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Abstract— Fitness activities are beneficial to one's health and 

fitness, but if performed incorrectly, they can be ineffective 

and even detrimental. An exercise mistake occurs when a 

person does not use the proper form or posture. We introduce 

Posture Trainer in this article, an app that identifies the user's 

training stance and provides personalized, thorough advice on 

how to improve form. Posture Trainer uses state-of-the-art 

posture estimation technology to identify a user's stance, then 

analyses the pose's vector geometry via an exercise to provide 

useful feedback. Based on tailored training suggestions, we 

construct geometric heuristic and deep learning algorithms to 

evaluate a library of varied workout films of good and bad 

form. 
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I. INTRODUCTION 

Physical therapy (or physiotherapy) is a medical discipline 

that focuses on the diagnosis and treatment of people who are 

having difficulty completing functional tasks as a result of 

injuries or other issues. The * Corresponding author remedy 

for these people is frequently physiotherapy activities. To 

alter therapeutic settings, these exercises should be performed 

on a regular basis in a regulated way. The therapists provide 

spoken instructions and physical coaching before and/or 

during the workout sessions. Thus, by repeating the essential 

exercise, patients can improve their capacity to notice and 

rectify mistakes. Because it takes time to recover a person's 

mobility, physiotherapy sessions are frequently lengthy. To 

recover mobility, one must do the same set of exercises every 

day for a few months while maintaining proper posture. The 

issue arises when the patient is required to go to the hospital 

or may be required to travel to receive in-clinic care. The 

main issues that limit the number of sessions between patients 

and their therapists are therapy availability and accessibility. 

Hiring a private therapist, on the other hand, is not a smart 

option because it is highly expensive and not everyone can 

afford it. Some patients will have no choice but to perform it 

themselves at home as a result. But this is extremely risky and 

unreliable. Deep learning-based motion recognition research 

has lately made significant progress in developing low-cost, 

accurate, and reliable action detection systems for controlled 

situations using video data. A suggested system is constructed 

in this research to advise, offer quick feedback, and function 

as a personal virtual trainer to assist people in doing exercises 

on their own. 

A. Proposed System 

The goal of this study is to design and develop a system for 

dynamic virtual assistance for exercise posture using the 

POSNET network. 

B. Objectives 

 To research and analyze different CNN models for 

posture detection. 

 Using a pre-trained POSNET network, design a method 

for dynamic posture detection. 

 To give virtual support depending on the user's present 

position for adjustment. 

 To test and validate the projected results against a variety 

of current systems. 

II. LITERATURE SURVEY 

1) Automatic Squat Posture Classification Using Inertial 

Sensors: A Deep Learning Approach [1]. They compared 

deep learning's squat posture classification performance 

to that of traditional machine learning. Additionally, they 

found the best site for sensor installation. Five inertial 

measurement units (IMUs) the mounted to the left thigh, 

right thigh, left calf, right calf, and lumbar area to collect 

accelerometer and gyroscope data from 39 healthy 

subjects. Each participant did six reps of a proper squat 

and five reps of faulty squats standard among beginner 

exercisers. There compared the results of squat posture 

classification using traditional machine learning and 

deep learning. A single IMU, or a combination of two or 

five IMUs, was used to obtain each result. 

2) Pose Trainer: Using Pose Estimation to Correct Exercise 

Posture [2]. Stance Trainer is a new app that identifies 

the user's exercise pose and delivers individualized, 

detailed recommendations on improving the user's form. 

Stance Trainer detects a user's posture using state-of-the-

art pose estimation technology, then assesses the pose's 

vector geometry through an exercise to deliver helpful 

feedback. 

3) Neural Networks for Physical Exercise Form Correction 

[3]. Convolutional Neural Networks classify images into 

three categories: proper, hips too low, and hips too high. 

The Neural networks are in work in a smartphone app 

that gives real-time posture correction input. We talk 

about the solution's limits and how to get around them. It 

provides a Convolutional Neural Network-based 

solution and assesses its performance under various 

environmental situations (background, camera angle, 

distance etc.).  

4) On-device Pose Estimation and Correction in Real-Time 

[4]. Methods for developing an app that can perform real-

time on-device pose estimation and correction while 

maintaining an excellent user experience. We put various 

state-of-the-art deep learning-based pose estimation 

models and approaches for pose correction to the test. 

For a better user experience, we demonstrated how to 

manage and limit the number of pose correction prompts. 

5) A Portable Smart Fitness Suite for Posture Correction 

and Real-Time Exercise Monitoring [5]. They use a 

gyroscope sensing module incorporated in the bright 

fitness suite, a body posture smart suggestion system 

analyses users' posture and leads them according to the 

specified back workout. The suggested technique also 

incorporates a bicep curl muscle health detection feature, 
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which detects muscle health in real-time. Furthermore, 

an EMG sensor prevents muscular injury by preventing 

the user from exercising when they are in an extreme 

exhaustion state. A t-test model is used to assess and 

validate the sensory dataset statistically.  

6) A Multi-Modal Posture Recognition System [6] for 

Healthcare Applications. A multi-modal strategy is used 

to analyze, learn, and correct postures using recent 

breakthroughs in machine learning technology. They 

used a combination of a 3-D depth map of the user & 

inertial measurement devices having nine degrees of 

freedom (DOF) to capture real-time postures of the user 

to test the accuracy of different poses done. To precisely 

measure the postures, a machine learning-based 

prediction technique is applied. 

7) Deep Learning & Neural Networks-Based Computer 

Vision Approaches [7]. For video analysis of human pose 

estimation, they used deep neural networks. The research 

is valuable in three ways. It provides an overview of 

current research on the topic. It lays the way for more 

research into video analysis, an area where the computer 

vision community hasn't focused as much as it has on 

photos. It also provides two models that represent a 

significant advancement in the field of human pose 

estimation. 

8) Learning 3D Human Pose Latent Representations using 

Deep Neural Networks [8]. The researchers propose a 

Deep Learning regression architecture that uses an over 

complete auto encoder to construct a high-dimensional 

latent pose representation. The evaluates common 

dependencies to predict 3D human posture from 

monocular photos or 2D joint location heat maps. To 

ensure temporal consistency in 3D pose predictions, we 

offer an efficient Long Short-Term Memory network. On 

conventional 3D human pose estimation benchmarks, we 

show that our approach delivers state-of-the-art structure 

preservation and prediction accuracy performance. 

III. SYSTEM DESIGN 

A. Architectural Design 

Many activities are carried out in the back end of our system 

during the exercise, as depicted in Figure 1. PoseNet receives 

the user's live exercise video as input. PoseNet extracts and 

stores the important points in an array. Using the dynamic 

time warping approach, this array is normalized and 

compared to the dataset pickle file. Finally, depending on the 

comparative ratings, feedback is created. 

 
Fig. 1: System Architecture. 

B. Implement Process: 

1) PoseNet: PoseNet is a posture estimate model that has 

been pre-trained. Pose Net was chosen for its lightweight 

and ease of installation and use for end-users. PoseNet is 

divided into two architectures: Resnet architecture and 

Mobile Net architecture. The MobileNet architecture is 

the one we've used in our system. PoseNet's excellent 

performance is a crucial consideration while using the 

Mobile Net architecture. PoseNet generates heat maps 

with a confidence score, which indicates the likelihood 

that a component of that key point type occurs in that 

location. The offset vectors, or the position of the heat 

maps, are the second output. The model then uses the 

argmax() function on the confidence score to select the 

highest score as the precise key-point, with the exact 

offset vector matching to the highest confidence score's 

position. PoseNet is capable of detecting 17 critical 

points for various body components.  

2) Key points Normalization: Users of our system may be 

different shapes, weights, and heights, and some may be 

near to the camera while others may be far away. All of 

the preceding elements have a significant impact on 

critical point scores and accuracy. As a result, the L2-

Normalization type is applied to key points obtained by 

Pose Net in order to make their total of squares equal one.  

3) Comparison: A comparison between the user's key points 

and the dataset's key points is required to provide 

feedback to the user. The dataset's critical points are 

saved in a pickle file, and dynamic time warping (DTW) 

is utilized to compare them. 

4) Pickle file: The important points from each exercise's 30 

films are extracted and stored into pickle files using Pose 

Net. Two modes are employed in this piece. In the first 

mode (Mode 1), each exercise will have 30 pickle files 

to compare. The important points from the 30 movies of 

each workout are averaged in the second mode (Mode 2). 

The seven exercises are completed in the same manner. 

The average pickle file is created by combining all of 

these average key points into a single pickle file format. 
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5) Dynamic Time Warping (DTW): The metric DTW is 

used to compare the nonlinear similarity of two time 

series. It can solve the problem of phase shifting between 

two comparable sequences (i.e. shifted in the time 

dimension). It creates a one-to-many match, ensuring 

that troughs and peaks with the same pattern are 

completely matched and that neither curve is left out. 

DTW is utilized in a variety of applications, including 

computer vision, sound recognition, and stock trading. 

The user exercise key points are compared to the pickle 

file of the same exercise using DTW.  

6) Feedback:  During the workout, the model will point out 

which area of the body is being done incorrectly. The 

proportion of the user's body that is compared to the 

created pickle file is the supplied aid. Many comparisons 

are done on the dataset's videos with varying durations, 

actors, and location of the actors in order to offer this 

feedback. The minimal percentage of each critical point 

is determined using these comparisons. Each key point 

of the user's body should be within the defined minimum 

and 100% to consider the posture of this key point to be 

correct. If it is not within the prescribed range, the user 

is given instructions on how to properly position this area 

of his body. 

7) Dataset: The home-based physiotherapy exercise 

(HPTE) dataset was employed in this study. Arm raising, 

shoulder abduction, single leg extension, static triceps 

extension, swing arm, circle arm, sitting leg, and seated 

hamstring were all included in this dataset. It was 

performed by five different performers of various sizes 

and sexes. Each actor does each exercise six times, each 

time in a different position and at a different time. The 

films were captured using a Microsoft Kinect sensor with 

a depth and RGB camera. These movies' depth, as well 

as their RGB and gray-level, are saved. Only seven 

exercises are employed in our method. The single leg 

extension exercise was eliminated since the essential 

elements were not apparent enough to focus on, 

compromising accuracy. 

C. Mathematical model 

Let S is the Whole System Consist of 

S= {I, P, D, O} 

I = Input home-based physiotherapy exercise data. 

P = Process 

D = Dataset 

O= Output Predicted 

Step1: The video or web cam will be entered by the user. 

Step2: Following are the procedures that will be executed 

when you input your query. 

Step3: Data Preprocessing. 

Step4: Feature extraction and feature selection. 

Step5: Training and Testing dataset. 

Step6: Classification. 

Step7: The improved classifier's final output and its 

performance indication. 

IV. PROJECT IMPLEMENTATION 

A. Overview of project modules: 

1) Module 1: Using a camera, we built a variety of user 

Exercise Postures and saved them to the hard drive. 

2) Module 2 Preprocess: 

All deep learning techniques demanded that the dataset be 

formatted correctly. The home-based physiotherapy exercise 

(HPTE) dataset was employed in this study. Every piece of 

data should be checked to see whether there are any null 

values. 

3) Module 3 Feature Extraction: 

The goal of Feature Extraction is to minimize the amount of 

features in a dataset by developing new ones from the ones 

that already exist. When creating a predictive model, feature 

selection is the process of minimizing the number of input 

variables. 

4) Module 4 Classification: 

The division of a set of data into categories is known as 

classification. They are capable of working with both 

organized and unstructured data. A POSNET network that 

has been pre-trained is used for classifying dynamic pose 

detection. 

 CNN Process: A convolutional neural network 

(CNN) is made up of many layers of neural networks. 

Convolutional and pooling layers are frequently alternated in 

most cases. From left to right in the network, the depth of 

each filter rises. The final level is usually made up of one or 

more layers that are entirely integrated. 

5) Module 5 Analysis: We illustrate the suggested system's 

accuracy and compare it to other current systems. 

 
Fig. 8: CNN Process 

B. Tools and technologies used 

1) Python 3.6: Python was created in the late 1980s as a 

replacement for the ABC programming language. List 

comprehensions and a garbage collection mechanism 

capable of collecting reference cycles were added in 

Python 2.0, which was published in 2000. Python 3.0, 

introduced in 2008, is a major change of the language 

that isn't totally backwards compatible, and much Python 

2 code won't run on Python 3. The Python 2 language, 

i.e. Python 2.7.x, will be officially deprecated on January 

1, 2020 after which no security fixes or other 

enhancements will be given. Python 2 is no longer 

supported, therefore only Python 3.7 and later are 

supported.  

2) PyCharm: PyCharm is a computer programming 

integrated development environment (IDE) that focuses 

on the Python programming language. JetBrains, a 

Czech firm, created it. It includes code analysis, a 

graphical debugger, an integrated unit tester, VCS 

integration, and web development with Django and Data 

Science with Anaconda. PyCharm is available in 
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Windows, Mac OS X, and Linux versions. The Apache 

License applies to the Community Edition, and a 

proprietary license applies to the Professional Edition, 

which includes additional features.  

3) Jupiter Notebook: Jupyter Notebook (previously IPython 

Notebooks) is an interactive web-based computing 

environment for authoring Jupyter notebook papers. 

Depending on the context, the term "notebook" can refer 

to a variety of things, including the Jupyter online 

application, Jupyter Python web server, or Jupyter 

document format. A Jupyter Notebook document is a 

JSON document that follows a versioned format and has 

an ordered series of input/output cells that can contain 

code, text, and media, and commonly ends in ".ipynb." 

 Through "Download As" in the web interface, the 

nbconvert library, or the "jupyter nbconvert" command 

line interface in a shell, a Jupyter Notebook may be 

converted to a number of open standard output formats.   

 Tornado (web server)  

 jQuery  

 Bootstrap (front-end framework)  

 MathJax  

 We have done our implementation with Jupiter 

Notebook also.  

4) MySQL: MySQL is a relational database management 

system that is free and open-source (RDBMS). 

MySQLTM is a SQL (Structured Query Language) 

database server that is extremely fast, multi-threaded, 

multi-user, and robust. MySQL Server is designed for 

mission-critical, high-volume production applications as 

well as integration with widely distributed software.  

V. CONCLUSION 

Because most of the topics covered in the literature available 

on posture estimation are rather complex, making it difficult 

for a new individual to get acclimated to the field, we have 

discussed fundamental technique and diverse applications of 

Human Pose Estimation in this work. This technology will 

play a critical role in developing and laying the groundwork 

for a variety of sectors, including Augmented Reality/Virtual 

Reality, Healthcare, Sports/Fitness, and many more. 

Simultaneous object and position detection, burglary 

detection, and predicting a person drowning in a pool based 

on his swimming stance are just a few instances. Virtual 

judges might score athletes in gymnastics, boxing, and other 

sports based on the correctness of their posture, movement, 

gestures, and other features. 
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