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Abstract 

Human motion recognition (HMR) has emerged as a pivotal technology across various domains, enabling 

intelligent assessment of performance and behavior. This survey examines advancements in HMR 

methodologies, including computer vision techniques, deep learning, and machine learning algorithms, 

highlighting how they facilitate real-time analysis and enhance decision-making processes. Additionally, 

address the challenges inherent in data quality, privacy concerns, and algorithmic limitations that impact 

the effectiveness of HMR systems. This research introduces an innovative approach employing computer 

vision techniques to evaluate performance and deliver instant feedback on body positioning during exercise 

routines. This method enables immediate self-adjustment and encouragement, even in the absence of 

professional supervision. Our system utilizes a versatile learning framework to analyze live expert 

demonstrations or recorded video content, promoting correct form and enhancing exercise outcomes.  

 

Keywords: Deep Learning, Machine Learning, Computer vision, Human motion recognition (HMR). 

 

1. Introduction 

Living a healthy life has become a shared aspiration today. Our initiative is dedicated to making fitness 

guidance straightforward and accessible to everyone. In an era where staying fit is not just a trend but a 

lifestyle choice, our approach Utilizes advanced technologies specifically Convolutional Neural Networks 

(CNNs), Recurrent Neural Networks (RNNs), and Feedforward Neural Networks (FNNs) to transform 

how individuals engage with their workouts. 

1.1 Fitness and Well-Being 

Embarking on a journey toward a healthier and more vibrant self is not solely about hitting the gym; it 

represents a significant lifestyle decision. This section aims to unpack the layers of traditional fitness, 

highlighting its deep connection to our everyday lives. Beyond weights and cardio machines, it explores 

how machine learning and deep learning technologies enhance our understanding of fitness as an intricate 

balance of physical and mental well-being. 

By employing CNNs for efficient image processing, RNNs for analysing sequential data, and FNNs for 

tailored recommendations, we go beyond the usual routines and adopt a holistic perspective. Every 

movement and breath become a testament to our overall health, revealing the synergy between mind and 
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body. This approach acknowledges that maintaining wellness is not merely a chore but an integral part of 

life.Moreover, the impact of fitness extends beyond the physical realm to enhance our mental and 

emotional health. The positive effects of these advanced technologies amplify our resilience, 

concentration, and enthusiasm for life. 

This comprehensive experience transforms every moment into an opportunity to cultivate our holistic 

well-being. As we delve into this section, envision a narrative that reaches beyond the walls of the gym 

a story that integrates seamlessly with your daily life, blending fitness into the very essence of your 

existence. By leveraging machine learning and deep learning, we are not just promoting routines; we 

are advocating a dynamic philosophy that encourages you to embrace the transformative potential of a 

balanced and fulfilling life. 

 

2. Litreature Review 

Thinh Nguyen Truong et al,(2022) The fitness industry has experienced significant growth, with many 

individuals committed to maintaining their weekly training sessions. This expansion has been 

accompanied by the rise of user-centric services from gyms and sports organizations, particularly in 

integrating technology into fitness activities. The COVID-19 pandemic accelerated this trend, as home 

workouts became essential due to gym closures. Research highlights the effectiveness of Deep Learning 

and Signal Processing in providing real-time feedback and personalized training, enhancing user 

engagement. Technologies like Convolutional Neural Networks (CNNs) enable accurate performance 

analysis, while Recurrent Neural Networks (RNNs) offer tailored recommendations. This project aims 

to utilize these advancements to serve as a personal trainer for at-home workouts, focusing on proper 

exercise execution, such as push-ups[1] 

Jas Semrl et al,(2017) The fitness industry is increasingly focusing on customer churn prediction due 

to the rise of rolling gym membership contracts, which allow for easy cancellation. Research has shown 

that machine learning algorithms can effectively identify at-risk customers by analyzing behavioral 

patterns, as demonstrated . However, many fitness companies struggle with a data science skills gap, 

limiting their ability to apply these insights effectively. User-friendly machine learning platforms, such 

as Google Cloud AutoML, have emerged as potential solutions, enabling non-experts to implement 

predictive analytics (Tang et al., 2022). Studies indicate that these platforms can facilitate better 

customer engagement and service delivery. This paper aims to evaluate the effectiveness of such 

platforms in predicting customer behavior to enhance gym utilization and retention[2] 

Shiva Shashank Dhavala et al,(2022) The COVID-19 pandemic has significantly heightened public interest 

in health and fitness, resulting in a surge in remote fitness applications like Home Workouts, Nike Fit, and 

Cult.fit. While these apps effectively provide exercise routines, they often lack the capability to assess 

exercise performance, risking user safety due to improper form. Research on human pose estimation has 

emerged as a solution, utilizing Artificial Intelligence to accurately detect body posture and calculate joint 

angles. Libraries such as Open Pose and tools like OpenCV have been leveraged to implement pose detection, 

enabling real-time posture correction. Studies indicate that integrating pose estimation with fitness 

applications can significantly reduce injury risk and enhance workout effectiveness . This work aims to 

develop a solution that addresses these gaps in the remote fitness industry by providing posture correction 

suggestions based on real-time analysis.[3] 

Kaushik Shukla et al,(2022) This report focuses on a project aimed at assessing physiotherapy exercises, 

addressing the growing need for exercise evaluation among individuals who may lack regular physical 
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activity. Many professionals and older adults require feedback on their exercise techniques to ensure 

safety and effectiveness. Recent advancements in human pose estimation, such as the open Pose model, 

have enabled accurate tracking of body geometry during exercises captured in videos. This technology can 

identify key body points and evaluate performance accuracy, providing users with valuable feedback on 

their form. Studies have shown that integrating such systems into physiotherapy can enhance adherence to 

exercise regimens and reduce the risk of injury. This project leverages modern techniques to create an 

accessible solution for exercise assessment, compatible with any Windows system equipped with a 

GPU[4]. 

Yejin Kwon et al,(2022) This paper presents a program utilizing OpenCV and MediaPipe for real-time 

posture correction during workouts like squats and push-ups. Recent advancements in computer vision 

have enabled the estimation of body landmarks from webcam images, allowing for accurate assessment of 

exercise form. By calculating body angles and necessary numerical values, the program can determine 

proper posture and provide corrective guidance when needed. Research indicates that real-time feedback 

significantly enhances user adherence to exercise routines and reduces the risk of injury. Additionally, 

incorporating audio and visual cues for workout guidance has been shown to improve user engagement 

and motivation. This program facilitates effective home workouts, enabling users to exercise safely and 

correctly without the need for a personal trainer[5]. 

Sushma V et al,(2023) Artificial intelligence is transforming the fitness industry by making home workouts 

more effective and engaging. This work introduces DietFit, an innovative application that combines a diet 

planner and exercise tracker. Utilizing MediaPipe for pose detection, the application accurately counts 

exercise repetitions and provides real-time feedback on performance. Research shows that real-time 

exercise monitoring can enhance user adherence and improve workout efficiency. Additionally, the 

application employs the Harris-Benedict formula for Basal Metabolic Rate (BMR) calculation and 

recommends personalized dietary plans based on Total Daily Energy Expenditure (TDEE). This approach 

not only aids users in achieving their fitness goals but also helps address various health issues by 

promoting a balanced diet and regular exercise.[6]. 

Hao Xiong et al.(2020)pose estimation for exercise feedback have transitioned from 2D to 3D methods, 

significantly improving the accuracy of form assessment and reducing injury risk. Initial 2D 

approaches, like OpenPose and PoseNet, struggled with variability in body shapes and camera 

perspectives, leading to unreliable feedback. Researchers have shifted to 3D pose estimation using 

techniques such as deep latent variable models, which provide more robust representations of body 

movements. Enhancements like diversity-encouraging priors and positive-definite kernel methods 

further improve adaptability to different body types. Experimental results consistently show that 3D 

models outperform 2D systems, offering precise feedback for exercise tutorials and promoting safer, more 

effective independent practice[7]. 

Sheng-Hsien Cheng1 et al(2023)The recognition of complex human body motion in sports and workout 

activities presents significant challenges in computer vision. Recent advancements in deep learning 

algorithms have improved the tracking and analysis of workout characteristics through video sensors, 

enabling accurate human pose inference. Notably, the transition to 3D pose estimation, exemplified by 

models like VIBE, has enhanced the ability to capture complex movements and provide fine-grained 

feedback, such as repetition counting and activity recognition. Effective segmentation of exercises into 

distinct unit actions further improves accuracy, allowing for a detailed quantitative analysis of workout 

performance. These systems show great potential for applications in fitness and rehabilitation, 
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providing real-time feedback that enhances safety and effectiveness during physical exercise[8]. 

Arash Mahyari et al(2022) Recommendation systems are crucial for enhancing user experiences on 

platforms like music and movie streaming services, yet there is limited research on exercise 

recommendation systems, despite the need to address sedentary lifestyles. Recent studies have developed 

systems that tailor daily exercise recommendations based on user history and profiles, utilizing deep 

learning techniques like recurrent neural networks with attention mechanisms. A major challenge is the 

lack of real-time feedback, prompting researchers to implement active learning frameworks that 

incorporate expert input when uncertainty is high. By deriving probability distribution functions, these 

systems can better determine when to seek expert recommendations. Empirical evaluations show that 

integrating active learning significantly improves the accuracy of exercise recommendations, promoting 

healthier lifestyles and increasing user engagement in physical activity[9]. 

Jason Y. Zhang et al(2019)Recent advancements in predicting future human motion from video data have 

focused on generating 3D mesh sequences based on past image inputs. Most existing methods typically 

require 3D past data to predict future motion, but recent work explores predicting future 3D actions, 

such as walking, bowling, and squatting, from 2D video sequences. This approach leverages 

autoregressive models, commonly used in language modeling, to learn an intermediate latent space for 

future predictions. By utilizing video sequences captured in real-world conditions without requiring 3D 

ground truth labels, this method addresses practical applications in autonomous systems, enhancing 

their ability to operate safely around people. Overall, this novel technique contributes to the growing 

body of research on future motion prediction in computer vision, emphasizing the importance of 

effective data representation across different domains[10]. 

Tin Trung Tran et al(2018)The development of recommender systems (RS) for fitness assistance has gained 

attention as a means to enhance user experience for both beginners and seasoned fitness enthusiasts. 

Recent studies focus on employing artificial intelligence to create systems that can learn, analyse, predict, 

and communicate tailored workout suggestions. Techniques such as Artificial Neural Networks and 

Logistic Regression are commonly used to determine suitable workouts based on user profiles. 

Additionally, integrating reinforcement learning capabilities, particularly through architectures like Soar, 

allows these systems to adapt recommendations according to individual user conditions. Overall, empirical 

results validate the effectiveness of these intelligent systems in improving fitness guidance and user 

engagement.[11]. 

Mukundan Chariar et Al (2023)Artificial intelligence and computer vision have become essential tools in 

workout analysis, particularly in sports and athletic training, where they help identify errors and enhance 

performance while minimizing injury risks. Squats, a fundamental exercise known for improving leg 

strength and joint stability, vary significantly among individuals due to differences in limb lengths and 

joint mobility. Recent research has focused on classifying squat types and recommending appropriate 

variations to optimize performance. Utilizing MediaPipe and deep learning techniques, studies have 

employed models like stacked Bidirectional Gated Recurrent Units (Bi-GRU) with attention layers to 

evaluate squat quality, achieving impressive accuracy rates. Such models not only categorize squats into 

distinct classes but also provide personalized feedback to correct form based on individual body 

proportions, showcasing the potential of AI-driven solutions in fitness training.[12]. 

Afzaal Hussain et al (2021)The integration of Internet of Things (IoT) and machine learning in smart 

wearable technology is transforming healthcare and physical activity monitoring. Recent research has 

proposed a fog-centric, wireless, real-time framework designed for health and fitness analysis in smart 
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gym environments, focusing on body vitals and movement data. This framework aims to assist athletes, 

trainers, and healthcare professionals in interpreting physical signs and issuing alerts for potential health 

risks. A six-week workout program validated the framework, which measured various physiological 

metrics, including electrocardiograms and 3D acceleration data. Two key modules were developed: the 

Health Zone module, achieving 97% accuracy in identifying athletes' health states, and the Gym Activity 

Recognition (GAR) module, which attained over 89% accuracy in real-time workout activity recognition, 

highlighting the effectiveness of IoT and machine learning in enhancing fitness and health monitoring 

systems.[13]. 

António Ferreira Et al, (2024) Physical activity is widely acknowledged for its physical and 

psychological benefits, contributing to improved cardiovascular health, weight management, mental 

well-being, and reduced risk of chronic diseases. However, due to individual differences in age, gender, 

fitness level, and health conditions, personalized fitness programs are often more effective than generic 

ones. The emergence of wearable technology, such as fitness bands and heart rate monitors, has 

revolutionized this space by providing real-time physiological data, including heart rate, which is crucial 

for optimizing exercise intensity. Studies show that maintaining the heart rate within specific target 

zones can maximize workout benefits and minimize injury risk. Dynamic, wearable-based workout plans 

adapt exercises in real time, using algorithms that analyse heart rate data to keep workouts safe and 

effective. While promising, this technology faces challenges related to data accuracy and user adherence, 

but advancements in artificial intelligence continue to enhance the potential for highly personalized and 

adaptive fitness experiences [14]. 

Arnab Dey Et al (2023) Action recognition in the context of physical exercise has been a growing area 

of research, traditionally dominated by video-based models that leverage Spatiotemporal data to capture 

motion effectively. However, still image-based action recognition presents unique challenges due to the 

absence of temporal cues. Deep learning techniques, particularly Convolutional Neural Networks 

(CNNs), have shown promise in extracting meaningful features from images for classification tasks. 

Models like VGG19, DenseNet121, and InceptionV3 have been used in various studies to recognize and 

classify human actions from images with varying degrees of success. Recent advancements have 

focused on optimizing CNN architectures to enhance performance, achieving high classification 

accuracy and robustness. The use of metrics such as the F1-Measure and Confusion Matrix is essential 

to assess the precision and reliability of these models. Overall, the development of models like 

WorkoutNet signifies a step forward in using deep learning to provide automated workout guidance 

based on image recognition [15]. 

Suraj Kumar Et al (2023) The growing interest in optimizing post-workout nutrition to enhance athletic 

performance and support muscle recovery has driven advancements in meal recommendation systems. 

Traditional research highlights the importance of tailored nutritional guidance to counteract information 

overload and promote healthier eating habits. Machine learning algorithms, including content-based and 

collaborative filtering, have been widely used to provide individualized meal recommendations. Hybrid 

approaches that combine these techniques have shown improved precision in aligning recommendations 

with user preferences and dietary needs. Studies emphasize the role of analyzing macro-nutrient trends 

and dietary preferences to deliver relevant and popular food suggestions. Future research suggests 

expanding the diversity of datasets and incorporating factors like dietary restrictions and comprehensive 

nutritional data for more accurate recommendations [16]. 

Reem Halabi Et al (2019) Electromyography (EMG) has been widely used to study muscle activation and 
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performance, playing a crucial role in physical therapy, athletic training, and rehabilitation. Traditional 

EMG studies often utilize wired systems, but recent advancements in wireless EMG (w-EMG) technology 

have improved data acquisition efficiency and participant comfort. However, the integration of simultaneous 

metrics like Repetition Maximum (RM) and posture assessment using 3-axis accelerometery has been 

largely overlooked in the literature. Research emphasizes the importance of accurate, real-time muscle 

quality assessment to inform training protocols. The use of wireless EMG systems, such as Delsys Trigno, 

has shown promise in capturing reliable data, but there is limited work on developing comprehensive 

databases that classify subjects by gender, age, and training experience. Current approaches to quantifying 

muscle quality often lack a standardized index, making the proposed Muscle Quality Index (MQI) a 

valuable contribution for personalized muscle-building workout optimization [17]. 

Sizhen Bian Et al(2022)Wearable devices for gym activity recognition have become a focus of research, 

especially in developing solutions that reduce human interaction during workouts. Traditional methods 

often require manual input, but advancements in machine learning have enabled automated recognition 

using deep learning models. Convolutional Neural Networks (CNNs) have been effectively utilized for 

activity recognition, but their deployment on resource-constrained devices remains challenging. Studies 

have shown that quantization techniques can reduce model complexity while maintaining high accuracy, 

allowing for efficient inference on microcontrollers. The ARM Cortex-M series and RISC-V platforms 

have been explored for such applications, demonstrating significant differences in energy efficiency and 

execution speed. Multi-core architectures like the GAP8 system on chip have proven advantageous for real-

time processing, offering faster inference times and reduced energy consumption. Open data sets of gym 

workouts are essential for benchmarking and advancing research in this area, facilitating further 

optimization of on-device recognition models[18]. 

Bruno Ferreira Et al (2022)Temporal analysis of workout routines presents unique challenges due to the 

variable length and tempo of exercise sequences, influenced by the individual's performance and the nature 

of the exercise. Traditional approaches to action segmentation often struggle with the complexity and 

variability inherent in workout videos. Recent advancements have introduced deep learning models, like 

Transformer-based architectures, which excel in handling sequential data and capturing long- range 

dependencies. Human Pose Estimation networks have become a crucial tool, generating heatmap-based 

features that accurately represent body movements for further analysis. Transformers, with their attention 

mechanisms, have demonstrated superior performance in modeling temporal dynamics compared to 

recurrent networks. However, class imbalance remains a common issue, affecting model training and 

performance. Studies have shown that Transformers can outperform state-of-the-art methods in repetitive 

action counting and video segmentation, offering more consistent and precise feedback for exercise 

monitoring[19]. 

Samhitha G Et al (2021) Fitness trends have increasingly focused on accessible and affordable solutions 

for individuals to stay healthy, especially during the pandemic when gym access is limited Wearable 

devices have gained popularity for fitness tracking but are often costly, leading to interest in alternative 

methods, such as AI-based solutions. Human Pose Estimation (HPE) has emerged as an effective approach, 

leveraging computer vision to detect body landmarks and generate a virtual skeleton in 2D space. This 

technique allows for real-time exercise monitoring using live video, providing feedback on posture, 

count, and time. AI Trainers powered by HPE offer an innovative solution for remote fitness guidance 

without the need for expensive devices. The integration of libraries like OpenCV and CPU-based 

processing for pose estimation provides a cost-effective method for developing AI-driven fitness 
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applications that cater to a broad range of users, regardless of their health status or age[20]. 

 

3. Methodology 

In envisioning our revolutionary fitness system, introduces an extensive and innovative approach aimed 

at redefining the fitness application landscape through advanced technologies such as Convolutional 

Neural Networks (CNNs), Recurrent Neural Networks (RNNs), Feedforward Neural Networks (FNNs), 

and other deep learning techniques. The system is intricately designed to encompass several 

groundbreaking features, each contributing to a transformative fitness experience through the 

application of machine learning. By harnessing machine learning algorithms, the system can analyze 

user data to offer personalized workout plans, nutrition recommendations, and real-time feedback on 

performance. For instance, CNNs enhance image analysis for correcting exercise form, while RNNs 

predict user behavior and preferences, ensuring that each fitness journey is uniquely tailored “Fig.1”. 

The innovative integration empowers users to achieve their health goals with greater efficiency and 

motivation, setting a new standard in the fitness landscape. 

 

Figure. 1: Flowchart of the Workflow 

 
 

3.1 Dataset 

The dataset used in this study was collected to provide fitness guidance. It includes multiple parameters, 

such as exercise routines, targeted body parts, fitness levels, and equipment used. Any records with null 

values have been eliminated to maintain data integrity, and categorical variables are encoded with binary 

values (0 and 1). This dataset enables the identification of trends and correlations in workout effectiveness, 

facilitating personalized fitness recommendations. 

3.2 Convolution Neural Networks 

Enhance a fitness guidance dataset through various applications. One primary use is analyzing images or 

videos of users performing exercises to assess their form and technique, providing real-time feedback that 

helps correct posture and reduce injury risk. CNNs can also classify different types of exercises from video 

footage, enabling automatic logging and suggesting related exercises based on user history. Additionally, 

they can track progress by comparing before-and-after images, visually demonstrating changes in 

physique and enhancing user motivation. By estimating body measurements from images, CNNs allow 

for personalized feedback and recommendations tailored to individual goals. Furthermore, integrating 
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CNNs with other data types can provide a comprehensive understanding of a user's fitness journey, 

leading to better insights and recommendations. Overall, the use of CNNs fosters a more interactive and 

engaging fitness experience, empowering users to achieve their health and fitness objectives more 

effectively. 

3.3 Recurrent Neural Networks 

Particularly useful in analyzing sequential data within a fitness guidance dataset. They can predict future 

activities by analyzing users’ historical workout data, enabling personalized workout recommendations 

based on past preferences and performance trends. Additionally, RNNs excel in time series analysis, 

allowing for forecasting of fitness metrics such as heart rate and calories burned. By capturing the 

dynamics of user interactions over time, RNNs help model user behavior, identifying trends in workout 

completion and preferences. They also process sequential data, such as sets and repetitions, to generate 

recommendations for the next set or suggest modifications based on fatigue levels. Furthermore, RNNs 

can adapt fitness plans based on user feedback, enhancing personalization and effectiveness. Overall, 

RNNs foster a more engaging and adaptive fitness experience, empowering users to achieve their health 

and fitness goals more effectively. 

3.4 Some Common Mistakes 

Its plays a vital role in enhancing the functionality of fitness guidance datasets by enabling effective 

communication and interaction between users and the system. NLP can be used to analyze user inputs 

in the form of queries or feedback, allowing the system to provide personalized responses, workout 

recommendations, and nutritional advice based on natural language. Additionally, NLP facilitates 

sentiment analysis, helping to gauge user satisfaction and motivation levels by interpreting the 

emotional tone of their feedback. It can also enable the development of conversational agents or 

chatbots that engage users in real-time, answering their questions and offering encouragement 

throughout their fitness journeys. By processing user-generated content, such as workout logs or diary 

entries, NLP can extract insights about users’ experiences and preferences, further refining 

recommendations. Moreover, NLP techniques can be employed to generate customized motivational 

messages or fitness tips tailored to individual user needs. Overall, NLP significantly enhances user 

engagement and personalization in fitness applications, making it easier for individuals to achieve their 

health and fitness goals. 

3.5 MediaPipe 

The objective is to assess user perceptions of fitness works that incorporate Media Pipe for pose estimation 

and motion analysis. The survey design should include demographic questions, usage patterns, and user 

experiences, employing Likert scale ratings to gauge effectiveness in improving exercise form. Data 

collection can be conducted through online survey tools and distributed via fitness communities and social 

media. Analyzing the data quantitatively and qualitatively will reveal trends and insights into user 

satisfaction and preferences. The findings can be presented through visualizations to highlight key results, 

leading to recommendations for developers to enhance user experience. Ultimately, this project aims to 

provide valuable insights for creating more effective and engaging fitness solutions “Fig.2” 
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Figure.2: General Architecture of Human Motion Recognition 

 
 

Table 1. Comparsion the features 

Techniques Description 

Paper Name year Accuracy 

Convolutional 

neural network 

Pushup Counting and 

Evaluating Based on 

Human Keypoint 

Detection 

2022 99% 

Support 

Vector 

Machines 

Churn prediction 

model for effective 

gym customer 

retention 

2017 76% 

Recurrent 

Neural 

Networks 

Posture Correction 

using Human Pose 

Estimation 

2022 74% 

Convolutional 

Neural Networks 

Pose Trainer:“An 

Exercise Guide and 

Assessment in 

Physiotherapy” 

2022 - 

Media Pipe Pose Real-Time Workout 

Posture Correction 

2022 85% 

 

4. Conclusion 

In conclusion, the integration of advanced machine learning techniques, particularly deep learning 

methods such as CNNs, RNNs, and FNNs, signifies a transformative shift in the fitness industry. 

MediaPipe plays a crucial role in this evolution, enabling the effective implementation of these models for 

accurate pose tracking. This synergy empowers fitness solutions to provide dynamic adjustments based 

on individual performance, leading to improved outcomes and enhanced user engagement. As these 
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technologies continueto advance, they hold the potential to redefine how individuals approach their fitness 

journeys, making workouts safer and more personalized. 

Furthermore, combining these deep learning systems with tools like OpenPose establishes a strong 

foundation for continuous development. Our system emerges as a dynamic companion in fitness 

mindfulness, offering users tailored insights into their exercise routines. This approach not only emphasizes 

real-time guidance and increased awareness but also improves overall workout techniques, making fitness 

more accessible, engaging, and effective forever. Future work will be focus by integrating Openpose and 

mediapipe with to improve accuracy in your fitness dataset, include user demographics, detailed activity 

logs, and nutrition information alongside health metrics and wearable device data. Additionally, document 

injury history and community engagement to tailor safe and effective workout recommendations. 
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