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Abstract

Human pose estimation is a rapidly advancing field in computer
vision, with applications spanning sports, healthcare, fitness, and
human-computer interaction. The primary goal is to accurately
detect and interpret human body key-points, which can be used to
assess and correct postures and movements. Recent advancements
in deep learning have enabled significant progress in pose
estimation accuracy. This paper proposes a novel approach to
enhance human pose estimation and correction using a deep
learning-based Al trainer system. The Al trainer leverages machine
learning algorithms to detect human poses in real-time and utilizes a

feedback system to provide corrective insights.

INTRODUCTION

In an era where technology is revolutionizing
fitness and training, Al TRAINER emerges as an
intelligent solution for posture analysis and
correction. Traditional training methods often
lack real-time feedback, leading to improper
posture, increased injury risk, and inefficient
workouts. This project leverages Human Pose
Estimation (HPE) and Machine Learning (ML) to
create an Al-powered virtual trainer capable of
detecting, analyzing, and correcting human
postures  with  precision.Using advanced
computer vision techniques,Al TRAINER
captures body movements, identifies key
skeletal points, and compares them against
predefined correct postures. The system then
provides real-time feedback, enabling users to
adjust their form instantly. Whether for fitness
Exercises, rehabilitation, or sports training, this
Al-driven trainer enhances performance while
minimizing the risk of injuries.By integrating
deep learning models, such as Open-pose or
Media-pipe, and real-time correction algorithms,
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Al TRAINER not only detects errors but also
guides users to achieve optimal movement
patterns. This innovative approach bridges the
gap between personal training and Al-driven
automation, making professional-level guidance
accessible to everyone. Al TRAINER isn't just a
tool—it's a virtual fitness coach, physiotherapist,
and sports analyst all in one, setting a new
benchmark in intelligent pose correction and
movement analysis.

Problem Statement

Traditional fitness training and rehabilitation
programs often lack real-time, accurate feed
back on posture and movement,The rise of at-
home workouts and digital fitness solutions,
there is a growing demand for systems that can
ensure safe and effective exercise routines
ineffective workouts, increased risk of injury,
and slow recovery. This project aims to develop
an Al-powered virtual trainer using human pose
estimation and machine learning to analyze,
correct, recognize deviations from ideal postures
and provide instant feedback on human posture.
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By leveraging deep learning techniques, the
system will detect incorrect poses, suggest
corrections, and enhance user performance in

fitness, and  physiotherapy applications
eliminating the need for constant human
supervision.".

RELATED WORK

Several methods have been explored for pose
estimation, utilizing sensors, video analysis, and
machine learning techniques to assess human
posture. Some of these approaches are outlined
below.

Steven Chen ,Richard Yang used neural network
for the first time to improve pose detection
using regression on CNN for finding the location
of body joints.A stacked hourglass neural
network architecture was introduced by.

A. Newell, K. Yang, and ]. Deng which works on
bottom up and top-down approach for finding
pose predictions

Astri Handayani,Hasna Marhamah Auliya
explains DNN architecture 395 succeed to
estimate body poses for one-person images
accurately. But Detection on images with two or
more people in one frame the results are not
accurate due to multiple overlaps and
coincidences of breakpoints.

Shotton, A. Fitzgibbon, and colleagues utilized
single-depth maps to predict 3D joint positions
through object recognition techniques.

F. Bogo, A. Kanazawa, and others employed
single RGB images to estimate both 3D poses
and 3D mesh shapes. Research has also been
conducted on detecting multiple human poses
within a single frame.

G. Papandreou, T. Zhu, and their team
implemented a two-stage process for multi-
person pose detection, where the first step
identifies individuals, and the second step
detects their key points. For analyzing physical
movements,

P. Zell, B. Wandt, and B. Rosenhahn introduced a
method that represents the body as a mass-
spring system, allowing the calculation of forces
and torques transmitted through the body's
joints.

Esraa Samkari, Muhammad Arif ,Manal
Alghamdiplete Highlight the primary obstacles
in the field, such as computational complexity,
occlusion handling, or dataset's
limitations.Suggest ~ potential  areas  for
improvement, including integrating multi-modal
approaches, enhancing real-time efficiency, and
leveraging transformer-based architectures.

The paper "Improve Accurate Pose Alignment
and Action Localization by Dense Pose
Estimation" by Yuxiang Zhou, Jiankang Deng,
and Stefanos Zafeiriou focuses on enhancing the
accuracy of pose alignment and action

localization in human pose estimation tasks. The
authors propose using dense pose estimation,
which maps 2D images to 3D body surface
models, improving the precision of identifying
key body points and capturing more detailed
human poses. Their approach is beneficial in
complex environments where accurate human
action recognition and pose estimation are

crucial, particularly for applications like
augmented reality and human-computer
interaction..

To identify multiple people in real-time, Z. Cao,
T. Simon, and colleagues proposed using part
affinity fields, which extract features from the
first 10 layers of VGG-19 without the need to
separately detect each individual. Their
approach utilizes a three-branch CNN
architecture to predict joint locations, limb
directions, and orientations through part affinity
fields, enhancing the initial features. This
method improves regression accuracy by
combining and refining the outputs of all three
brganches. In contrast, a simpler approach is
applied in this application, focusing on analyzing
the angles and distances between joint key
points to provide feedback to the user, without
requiring a full physical simulation.Units

SYSTEM DESIGN
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This application employs OpenPose, a pre-
trained model built on a multi-stage
convolutional neural network (CNN), to identify
a user’s posture. By analyzing the vector
geometry of the pose during an exercise, the
system provides valuable feedback. Pose
estimation involves determining the spatial
positions of key body joints from images or
videos. This computer vision technique identifies
human posture and marks essential key points,
such as elbows and knees, in the output image.

Data Pre-Processing

/

Data Acquisition

Captures frames in real-time
or from a pre-recorded
video,

Normalize Clean -Save
Keypoints

Pose Estimation
(Open CV)

Feautre Extraction Sampling

e Pt
Detection
Automted Features
Model Evaluation /
Evaluate Exercise Provide Specific
Using ML — Feedback On Motion

Fig.1 Block Diagram of Pose Estimation and
Correction

System Overview
The system can be divided into several main
components

User Input Capture

Pose Estimation Module

Posture Analysis and Correction Engine
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Feedback Generation Module
User Interface and Dashboard

System Architecture

Detailed Components Breakdown

User Input Capture :

. Camera: A webcam, smartphone camera, or
depth camera captures real-time video of the
user performing exercises.

. Wearable Sensors (optional): If more precision

is needed, additional sensors can be used to
track.
e  Pose Estimation Module:

Pretrained Models Like
Mediapipe ,HRNet, or BlazePose.

Keypoint Extraction Identify body joints
(e.g., shoulders, elbows, knees).

Skeleton Mapping: Convert keypoints into a
structured skeleton representation.

POSTURE ANALYSIS AND CORRECTION ENGINE:
Comparison-against-ideal
PoseAngleCalculation,ErrorDetection,Correction
Logic The system computes angles between key
joints to evaluate the user's pose.

Forinstance:
Squat: The angle between the thigh and shin.
Push-up: The angle between the upper arm and

forearm.
Plank: The angle between the torso and the
ground Any Many More Exercises.
Feedback Generation Module.
Visual Feedback: The system overlays feedback
directly onto the user’s video feed Color-coded
poses (e.g, green for «correct, red for
incorrect)., Textual feedback, such as "Raise your
arm  higher" or "Adjust your knee
position.Arrows or lines showing required
adjustments.
User Interface and Dashboard

The interface displays a live feed of the user
with keypoints annotated (e.g., dots over joints).
This helps the user visually track their posture.

OpenPose ,

(b) Planar
Keypoint detection is more important than
planar and volumetric methods for human pose

(@) Kinemalic (¢) Volumetlric

estimation correction because it provides
precise localization of critical joints, enabling
fine-grained motion analysis. Unlike planar
methods, which lack depth information, and

volumetric approaches, which are
computationally  expensive, keypoint-based
models efficiently track dynamic movements in
real-time. This makes them ideal for
applications like sports performance,
rehabilitation, and interactive Al-driven fitness
coaching.

IDENTIFY, RESEARCHANDCOLLECT IDEA
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The integration of Human exercise in our day to
day life is important Giving the touch of
technology makes it more useful. And Enhance
the more feature from it. This section outlines
the identification of key ideas, reasearch
findings and techonological innovations derived
From Recent literatured by indexing services.

Identifying the Problem
such as Occlusion (body parts
hidden),Variability in human postures,Different
camera angles & lighting conditions.Need for
real-time processingErrors in detection and
correction.

Researching Existing Work & Approaches
Traditional Methods Rule-based approaches for
pose tracking (e.g, OpenPose, Posenet)
Challenges with handcrafted features and
traditional computer vision methods.

Machine Learning-based Methods
Deep Learning models (CNNs, RNNs) for
feature extraction.
-State-of-the-art models like
MediaPipe, HRNet, DeepPose.
‘Use of Transformers and Graph Neural
Networks (GNNs) in pose estimation.
Pose Correction Techniques
- Data-driven correction using labeled datasets
‘Reinforcement learning for adaptive pose
correction
Applications in physiotherapy, fitness training,
workplace ergonomics.
Collecting Ideas for Implementation With
Various Data  sources like datasets
COCO,MPILAI Trainer,JHMDB.and then selection
for model CNN-based .Correction Methods like
ule-based feedback(if joint angle>threshold-
alert).Using Frameworks Opencv.Mediapipe.
Deep pose Estimation models Toshev &
szegedy introduces work the application of deep
learning to pose estimation, detailing how
neural networks can capture and predict human
pose effectively. It laid the groundwork for
many follow-up deep learning approaches in
pose estimation
OpenPose and  Multi-Person  Pose
Estimation Cao, Z., Hidalgo, G., Simon, T., paper
describes OpenPose, a widely used real-time
pose estimation model, and introduces part
affinity fields, which are useful for multiperson
pose estimation. This model has been applied to
Al trainers due to its accuracy and

OpenPose,
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speedSelection: Highlight all author and
affiliation lines.
Human Pose Correction with

Reinforcement Learning Li, Y., Wang, X., Zhang
presents an innovative use of transformers for
pose estimation, showing improvements in
capturing detailed pose structures.
Transformerbased approaches can enhance
pose precision, which is useful in advanced Al
trainer applications.

MATHEMATICAL MODEL

Pose estimation aims to predict key points
(joints) of the human body. Let:

P={p1,p2,..pn} be the: I be the input image or
video frame.

set of predicted key points, where each key
point pi is represented as:

pi=(xi,yi,ci)

where:

xi,yi are the pixel coordinates of joint i

ci is the confidence score (probability) of the
detected joint.

A deep learning model is used to predict these
points:

P=f(I,W)

where W represents the weights of the neural
network.

Pose Comparison and Error Detection:-

Once the pose is estimated, it is compared with a
reference pose Pr, which represents the correct
posture.

Pose Similarity Metrics

Euclidean Distance: Measures the difference
between the detected pose and the reference
pose:

Dif = \/(wé - :Er‘)ﬂ T (yif - %,)2

where (xri, yri)is the ideal position of joint i

Cosine Similarity: If joints are represented as
vectors, similarity between the predicted and
reference pose is:

P.P.
5’ i
12| 7]
A value closer to 1 indicates higher similarity.
- Angle Deviation: The angle between body
segments is calculated using:

1 ((Pa - Pj) . (Pr, - 'Prj)‘)

#; ; = cos
! i — willl[pr, — pr|

If 6i; deviates significantly from the expected
value, a correction is needed.

Error Classification and Correction
Define an error threshold T:

If Di>T or S<Smin classify it as an incorrect
posture.

170

Compute the direction and magnitude of
correction:

Ap; = p,, — pi

The user must move by Api in the correct
direction.
For angles:

AG=6,;—86,,

If |1AB1>0T, suggest rotation correction.

Feedback Mechanism

The system provides real-time feedback using a

function:

F(P,Pr)={verbal cues,visual overlays,haptic feed

back}

If a joint is misaligned, a message like "Move

your left knee slightly forward" is generated.

Arrows or skeleton overlays show correction
direction.

Machine Learning Optimization

L= Z(D,‘)z + A(regularization)
i=1

where:
L is the loss function.
A is a regularization term to prevent
overfitting.
The system continuously updates W using
gradient descent:
oL

W e W =

where 1) is the learning rate.

FUTURE SCOPE

Al-Powered Virtual Personal Trainer for Fitness
& Rehabilitation Al-Assisted Physical Therapy &
Rehabilitation. Whenever and wherever user
want at-home,low cost fitness solution ,Use Al
to track patients’ recovery progress by
comparing their movements against a reference
model and providing corrective suggestions.Al-
Driven Posture Correction for Ergonomics &
Workplace Safety.Al-Based Sports Performance
Coaching, Al for Dance & Performing Arts
Training provide feedback on alignment,
rhythm, and flow.Al-Based Gesture Recognition
for Sign Language LearningAl-Enabled Gaming
& VR Motion TrackingAl-driven pose estimation
for robots to understand and mimic human
movements, improving human-robot
collaboration.
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