. Based on your system type i.e. operating system and based

processor, you must download the python version.

My system type is a Windows 64-bit operating system. So the steps below are to install
python version 3.7.4 on Windows 7 device or to install Python 3. Download the Python Chat
sheet here. The steps on how to install Python on Windows 10, 8 and 7 are divided into 4 parts

to help understand better. Download the Correct version into the system
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e Step 1: Go to the official site to download and install python using Google Chrome or
any other web browser. OR Click on the following link:

https://www.python.org.

Now, check for the latest and the correct version for your operating system.

e Step 2: Click on the Download Tab.

Download the latest version for Windows

Looking for Python with a different OS? Python for Windows,

Linux/UNIX. Mac OS X, Other

Want to help test development versions of Python? Pre-releases,

Looking for Python 2.7? See below for specific releases

Fig 5.2 Downloading page
e Step 3: You can either select the Download Python for windows 3.7.4 button in Yellow

Color or you can scroll further down and click on download with respective to their version.

the most recent Python version for Windows, 3.7.4, is being downloaded.

Looking for a specific release?
reledses by version numbe
Release vernion Release date Click for more

Pythen 3.7.4
Pythen 3.6.0
Pythen 3.7 ach 25 01
Pythen 3400 larch 14, 2019
Pythen 3.5.7 farch 18, 201

Pythen 17,04

= = - > - -

Pythen 3.7.2 eC 34, 201 F 3

Fig 5.3 Python Versions
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e Step 4: Scroll down the page until you find the Files option.
e Step 5: Here you see a different version of python along with the operating

system.

To download Windows 32-bit python, you can select any one from the three options:
Windows x86 embeddable zip file, Windows x86 executable installer or Windows x86 web-

based installer.

To download Windows 64-bit python, you can select any one from the three options:
Windows x86-64 embeddable zip file, Windows x86-64 executable installer or Windows x86-

64 web-based installer.

The Windows x86-64 web-based installer will be installed. The first part, selecting the
Python version to download, is now complete. Moving on to the second part: installing Python.

1.e. Installation

Note: To know the changes or updates that are made in the version you can click on the

Release Note Option.

Installation of Python
e Step 1: Go to Download and Open the downloaded python

version to carry out the installation process.

Lf"'

s,

hon-3.7

python-3.7 4. =

364 -webind %' Run as administrator
e | (® Importto Grammarly

:;_.D."..L" D’:

Troubleshoot compatibility

%* Move to Dropbox

Fig 5.4 Installation page
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e Step 2: Before you click on Install Now, Make sure to put a tick on Add Python 3.7
to PATH.

S Python 3.7.4 (64-bit) Setup

Install Python 3.7.4 (64-bit)

Select Install Now to install Python with default settings, or choose
Customize to enable or disable features.

# Install Now
CiUsers\ DELL\AppData\Local\Programs\Python\Python37

Includes [DLE, pip and documentation
Creates shortcuty and file associations

< Customize installation
Choose location and features

python

for Install launcher for 3l users {recommended)

Wind()ws [¥] Add Python 3.7 to PATH

Fig 5.5 After Installing Process

e Step 3: Click on Install NOW After the installation is successful. Click
on Close.

Setup was successful

Spedial thanks to Mark Hammond, without whose years of
freely shared Windows expertise, Python for Windows would
still be Python for DOS.

New to Python? Start with the gnline tutorial and
QQ;HI’T?EO[E['; 1)

See what's new in this release.

python

for

windows (G

Fig 5.6 Success confirmation

With these above three steps on python installation, you have successfully and correctly

installed Python. Now is the time to verify the installation.
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Note: The installation process might take a couple of minutes.
Verify the Python Installation

e Step 1: Click on Start
e Step 2: In the Windows Run Command, type “cmd”.
e Step 3: Open the Command prompt option.

Programs (1)
=S crnd.exe

S0 See more results

[ crma < | Shwut down | > |

Fig 5.7 Command Prompt

e Step 4: Let us test whether the python is correctly installed. Type python —V and press

Enter.

e Step 5: You will get the answer as 3.7.4

Note: If you have any of the earlier versions of Python already installed. You must first uninstall

the earlier version and then install the new one. Check how the Python IDLE works.

e Step 1: Click on Start
e Step 2: In the Windows Run command, type “python idle”.

Programs (2)

_" IDLE (Python 3.7 64-bit)
P pythonidle

Fig 5.8 Types of Programs
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e Step 3: Click on IDLE (Python 3.7 64-bit) and launch the program

Microsoft Windows [Version 6.1.76811
Copyright (c) 2009 Microsoft Corporation. All rights reserved.

C:\Users\DELL>python -V
Python 3.7.4

MC:\Users\DELL),.

Fig 5.9 Command to access

e Step 4: To go ahead with working in IDLE you must first save the file. Click on
File > Click on Save

e Step 5: Name the file and save as type should be Python files. Click on SAVE. Here
I have named the files as Hey World.

e Step 6: Now for e.g. enter print (“Hey World”) and Press Enter.

You will see that the command given is launched. With this, we end our tutorial on how to
install Python. You have learned how to download python for windows into your respective

operating system.

Note: Unlike Java, Python does not need semicolons at the end of the statements otherwise

1t won’t work.

File Edit Shell Debug Options Window Help
Pycthon 3.7.4 (taga/v3.7.4:e09359%112e¢, Jul 8 2019, 20:34:20) [MSC v.1916 64 bit (A
MD64 n win
Iype "help "copyright®™, "credics® or * ense ()" more forma n
l..’:’.:'?.f:.':":":": .aw‘.»i:': sers\DE Desktop\Hey World.p
pri ) §
Hav Nor !
>>> | !
| !
‘S U U R

Fig 5.10 Initializing Program
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5.5 Modules and Libraries
1. Computer Vision & Pose Estimation

Computer vision is a critical component of the project, enabling real-time movement analysis
and feedback.

a. OpenCYV (cv2)

e Purpose: OpenCV (OpenSource Computer Vision Library) is used for image
processing, object detection, and video frame analysis.

o Usage in Project:
o Capturing real-time video from a webcam or external camera.
o Preprocessing images (e.g., grayscale conversion, edge detection, smoothing).

o Applying contour detection and bounding box techniques for tracking body
parts.

b. MediaPipe (mediapipe)

e Purpose: MediaPipe is a powerful framework developed by Google for real-time hand,
face, and body pose detection.

o Usage in Project:
o Extracting landmark points of human body joints using MediaPipe Pose.
o Tracking body movement to analyze posture and detect incorrect exercise form.

o Mapping key joint positions (shoulders, elbows, knees, etc.) to measure angles
and assess exercise correctness.

2. Machine Learning & Deep Learning
Al models in this project analyze user movements and suggest corrections in real time.
a. TensorFlow (tensorflow) / Keras (keras)

e Purpose: TensorFlow and Keras are used for deep learning model development and
pose estimation-based classification.

o Usage in Project:

o Training CNN (Convolutional Neural Networks) for movement recognition and
classification.

o Using pre-trained models (such as MoveNet or PoseNet) for faster and more
accurate pose estimation.

o Deploying real-time inference models to classify correct vs. incorrect workout
postures.
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b. Scikit-learn (sklearn)

e Purpose: Scikit-learn provides tools for machine learning tasks such as classification,
regression, and clustering.

o Usage in Project:

o Applying support vector machines (SVM) or decision trees for movement
classification.

o Training Al models using pose landmarks as feature vectors to predict form
correctness.

o Using metrics such as accuracy, precision, recall to evaluate model
performance.

3. Data Processing & Analysis

Data processing is crucial for cleaning, organizing, and analyzing workout data.

a. NumPy (NumPy)
e Purpose: NumPy is a numerical computing library used for efficient array operations.
o Usage in Project:

o Handling poses landmark coordinates as numerical arrays.

o Performing mathematical computations on movement angles for form
validation.

o Optimizing data structures for fast computation.

b. Pandas (pandas)

o Purpose: Pandas is used for handling structured datasets, including workout logs and
performance tracking.

o Usage in Project:
o Storing and analysing exercise movement data collected from different users.
o Creating data frames to analyze workout progress over time.
o Exporting workout history to CSV files or databases for later reference.
c. Matplotlib (matplotlib) & Seaborn (seaborn)

e Purpose: These libraries help visualize workout performance and pose correction
insights.

o Usage in Project:
o Plotting body joint angles and motion trajectories to analyze posture.
o Creating progress graphs to monitor workout improvements over time.
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CHAPTER 6

RESULTS AND DISCUSSION

The Al Exercise Trainer for Personalized Workouts is a comprehensive web-based
application designed to generate customized fitness and nutrition plans for users based on their
personal health data. The system integrates artificial intelligence with user inputs to deliver
accurate and goal-specific workout routines and diet plans. The application is structured in a
step-by-step format, guiding the user through a seamless experience from data entry to
receiving fully tailored health recommendations. Each step has been carefully crafted to build
upon the previous one, ensuring that the fitness plan is personalized, practical, and scientifically

sound.

The following steps include user data input, health metric calculations (BMI and BMR),
personalized diet plan generation, food recommendations, a tailored exercise plan, and a
detailed weekly workout schedule. These steps work together to provide a full-body
transformation roadmap aimed at helping users achieve their health and fitness goals effectively
and sustainably.

6.1 Personalized Fitness and Nutrition Plan Generation:

The home page of the Al-powered exercise trainer web application. At the top, the title
“Al Exercise Trainer for Personalized Workouts™ is displayed, which introduces the user to the
purpose of the application — to deliver personalized fitness experiences using artificial
intelligence. Navigation options like “Get A Trial” and “Pay Now” suggest that users can try

the application for free and subscribe for more features.

WELCOME TO THE PERSONAL FITNESS TRAINER

please Enter your details below

Fig 6.1 Login Process
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The overall design conveys a modern, sleek fitness-themed aesthetic. This first
impression builds trust and provides clarity to the user about the platform's goal: to help them

stay fit through customized workout and diet plans based on their personal data.
» Step 1: login Process:

The Figure 6.2.1 shows the form where users enter their personal details, which is
crucial for generating a customized workout and diet plan. The inputs collected include Name,
Age, Gender, Height, Weight, and Body Mass Index (BMI). Based on these values, the system
calculates the user’s BMI classification (e.g., Obese, Underweight, Normal) and sets realistic
fitness goals. This step is the foundation of personalization, as it tailors the upcoming

recommendations to each individual’s unique physical profile.
> Step 2: Fitness Analysis Display:

Figure 6.2.2 show which is a crucial stage in personalizing the user's fitness journey.
Upon entering this page, the user is warmly welcomed by name—"Hello, GOSIKONDA
SRIRAM"—which adds a personalized touch and enhances user interaction. The central part
of'this screen is dedicated to presenting a neatly organized fitness analysis report in a card-style
layout. Key personal health metrics are highlighted here to give users a clear understanding of

their current physical status. These include the Age (20), Height (156 cm), and Weight (56 kg).

Al Execercise Train

liZ8 Wikt plans, and accurate posture correction through cutting-edge computer vision technology. Whe
* guide you every step of the way. Remember, fitness is not just a goal; it's a lifestyle — and with Al as

Hello, GOSIKONDA SRIRAM

Here is your Fitness Analysis

Height:156

Weight:56 BMI:23.01

Ideal Weight Range:45.02

Fig: 6.2 Fitness Analysis
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In addition, it displays the BMI (Body Mass Index) value of 23.01, which falls under
the category of “Normal weight,” as indicated in the Health Status box.

Lastly, the system suggests the Ideal Weight Range, which is shown to be 45.02 kg,
giving the user a goal reference for maintaining or improving their physical health. This page
acts as the foundation for generating customized diet and workout plans in the steps that
follow and helps users gain insight into their health status in a user-friendly and visually

structured format.
» Step 3: Personalized Diet Plan: (Vegetarian meal and non-vegetarian meal plan):

This figure 6.2.3 presents the diet plan generation module, specifically for users who have
selected the “Vegetarian” option. The Al model provides a detailed daily meal schedule with
timings and specific food portions, including breakfast, lunch, snacks, and dinner. Each meal
is designed for someone with an “Obese” BMI classification. Additionally, the system
recommends daily supplements such as multivitamins, omega-3 capsules, and protein shakes.
This personalized plan ensures that the user receives all essential nutrients while promoting

weight management and healthy living.

I Execercise Tra Get A Trial

Get Your Personalized Diet Plan

Select Diet Type:

Get Diet Plan

Supplements:

Figure:6.3 Personalized Diet Plan (Vegetarian)
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» Step 4: Non-Vegetarian Diet Plan Selection:

The figure 6.2.4 shows the non-vegetarian diet plan, following a similar layout as the
vegetarian one. Despite selecting a different dietary type, the plan still focuses on individuals

classified as “Obese” and includes high-protein, low-carb meals to promote weight loss.

Al Execercise Trainer GeiATeisl  PayNew

Get Your Personalized Diet Plan

Select Diet Type

‘ Non-Vegetarian v

Get Diet Plan

@ *Vegetarian Diet Pla

1 medium)

Supplements Multivitamin:

Your Personalized Diet Plan

. 4

- >

e '@ "8
Figure:6.4 Personalized Diet Plan (Non-Vegetarian)

The inclusion of animal protein sources like eggs or fish would typically be part of such
plans (though not visibly listed in this figure). Supplements remain the same, maintaining
nutritional balance. This step reflects the flexibility of the system in addressing different user

preferences and lifestyles.

> Step 5: Personalized Exercise Plan:

The figure 6.2.5 outlines two critical health components: recommended foods and a
personalized exercise plan. The recommended foods include healthy choices like lean protein
salads, green tea, berries, nuts, and green vegetables, promoting a balanced diet rich in fiber,

vitamins, and good fats. Below that, the Al-generated exercise plan is presented.
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It suggests Strength Training for 60 minutes, five times a week, at a high intensity. This
plan is customized based on the user’s BMI and body goals. It emphasizes how consistency in

exercise and diet leads to effective fitness outcomes.

I Execercise Train

Recommended Daily Foods

@ Salads with Lean Protein (Low-calorie meals)
Broceoli & Spinach (High in fiber & iron)
@ Apples & Berries (Low sugar, high vitamins)
@ Green Tea (Boosts
Salmon & Nuts (Healthy omeg;

Your Personalized Exercise Plan

Exercise Type:Strength Training Duration:60minutes

Frequency:Stimes/week Intensity:High

- -

A\ NOTE: Remember, consistency in both diet and exercise is key 10 a healthier you. Consult a dietician or nutritionist for personalized l:l plans tailored toWourfitness goals.
[

Figure:6.5 Personalized Exercise Plan
» Step 6: Daily Fitness Routine Schedule — Weekly Workout Plan:

This final figure showcases the detailed weekly fitness schedule, where each day is dedicated

to a specific body part or fitness goal. For example:
* Monday focuses on Chest and Shoulders,

* Tuesday targets Back and Biceps,

» Wednesday is for Leg Day,

* Thursday revisits Shoulders,

* Friday combines Pull-Push Superset,

* Saturday ends the week with Cardio training.

This breakdown helps ensure complete body training, muscle recovery, and performance

improvement. It prevents overtraining and promotes a systematic approach to fitness.
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1.Muscle: Muscle groups refer to different sections of the human body that contain clusters
of muscles responsible for movement and strength. Exercises are designed to target specific

muscle groups to improve endurance, flexibility, and muscle growth.
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Figure:6.6 Full Body Muscle Engagement Map
2. Chest (Pectorals):

Figure 6.7 chest(pectorals)

The chest muscles, or pectorals, are responsible for pushing movements. Exercises

targeting the chest help improve upper body strength and posture.

* Bench Press: A strength-training exercise where a person lies on a bench and pushes a

weighted barbell upwards.
» Push-ups: A bodyweight exercise that strengthens the chest, shoulders, and triceps.

* Dumbbell Flys: An exercise where a person lies on a bench and moves dumbbells in a

wide arc to stretch and build the chest muscles.
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» Cable Crossovers: A resistance exercise using cables to isolate the chest muscles for

better definition.

3.Shoulders (Deltoids):

AULNUnUYN

Figure 6.8 Shoulders (Deltoids)

The shoulder muscles, known as deltoids, enable arm movement in multiple directions.

Strengthening them improves stability and posture.

» Shoulder Press: A compound movement that involves lifting weights overhead to build

shoulder strength.
» Lateral Raises: A shoulder isolation exercise that involves lifting dumbbells to the sides.
* Front Raises: Lifting dumbbells in front of the body to work the front delts.

* Arnold Press: A variation of the shoulder press named after Arnold Schwarzenegger,

involving a rotating motion.

4. Back (Trapezius, Latissimus Dorsi)

Figure 6.9 Back (Trapezius, Latissimus Dorsi)

The back muscles support posture, pulling motions, and spine stability.
* Pull-ups: A bodyweight exercise that strengthens the upper back and arms.

* Deadlifts: A weightlifting movement where a person lifts a barbell from the ground,

engaging the entire back and lower body.
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» Bent-over Rows: A strength exercise that involves pulling weights towards the torso

while bending forward.
» Lat Pulldowns: A cable exercise that mimics a pull-up to strengthen the latissimus dorsi.

5. Arms (Biceps, Triceps, Forearms)

Figure 6.10 Arms (Biceps, Triceps, Forearms)
The arm muscles are responsible for pushing and pulling movements.
* Bicep Curls: An exercise that involves curling weights to strengthen the biceps.
* Hammer Curls: A variation of bicep curls where the weights are held in a neutral grip.
» Triceps Dips: A bodyweight exercise that strengthens the triceps.
» Skull Crushers: A triceps isolation exercise performed with dumbbells or a barbell.

6. Abdomen (Core):

Figure 6.10 Abdomen (Core)
The core muscles provide stability and balance for the body.
* Crunches: A basic core exercise that strengthens the abdominal muscles.
* Leg Raises: An exercise where legs are lifted while lying down to engage the lower abs.
* Russian Twists: A rotational core exercise that strengthens the obliques.

» Planks: A static core exercise that builds endurance and strengthens the midsection

57



7. Glutes (Buttocks):
The gluteal muscles support lower body movements and overall stability.
* Squats: A compound movement that targets the glutes, thighs, and core.

» Hip Thrusts: An exercise that isolates the glutes by lifting the hips while the upper back
is supported.

Figure 6.11 Glutes (Buttocks)
* Lunges: A movement that targets the glutes, quadriceps, and hamstrings.
* Deadlifts: In addition to the back, deadlifts activate the glutes significantly.

7. Legs (Quadriceps, Hamstrings, Calves):

Figure 6.12 legs (Quadriceps, Hamstrings, Calves)
The leg muscles support body weight and mobility.
» Squats: Strengthens the legs and glutes.
* Leg Press: A machine exercise that isolates the leg muscles.
» (Calf Raises: Strengthens the calves by lifting the heels off the ground.
* Leg Curls: Strengthens the hamstrings using a leg curl machine.
9. BMI (Body Mass Index) Integration

BMI is a numerical value derived from a person’s weight and height. The Al system
calculates BMI and suggests suitable exercises based on whether the user is underweight,

normal weight, overweight, or obese.
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10. Diet Selection (Veg/Non-Veg)

The diet module allows users to choose between vegetarian and non-vegetarian meal plans.
It provides nutrition recommendations that complement the user's fitness goals, ensuring

proper muscle recovery and energy levels.
11. AI-Powered Recommendations

The AI system personalizes workouts based on the user’s fitness level, body type, and

progress, ensuring an optimized workout experience.

12. Progress Tracking

Users can monitor their fitness journey with real-time progress tracking, including:
»  Workout history

* Calories burned

» Strength improvements

6.2 SAMPLE DATASETS

The training and evaluation of Al models for this system rely on diverse
datasets. Video-based datasets contain annotated footage of various exercises performed by
individuals, providing essential visual data for training pose estimation models. Sensor-
based datasets, collected from fitness trackers and wearable devices, offer additional
biomechanical data, including motion trajectories, acceleration patterns, and physiological
responses. Additionally, user profiles and historical workout data help personalize exercise
recommendations, ensuring that the system adapts to individual fitness levels and
preferences. By incorporating these datasets, the Al Personal Trainer can continuously

improve its tracking accuracy and provide more tailored guidance to users.

The training and evaluation of Al models for this system rely on diverse
datasets. Video-based datasets contain annotated footage of various exercises performed by
individuals, providing essential visual data for training pose estimation models. Sensor-
based datasets, collected from fitness trackers and wearable devices, offer additional
biomechanical data, including motion trajectories, acceleration patterns, and physiological
responses. Additionally, user profiles and historical workout data help personalize exercise

recommendations, ensuring that the system adapts to individual fitness levels and
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preferences. By incorporating these datasets, the Al Personal Trainer can continuously

improve its tracking accuracy and provide more tailored guidance to users.

The Al Personal Trainer represents a groundbreaking advancement in fitness
technology, offering a highly accurate, personalized, and interactive workout experience.
By integrating state-of-the-art Al techniques, the system overcomes the limitations of
traditional exercise tracking methods and provides a smarter, more effective approach to
fitness. The incorporation of computer vision, machine learning, and real-time feedback
ensures that users receive the most precise exercise analysis and recommendations possible.
Future developments will further enhance the system’s accuracy and user engagement,
making Al-driven fitness coaching a mainstream solution in health and wellness. As
technology continues to evolve, the Al Personal Trainer has the potential to become an
indispensable tool for fitness enthusiasts worldwide, revolutionizing the way people

approach exercise and personal health management.

6.3 LIMITATIONS & AREAS FOR IMPROVEMENT

While the Al-powered personal gym trainer brings numerous advantages, there are

opportunities for enhancement that can make it even more effective and user-friendly.
1. Enhancing User Personalization & Physical Condition Awareness

e While AI provides structured workout guidance, integrating biometric data from

wearables can help it better understand muscle fatigue, heart rate, and injury risks.

e Al models can be trained on a broader range of fitness levels and conditions to offer

more adaptive recommendations.
2. Optimizing Performance in Different Environments

o The effectiveness of Al tracking depends on camera quality and lighting, but
advancements in low-light pose detection and multi-sensor fusion can reduce

dependency on ideal conditions.

e Using infrared cameras or LiDAR-based tracking in the future can enhance motion

detection in all lighting conditions.

3. Incorporating Human-Like Coaching & Motivation
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e Al lacks emotional intelligence, but personalized voice guidance, interactive

challenges, and adaptive coaching styles can improve user engagement.

o Future iterations could include Al avatars or virtual trainers that adapt to the user’s

mood and motivation levels.
4. Expanding Exercise Recognition & Adaptability

e Al models can be expanded to support more diverse exercises, including yoga, pilates,

and sport-specific drills.

e Machine learning algorithms can evolve to learn new workout styles dynamically,

making them more flexible over time.
5. Strengthening Privacy & Security Measures

o Ensuring user data safety through end-to-end encryption and local device processing

can help build trust.

e Giving users full control over their data (e.g., on-device storage options) enhances

privacy.
6. Reducing Latency & Hardware Dependency

o While real-time Al feedback requires processing power, edge computing and optimized

Al models can ensure smooth performance even on mobile devices.

e Future advancements in lightweight Al models will make this technology more

accessible on all devices.
7. Increasing Customization for Different Users

e Al-powered training is already effective, but future improvements could allow for

greater customization based on injuries, disabilities, and personal preferences.

o Adaptive Al that learns from user behavior over time can create a more intuitive fitness

experience.
6.4 APPLICATIONS
1. Personalized Home Workouts:

e Al-powered fitness apps provide customized workout plans based on user fitness

levels, age, and goals.
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e Real-time pose estimation and feedback help users maintain proper form without a

personal trainer.
o Gamification features (badges, challenges, leaderboards) keep users motivated.
2. Smart Gym & Fitness Centres:

e Al can monitor workout performance and suggest real-time corrections, reducing

injury risks.

e Automated fitness tracking helps gyms provide detailed performance analytics to

Uusers.

e Al-based equipment adjustments can personalize resistance, speed, and intensity

based on user data.
3. Physical Therapy & Rehabilitation:

o Al assists patients recovering from injuries, surgeries, or neurological disorders by

guiding them through rehab exercises with correct postures.

e Helps physiotherapists track patient progress and suggest modifications to recovery

plans.

o Can be used for stroke recovery, orthopaedic rehabilitation, and elderly mobility

training.
4. Sports Training & Athlete Performance Enhancement:

o Al provides real-time movement analysis for athletes, improving strength training,

agility, and endurance.
e Helps in injury prevention by detecting improper movements and muscle strain.
e Personalized training based on biomechanics and sports-specific needs.
5. Corporate Wellness Programs:

o Companies can implement Al-powered fitness programs to promote employee well-

being.

e Smart gym stations in workplaces can encourage physical activity and reduce sedentary

lifestyle risks.

o Al-generated fitness insights help employees maintain a healthy work-life balance.
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6. Military & Law Enforcement Training:

e Al-based smart gym solutions can assist in combat fitness training by tracking

endurance, agility, and strength levels.
e Al can help optimize workout intensity based on individual soldier needs.

e Helps in reducing injuries by correcting incorrect movements during high-intensity

training.
7. Elderly & Special Needs Fitness:
o Al tailors workouts for senior citizens to improve balance, flexibility, and mobility.

e Can assist people with disabilities in performing adaptive exercises suited to their

needs.
e Al-driven fall detection and posture correction ensure safe workouts for elderly users.
8. Virtual Reality (VR) & Augmented Reality (AR) Fitness:

e Al can integrate with VR/AR-based fitness solutions to create immersive training

environments.

e Gamified workouts using Al-driven motion tracking can make exercises more

engaging.
9. Health & Wellness Analytics for Medical Use:

e Al can analyze body movement, heart rate, and calorie expenditure to assess overall

health conditions.

e Can be used for early detection of musculoskeletal disorders through movement

patterns.
o Helps medical professionals recommend exercise-based treatments.
10. Al-Powered Virtual Fitness Coaches:

e Al personal trainers provide real-time guidance through smartphones, smart mirrors, or

wearable devices.

o Users get customized feedback on posture, reps, and workout intensity without needing

a human trainer.
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e Al-based chatbots can answer fitness-related queries and suggest personalized diet

plans.

6.SADVANTAGES

1. Real-Time Feedback & Posture Correction

o Al-powered motion tracking (using MediaPipe, OpenCV) provides instant
feedback on exercise form, helping users avoid injuries and maximize workout

efficiency.
2. Personalized Workout Plans

o Al tailors workouts based on user data (age, weight, fitness level, goals) to

provide customized exercise routines that adapt over time.
3. Injury Prevention & Rehabilitation Support
o Al detects incorrect postures or unsafe movements, reducing the risk of
injuries.
o It can assist in physiotherapy and rehab workouts, ensuring safe recovery for
injured individuals.

4. 24/7 Virtual Trainer (Cost-Effective Alternative)

o Unlike human trainers, Al-powered fitness systems are available anytime,

eliminating the need for expensive personal training sessions.\
5. Data-Driven Progress Tracking

o Users can monitor calories burned, muscle engagement, heart rate, and other

health metrics through wearable sensors and IoT integration.
6. Gamification & Motivation Boost

o Al introduces challenges, rewards, and performance insights, keeping users

motivated with game-like elements to enhance consistency.
7. Remote Access & Convenience

o Smart gym solutions enable home workouts, removing the need for physical

gym visits while still ensuring proper guidance and training.

8. Scalability & Customization for Different Users
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o Suitable for beginners, athletes, or rehabilitation patients, with adaptive Al

models catering to different fitness levels and goals.
9. Integration with Wearable & IoT Devices

o Works with smartwatches, fitness bands, and gym equipment to enhance real-

time monitoring and feedback.
10. Improved User Engagement & Retention

e Al-driven analytics recommend workout variations to prevent boredom and enhance

user adherence to fitness routines.
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CHAPTER-7
CONCLUSION

The Al-powered smart fitness trainer provides a tech-driven solution for real-time
workout monitoring, eliminating the need for direct human supervision. By using computer
vision tools such as MediaPipe and OpenCV, the system tracks body posture, counts
repetitions, and detects form errors, offering instant feedback. This personalized approach
improves exercise accuracy and safety, making fitness training more effective and accessible,

especially for home users.

Project highlights the practical application of Al and computer vision in the fitness
domain. Its modular and scalable design allows adaptation for various exercises and user goals.
The success of this system supports the ongoing evolution of intelligent fitness and healthcare
solutions, promoting healthier lifestyles through smart, interactive workout guidance.
Additionally, it encourages self-discipline among users, helps prevent workout-related injuries,
and increases workout consistency through intelligent feedback. The system’s simplicity,
affordability, and real-time responsiveness make it ideal for fitness beginners and enthusiasts
alike. With further development, it could also be integrated with wearables, voice assistants, or

cloud services to create a more immersive and connected fitness ecosystem.
7.1 Future scope

Al-powered smart gym solutions are poised to reshape the fitness industry by
incorporating emerging technologies like Virtual Reality (VR), emotion tracking, and wearable
integration. VR-based workouts will offer immersive, interactive environments, while real-
time emotion detection through facial and biometric analysis will allow dynamic adjustment of

workout intensity, improving user motivation and safety.

Future systems will leverage multi-modal Al combining computer vision, biometric
sensors, and deep learning to create highly personalized training plans. Integration with
smartwatches and wearables will enable real-time tracking of physical metrics, while cloud-
based platforms will support flexible access and remote coaching. These advancements will
extend AI’s role into predictive healthcare, helping prevent injuries and offering tailored health

and nutrition insights shaping the future of intelligent, connected fitness experiences.
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