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1. ABSTRACT :

Al-powered Smart Mirror App for Exercise is a fitness tool which help users to enhance their technique and posture while working out, especially for those who
work out at home unsupervised without a professional. Exercise done incorrectly might result in ineffective training and raise the risk of injury. In order to monitor
and assist users in real time, this application uses MediaPipe for posture estimation and TensorFlow for sophisticated movement analysis. The program can precisely
identify body position, track motions, and provide users instant feedback on form using a regular webcam, enabling them to make corrections on the go.

Apart from correcting posture, the app provides a number of fitness-tracking tools. It can track workout progress over time, estimate calories burned, and track and
log the number of repetitions performed. People with different degrees of technological experience and fitness backgrounds can use the application because of its
user-friendly interface, which functions flawlessly on desktop and mobile platforms.

During testing, the app successfully demonstrated its capability to recognize and correct common posture mistakes in exercises such as squats, lunges, and push-
ups. Users reported that receiving real-time visual and audio coaching significantly improved the quality of their workouts and helped them stay motivated. One of
the major technical challenges was ensuring that the app functions reliably across a range of body types, clothing styles, lighting conditions, and camera angles.
Optimization of processing speed and accuracy was crucial in delivering smooth performance without lags.

There is potential for more improvements to this clever workout solution in the future. More exercise options, voice-guided workout instructions, customized
training regiments, and wearable device integration are possible future additions. In future, this software may be integrated into a real smart mirror, offering a
hands-free, interactive, and engaging workout experience at home or at fitness centers.
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2.Introduction
2.1 Context

Fitness at home has grown in popularity in recent years. Instead of traveling to the gym, many people would rather work out at home with smartphone
applications or online fitness videos. Despite their accessibility and convenience, these digital fitness gadgets have a number of serious drawbacks. The
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absence of real-time feedback on workout form is one of the primary issues. People may execute motions poorly when they workout without the right
coaching. Muscle tension, decreased exercise efficacy, and even severe injuries can result from bad posture and form during workouts.

Computer vision and artificial intelligence (Al) developments that are present encourage people to find answers to these problems. Motion tracking use
Al to examine an individual's movements while exercising, and this is one example of such technology. Real-time body movement tracking technologies
such as MediaPipe and TensorFlow can be used to determine whether a person is keeping proper posture or not. These technologies can be incorporated
into fitness applications to give users quick feedback and form correction, which makes workouts safer and more efficient.

2.2 Problem Description

Although there are a lot of at-home exercise programs available, the majority of them lack posture correction and real-time supervision. Because of this,
users could unintentionally exercise with bad posture, which might reduce the workout's benefits and raise the risk of injury. The total quality of at-home
workout programs is restricted by this functional gap.

We suggest creating a smart mirror application that tracks body motions and provides real-time feedback using artificial intelligence in order to solve this
issue. By assisting users in maintaining appropriate form during their workouts, this software would function as a personal trainer. The app can improve
the efficacy and safety of at-home workouts by guaranteeing proper posture.

2.3 Goals

The goal of this project is to create an intelligent fitness support system that can correct posture in the real time while working out. The particular
objectives are:

e  To create and use a feedback system driven by Al that can assess and adjust workout posture in real time.

e  Tointegrate MediaPipe and TensorFlow in order to attain high motion tracking accuracy.

e  Todevelop an intuitive application that functions well on mobile devices and desktop computers.

e  To carry out user testing to assess the correctness, usability, and general performance of the system.

e  Toinvestigate the potential for turning the app into a real smart mirror gadget that can be utilized at home to provide a more engaging

exercise experience.

3.Literature Review
3.1 Current Remedies

Several tools and technologies currently support fitness training, but they have clear limitations when it comes to real-time posture correction.

e  Wearable Fitness Trackers: Devices such as Fithits and Apple Watches are widely used to monitor physical activity. These wearables can
track various metrics like heart rate, step count, and general movement patterns. However, they are not capable of acessing the user’s posture
or providing detailed feedback on body alignment during exercises.

e Mobile Workout Applications: Popular fitness apps such as Nike Training Club and others apps provide users with guided workout routines,
instructional videos, and motivational features. Although they help in knowing the structures of exercise programs, they do not offer
personalized, real-time feedback. Users must rely on their own judgment to determine whether they are performing exercises correctly.

e  Al-Based Motion Tracking Solutions: Some advanced applications have began integrating artificial intelligence to analyze human
movements. These systems are designed to assess posture and form, particularly in areas like sports training and rehabilitation. However, such
Al-driven tools are still not widely accessible to the general public.

3.2 Trends in Research

Recent research shows a growing interest in using Al for motion analysis and pose estimation in fitness contexts. Development in machine learning and
computer vision have enabled the creation of models that can accurately detect and interpret human movements in real time. These Al technologies are
being applied in several fields beyond general fitness, including:

e  Sports Performance Optimization: Helping athletes to improve their forms and technique.
®  Rehabilitation: Assisting patients and therapists in monitoring recovery exercises.
e  Physiotherapy: Supporting remote guidance and tracking of therapy sessions to ensure correct movement patterns.

The increasing capabilities of pose estimation algorithms and real-time tracking systems have laid the groundwork for more intelligent and responsive
fitness technologies.

3.3 Research Gap

Despite technological advances, most current fitness solutions do not provide real-time, Al-driven feedback on user posture. Existing applications either
offer general guidance without personalization or require expensive equipment and expert supervision. This highlights a critical gap in the market.

The proposed Al-based smart mirror application aims to fill this gap. It leverages real-time movement tracking and posture correction to provide users
with immediate, actionable feedback during workouts. By combining advanced Al models with an intuitive interface, the system seeks to make high-
quality fitness guidance more accessible, safe, and effective for home users.
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4.Methodology

4.1 The Approach to System Development

To ensure that the application was designed with users' needs in mind and could be improved through feedback, a prototype-based, user-centered
development approach was adopted. This method allowed for iterative refinement based on real-time testing and user input. The development process
was structured into the following key stages:

Requirement Analysis: The initial phase focused on identifying the essential features needed to enable real-time posture correction. This included
understanding user needs, analyzing common workout errors, and defining system requirements.

Technology Selection: Based on the requirements, TensorFlow was selected for motion analysis due to its robust support for machine learning models.
MediaPipe was chosen for its efficient real-time pose estimation capabilities.

Implementation: Development was divided into front-end and back-end components. The front end included user interface design for both desktop and
mobile platforms, while the back end integrated Al models for posture analysis and feedback generation.

Testing and Evaluation: Several prototypes were developed and tested with real users performing various exercises. Feedback from these sessions was
used to evaluate system performance and inform further improvements.

4.2 Utilized Software and Tools

A combination of programming languages, Al frameworks, and development tools was used to create the application:
Programming Languages:

Dart: Used for mobile application development through Flutter.

JavaScript: Used for desktop user interface development via React.

Python: Used to implement Al models and processing algorithms.

Al Frameworks:

TensorFlow: Employed for movement analysis and model training.

MediaPipe: Used for accurate and fast pose estimation.

Development Tools:

Flutter: Supported cross-platform mobile Ul design.

React: Enabled responsive desktop Ul creation.

OpenCV: Assisted with image processing tasks as needed.

Hardware Requirements:

The system was designed to function with standard camera-equipped devices, such as smartphones, laptops, and webcams, ensuring accessibility without
the need for specialized equipment.

4.3 Workflow of the System

The application follows a systematic workflow to deliver posture correction in real time:
Data Input:

The user's movements are recorded using the device’s built-in camera.

The Al system then applies posture estimation algorithms to detect and track body positions.
Processing:

Pre-trained Al models analyze the user’s posture.

TensorFlow evaluates the accuracy of each movement and identifies any misalignments.
Corrections are computed based on deviations from the ideal posture.

Output and Feedback:

Real-time visual feedback is displayed on the screen, guiding the user to correct their posture.
Additional workout data, such as repetition counts and estimated calories burned, are also recorded and presented.

4.4 Assessment and Testing

Comprehensive testing was conducted to assess the functionality and reliability of the system:

Prototype Testing:

Users performed a range of exercises, including squats, push-ups, and lunges, while interacting with the app.

Accuracy Evaluation:

The precision of pose detection and the relevance of feedback were evaluated through both automated metrics and user feedback.
Performance Analysis:

Real-time feedback was monitored to ensure low latency and smooth performance without noticeable lag.

User Experience Assessment:

Feedback was gathered regarding the ease of use, clarity of instructions, and overall satisfaction with the system.

System Refinement:

Based on the insights gained, improvements were made to the interface design and the underlying detection algorithms to enhance overall performance
and usability.
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5.Result

5.1 Prototype Testing Outcomes

Initial prototype testing demonstrate the system'’s ability to identify and correct improper posture during exercise. Users performs various common
exercises such as squats, lunges, and push-ups. During these sessions, the smart mirror application successfully detects deviations from correct posture
and provided real-time visual feedback.

5.2 User Feedback

Participants consistently reported that the real-time corrective feedback was highly beneficial. Many users noted that being able to see and correct their
mistakes immediately helped them understand proper posture better and develop more effective workout habits. The visual guidance offered by the app,
such as highlighting incorrect joint angles or suggesting specific adjustments, was particularly appreciated for its clarity and ease of interpretation.

5.3 Performance Analysis

Technical performance assessments revealed that the system maintained a high level of movement detection accuracy throughout testing. The use of
MediaPipe for pose estimation and TensorFlow for real-time movement evaluation proved effective in capturing and analyzing user movements with
minimal lag. Across multiple testing sessions, the system demonstrated reliable performance, with latency kept low enough to ensure seamless real-time
feedback.

6.Future prospect and prospection

A significant future direction for this project involves transforming the current application into a fully functional Al-powered smart mirror. This next-
generation device would incorporate an embedded camera and artificial intelligence software directly into the mirror’s structure. By doing so, the system
would be able to monitor user movements and provide posture correction feedback directly on the mirror’s reflective surface.
Such an enhancement would deliver a seamless and immersive workout experience, as users would no longer need to interact with a separate device. In
addition to posture correction, several advanced features could be integrated, including:

e  Voice Control: Allowing users to navigate workout routines, start or stop exercises, and request feedback hands-free.

e  Personalized Fitness Recommendations: Offering tailored workout suggestions based on performance data, goals, and physical condition.

e  Virtual Personal Trainers: Providing interactive coaching experiences that guide users through exercises and adapt based on real-time analysis.
These advancements would not only make fitness tracking more practical but also increase user engagement and adherence to exercise programs. The
proposed smart mirror would serve as a holistic fitness companion, combining convenience, interactivity, and intelligent feedback into one device.

7.Conclusion

The Smart Mirror App for Exercise Feedback presents a valuable solution for improving workout effectiveness and minimizing the risk of injury during
home-based fitness routines. By leveraging Al-powered motion tracking technologies such as MediaPipe and TensorFlow, the application offers real-
time posture correction, performance monitoring, and a user-friendly interface. These features enable users to receive instant feedback, helping them
maintain proper form and achieve better fitness outcomes.

Initial testing confirmed the system's accuracy and positive user reception, demonstrating its potential as a reliable tool for home fitness. As the application
evolves, the integration of features such as voice control, expanded exercise libraries, and a fully functional physical smart mirror will further enhance
user engagement and convenience. These future developments promise to advance fitness technology and provide a more immersive and intelligent
exercise experience.
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