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Abstract— Pose estimation is a computer-based diagnostic 

technique that detects and evaluates a person's body shape. 

An important part of measuring a person's posture is the shape 

of the human body. Volume-based model, skeletal model and 

contour model are the three most commonly used types of 

human body models. Analysing human activities is beneficial 

in many areas such as video surveillance, biometrics, assisted 

living, home health monitoring etc. With our fast-paced 

lifestyle these days, people often prefer to exercise at home 

but feel the need for a teacher to evaluate their work. form. 

Since these resources are not always available, personal 

recognition can be used to create a self-study program that 

allows people to read and practice the tests effectively on their 

own. Our project forms the basis for building such a program 

by discussing various learning tools and in-depth learning 

methods to accurately distinguish yoga posture from pre-

recorded and real-time videos. The project also discusses a 

variety of posture and methods for obtaining key points in 

detail and describes the in-depth learning models used for 

pose segmentation. 
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I. INTRODUCTION 

A computer vision technique known as pose estimation 

predicts and tracks the location of a person or object. 

Computers develop a more natural understanding of human 

behavior by tracking human poses in real time. The basic 

steps followed are detecting, associating, locating and 

tracking semantic keypoints. Tracking these key points in 

images and videos is the goal of our model. Pose estimation 

can be classified into Single-person and multi-person pose 

estimation depending upon the number of people being 

tracked: 

 2D Pose Estimation estimates from a RGB image a 2D 

pose (x,y) coordinates for each joint. 

 3D Pose Estimation estimates a 3D pose (x,y,z) 

coordinates a RGB image. 

 In the discipline of computer vision, human pose 

estimation is a challenging problem. Human pose estimation 

deals with localization of human joints in an image or video 

to form a skeletal representation. Automatically detecting a 

person’s pose in an image is a difficult task. It depends on a 

number of aspects such as scale and resolution of the 

background clutter, image, clothing variations, illumination 

variation, surroundings and interaction of humans with the 

surroundings. Exercise and fitness is an application of pose 

estimation which has attracted many researchers in this field. 

Yoga is one form of exercise with intricate postures. It is an 

age-old exercise that started in India but is now famous 

worldwide because of its many spiritual, physical and mental 

benefits. 

 But there is a problem with yoga. It is important to 

practice it correctly as an incorrect posture during a yoga 

session can be unproductive and possibly detrimental. This 

highlights the necessity of having an instructor to supervise 

the session and correct the individual’s posture. It is seen that 

all users don't have access or resources to an instructor. In 

such cases, an artificial intelligence-based application might 

be useful to identify yoga poses and provide personalized 

feedback to help individuals improve their form.  

 Human pose estimation has benefited greatly in 

recent years from deep learning. Huge gains in performance 

have been achieved. A straightforward way of mapping the 

structure instead of having to deal with the dependencies 

between structures manually is provided by deep learning. 

Deep learning has been used to identify 5 exercise poses: pull 

up, swiss ball hamstring curl, push up, cycling and walking. 

Using this method for yoga poses is something new. 

 This project focuses on exploring the different 

approaches for yoga pose classification and different 

exercises and it seeks to attain insight into the following: 

What is pose estimation? What is mediapipe? How can 

TensorFlow be applied to yoga pose classification in real-

time? References from conference published papers, 

technical reports, proceedings, and journals have been used. 

The first section of the project talks about the history and 

importance of yoga, pose estimation and explains different 

types of pose estimation methods in detail. The second 

section talks about the review of literature. The third and 

fourth section talks about the work done, summary and 

conclusion, respectively.  

A. Overview 

Multi-person pose estimation is more difficult compared to 

single person pose estimation because neither the position nor 

the number of individuals is mentioned to the model. Top-

Down & Bottom-Up are two main pipelines in multi-person 

approaches. As the top-down is somehow just an expansion 

of SPPE, the top-down approach is more comfortable to 

employ than the bottom-up approach. A few challenges are 

there in each pipeline, i.e., if we go with the top-down 

approach, the KeyPoint estimation and Human detection 

problem should be solved while by choosing the bottom-up 

approach, we need to face the KeyPoint grouping challenge.  

B. Top-Down Approaches: 

The first step in the top-down approach includes detecting all 

individuals in a given image using a human detector module 

(bounding box object detector). Every individual is cropped 

and resized after indicating bounding boxes for each person 

available in the image. At this point, the problem of multi-

person pose estimation is divided into a Single-Person pose 

estimation (SPPE) for every cropped image. Then a single 

person approach is performed on each of the individuals to 

detect the KeyPoints. A post processing step like Non-

Maximum Suppression (NMS) will be applied to illustrate the 

result of multi-person pose detection. 
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Fig. 1.1.1: Top-Down approaches path 

 The two main reasons because of which top-down 

approaches are more straightforward are firstly, it is the same 

SPPE problem after the detection step, and secondly, one of 

the off-the-shelf detectors such as Faster R-CNN, YOLO, or 

SSD can be used. A problem known as “early commitment,” 

arises with these approaches which means if in any case, the 

human detector fails to detect individuals precisely and 

accurately in an image, it will disrupt the whole process, and 

the recovery from the disruption is impossible. The Top-

down approach performs poorly when multiple individuals 

are near each other (overlapping and occlusion). Because the 

occlusions and overlapping of people in the provided image 

can prevent the computer vision human detector from 

indicating bounding boxes for individuals positioned behind 

each other. Also, due to overlapping people in a single 

detected bounding box the state of the problem from a single 

person will be changed to a multi-person. For each human 

detection, the model has to run a single-person pose 

estimator, so as the number of people increases in an image, 

the computational cost rises. 

 
Fig. 1.1.2: An illustration of top-down approach (a) Input image, (b) two persons detected by the human detector, (c) cropped 

single person image, (d) single person pose detection result, and (e) multi-person pose estimation result. 

1) Bottom-Up Approaches: 

Just like top-down approaches, the bottom-up methods also 

start by detecting all key-points (body parts) in an instance 

agnostic manner and then associating these detected key-

points to build a human instance (Fig. 3). The computational 

costs are relatively lower than top-down methods since these 

approaches do not need to estimate each person’s pose 

separately. Early commitment is also not an issue for this 

method. Bottom-up approaches face challenges in connecting 

the key-points and building the human instances for crowd 

images where there is a large overlap between people. 

However, this problem is more severe in the top-down 

pipeline. Also, the association module computational cost 

rises as the number of instances increases. 

 
Fig. 1.1.3: Bottom-Up approaches path

 

C. History of yoga 

With aging and accidents, Humans are prone to 

musculoskeletal disorders. In order to prevent these, some 

form of physical exercise is necessary. The exercise that has 

gained tremendous significance in the community of medical 

researchers which is a physical and spiritual exercise is Yoga. 

Yoga possesses the ability to cure diseases without any 

medication and improve physical as well as mental health. A 

vast body of literature on the medical applications of yoga has 

been generated which includes positive body image 

intervention, mental illness, cardiac rehabilitation, etc. Yoga 

comprises various physical static postures known as asanas. 

As Yoga involves complex configuration of postures, the 

application of pose estimation for Yoga is a bit complicated 

task. Additionally, when the asana involves horizontal body 

posture or when both the legs overlap each other, some state-

of-the-art methods fail to perform well. Therefore, the need 

to develop a robust model which can help popularize self-

instructed yoga systems has arised.  

D. Problem and Motivation 

 The pictorial structures framework is the classical 

approach for articulated pose estimation. The basic 

approach is to represent an object by a collection of 

"parts" arranged in a deformable configuration (not 

rigid). An appearance template which is matched in an 
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image is a "part". The spatial connections between parts 

is shown by springs. The resulting structure can model 

articulation which is very relevant in pose estimation 

when the parts are parameterized by pixel location and 

orientation 

 This method, however, comes with the limitation of 

having a pose model not depending on image data. 

Hence, research has focused on enriching the 

representational power of the models. 

 Yang and Ramanan used a mixture model of parts for 

expressing complex joint relationships. A collection of 

templates arranged in a deformable configuration and 

each model has a global template and part templates are 

called deformable part models. These templates are 

matched for in an image to recognize or detect an object. 

The Part-based model can model articulations properly. 

This however does not take the global context into 

account and is achieved at the cost of limited 

expressiveness. 

 The existing system for pose detection uses the box 

method. In the box method, rectangular boxes around the 

expected areas are first drawn and then the position of 

joints inside the boxes are located. This box method faces 

some problems. Errors such as incorrect localization and 

incorrect recognition as usually displayed by the box 

system. 

E. Proposed plan of work 

 
Figure 1.4.1: Pose landmarks

F. Objective 

1) Eliminate the need of a physical instructor. 

2) Quick assessment and results. 

3) Provide scope for self-analysis and improvement. 

4) Provides a flexible time solution for the owner. 

5) Reduce the cost involved in physical classes. 

II. LITERATURE REVIEW 

A. Single Person Pose Estimation  

The pose estimation problem in single person pose estimation 

is simplified by only attempting to estimate the pose of a 

single person. And it is also assumed that the person 

dominates the image content. Pictorial structure models were 

considered by conventional methods. For instance, tree 

models and random forest models have demonstrated to be 

efficient in human pose estimation. Graph based models such 

as random field models and dependency graph models have 

also been widely investigated in the literature. Recently, deep 

learning has emerged as a promising technique in object and 

face recognition. Human pose estimation is of no exception. 

Apart from simply estimating a human pose, some studies 

consider human parsing and pose estimation simultaneously. 

These methods could perform well only when the person has 

been correctly located for single person pose estimation. 

However, this assumption is not always fulfilled. 

B. Multi Person Pose Estimation  

1) Part-based Framework 

Representative works on partbased framework have been 

reviewed. An approach to parse occluded people by graphical 

model that models humans as flexible compositions of body 

parts. k-poselets were used to jointly detect people and 

predict locations of human body parts. A weighted average of 

all activated poselets is used to predict the final pose 

localization. Pishchulin et al. proposed DeepCut. It first 

detecta all body parts, and then labels them and assembles 

these parts using integral linear programming. A stronger part 

detector based on ResNet and a better incremental 

optimization strategy is proposed by Insafutdinov et al. While 

part-based methods have demonstrated good performance, 

their body-part detectors have sometimes proved to be 

vulnerable as only small local regions are considered.  

2) Two-step Framework 

The work follows the two-step framework.  Used a CNN 

based SPPE method to estimate poses, while Pishchulin et 

al.  used conventional pictorial structure models for pose 

estimation. In particular, Insafutdinov et al propose a similar 

two-step pipeline which uses the Faster R-CNN as their 

human detector and a unary DeeperCut as their pose 

estimator. 51.0 in mAP on MPII dataset can be achieved 

using this method. The two-step framework can achieve 

further advances in its performance with the development of 

object detection and single person pose estimation. 

https://www.cs.cmu.edu/~deva/papers/pose_pami.pdf
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III. WORKING AND MODULES 

A. Working 

1) Detects the pose of multiple people using a webcam or 

using existing video on our desktop. 

a) Install multi person movenet, TensorFlow and 

tensorhub. 

b) Load the multi person movenet lightning model. 

c) Make detections using video and webcam. 

d) Draw keypoints and edges. 

2) Use machine learning algorithm to detect poses. 

3) Finally, render the desired results. 

B. Modules 

1) Pose module: It is to detect keypoints and edges and it 

shows the number of frames at the top. 

2) AI Trainer: It detects joints. Counts the number of bicep 

curls. Shows the frame rate at the top. 

3) Website: It has two modules namely start and tutorial.  

a) When we click on “Let’s start” → Select a pose from 

dropdown → “Start Pose”: 

b) The screen displays - Pose time, Best and Stop Pose 

button. 

c) Pose time: If the person is doing the exercise with 

good (or correct) posture pose time is incremented 

and a ding sound is heard after every second. 

d) Best: Displays the time for which the person holds 

the position for maximum duration.   

e) Tutorial: It displays the basic details to use the 

website. 

IV. RESULT AND DISCUSSIONS 

A. Stipulated Development 

As per the synopsis of the Multi person pose estimation 

project the project development team has completed 100 % 

of the total project work that is needed to deem the project as 

complete by the faculty and the project development team. 

 All of the work in the project was divided in three 

phases and the work described below stands true for the first 

three phases of the project that involves the development of 

the user interface of two applications and the website for the 

project. 

B. Hardware Setup for Development 

The development of the user interface for this project 

involving a website was undertaken using three different 

systems working on three different operating systems. 

 The website’s user interface was developed using a 

system running Windows 10 home operating system having 

Intel Core i5 quad core processor with 8 GB of random-

access memory.  

 The hardware that was used was working as per the 

requirements of the team.  

C. Software Setup for Development 

The development of the user interface of the website was 

undertaken using JavaScript programming language. Visual 

elements of the website were developed using Hypertext 

Markup Language (HTML), Cascading Style Sheets (CSS) 

and Bootstrap framework. 

 The coding was done on PyCharm. PyCharm is an 

Integrated Development Environment (IDE) for Python 

which provides a wide range of essential and necessary tools 

for Python developers, tightly integrated to provide users with 

a convenient environment for productive Python, web, and 

data science development. 

 Google chrome was the web browser of choice for 

testing the website. Hence, the website developed so far is a 

responsive website that can be viewed on any device without 

any user interface issues. 

D. Software development life cycle model adopted 

Multi person pose estimation project is a massive undertaking 

a BE final year project, hence it was the need of the hour to 

select a feasible software development life cycle model.  

 Proper selection of a software development life 

cycle allows the team to develop the system efficiently. 

Furthermore, it allows the team to deliver most of the features 

and to deliver the project on time.  

 The SDLC model that the team selected is the 

Waterfall SDLC model. The selection was done on the basis 

of the two points listed above. 

 
Fig. 4.4.1: Steps in Waterfall SDLC model 

V. SUMMARY AND CONCLUSION 

A. Summary 

 Multi Person Pose Estimation focuses on camera 

detection of human pose by locating the members present 

in the human body. 

 The main focus of this project is to provide real-time 

quick and accurate results for the user and eliminate the 

need for a physical instructor. 

 The main motive is to provide the user with a flexible 

time, a flexible environment, a self-evaluation system 

that provides comparable quick results and helps to 

accurately identify errors in user configuration. 

 Multi Person Pose Estimation provides the user with the 

precise alignment needed to gain accuracy in that 

specific position. 

 This website is very helpful for those who find it difficult 

to manage either the physical class timings or find it 

difficult to locate or commute to physical classes. 

 Sound system is also added to the website which will 

ding at one second interval. 
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VI. CONCLUSION 

Human body estimation has been studied extensively over the 

years. Compared with other computer vision problems, the 

measurement of a person's posture differs as it should be 

positioned and integrated parts of the human body on the 

basis of the already defined structure of the human body. The 

use of strenuous and athletic balance measurements can help 

prevent injuries and improve people’s athletic performance. 

Yoga self-training programs have the potential to make yoga 

known and to ensure that it is practiced properly. In-depth 

learning methods are promising due to the large amount of 

research being done in this field. The use of the CNN hybrid 

and LSTM model in OpenPose data seems to be very 

effective and separates all 7 yoga positions well. Basic CNN 

and SVM also work better than we expected. The 

performance of SVM proves that ML algorithms can also be 

used to measure posture or task recognition problems. Also, 

SVM is much simpler and less difficult compared to a neural 

network and requires less training time. 

VII. FUTURE SCOPE 

The proposed models currently classify only 7 yoga asanas. 

There are a number of yoga asanas, and hence creating a pose 

estimation model that can be successful for all the asanas is a 

challenging problem. The dataset can be expanded by adding 

more yoga poses performed by individuals not only in indoor 

settings but also outdoors. The performance of the models 

depends upon the quality of OpenPose pose estimation which 

may not perform well in cases of overlap between people or 

overlap between body parts. A portable device for self-

training and real-time predictions can be implemented for this 

system. This work demonstrates activity recognition for 

practical applications. An approach comparable to this can be 

utilized for pose recognition in tasks such as sports, 

surveillance, healthcare etc. Multi-person pose estimation is 

a whole new problem in itself and has a lot of scope for 

research. There are a lot of scenarios where single person 

pose estimation would not suffice, for example pose 

estimation in crowded scenarios would have multiple persons 

which will involve tracking and identifying pose of each 

individual. A lot of factors such as background, lighting, 

overlapping figures etc. which have been discussed earlier in 

this survey would further make multi-person pose estimation 

challenging. 
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