Volume 10, Issue 1, January — 2025
ISSN No:-2456-2165

International Journal of Innovative Science and Research Technology
https://doi.org/10.5281/zenodo.14792171

Adaptive BMI Estimation through Facial Analysis

IDr. R Amutha; ?A.S. Rohith Raghav; *Amulya C.; 4Jyothi U.; ’Keerthana M.G.

Department of Information Science and Engineering, AMC Engineering College, Bengaluru, India

Publication Date: 2025/02/03

Abstract: The system utilizes state-of-the-art machine learning algorithms and deep learning techniques to analyze facial
features and predict BMI with high accuracy. The primary advantage of using facial recognition technology is its non-
invasive nature, which ensures a user-friendly and accessible approach to health monitoring. This method can make benefits
for individuals with physical disabilities, as it eliminates the cumbersome or intrusive measurements. This model to trained
on dataset that includes individuals with a single or more physical disabilities. The dataset encompasses various facial
features and annotations that are pertinent to BMI prediction. By incorporating this diverse data, the model is made robust
and capable of handling the unique variations in the physically challenged population.

The process initiates with image capturing, where users can either upload an existing image or capture a new one using
a camera. The system then performs detection of facial landmarks to identify facial features, such as the eyes, nose, mouth,
and facial contour. These landmarks are crucial extraction of meaningful features that correlate with BMI. The detected
facial landmarks are then normalized to ensure consistency across different images, mitigating variations due to scale,
orientation, and lighting conditions. Subsequently, the normalized facial points are used to extract relevant features. Few
features may include distances between specific landmarks, ratios, and geometric shapes formed by the landmarks.
Advanced feature extraction techniques and statistical analyses are employed to derive these metrics. The extracted features
serve as input to the predictive model, which has used supervised learning for training. Once the training is done, it
is capable of predicting BMI from facial features with high precision. The system provides real-time feedback, allowing
users to monitor their BMI effortlessly. The non-invasive nature of this approach makes it ideal for routine health
monitoring and early detection of potential health risks.
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I INTRODUCTION Body Mass Index (BMI) is a widely recognized

measure used to categorize individuals based on their body

The project titled "BMI Prediction for Physically weight relative to their height, providing a useful

Challenged" aims to bridge this gap by developing a
personalized BMI prediction system which is accurate and
inclusive. This project uses advanced machine learning (ML)
algorithms and accessible biometric inputs to provide reliable
BMI estimates tailored to the specific needs of physically
challenged individuals. By incorporating diverse body types
and mobility levels into the predictive model, this system
ensures a more equitable approach to health monitoring. The
significance of this project lies in its potential to help
physically challenged individuals with accurate health
assessments, enabling them to make decisions about their
well-being. Additionally, this project highlights many
inclusivity in health technologies, setting a precedent for
future advancements in the field.

BMI (kg/m2) = weight (kg) / [height (m)]2
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indicator of potential health risks. Traditional methods of
BMI calculation require accurate measurements of height and
weight, which can be cumbersome or challenging for
physically challenged individuals. This limitation often leads
to inaccuracies in BMI assessments, potentially impacting the
effectiveness of healthcare interventions tailored to these
individuals.

e Problem Statement: Physically challenged individuals
often encounter significant difficulties in obtaining
precise height and weight measurements due to mobility
constraints or the lack of specialized equipment. These
challenges can result in erroneous BMI estimations,
undermining the accuracy of health assessments and
treatment plans. Therefore, there is a pressing need for a
non-invasive, accessible, and accurate alternative method
for BMI prediction.
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The aimis to address this gap by developing a machine
learning model that can predict BMI using facial features.
Leveraging facial recognition technology and advanced
machine learning algorithms, this innovative approach seeks
to provide a reliable, non-invasive solution for BMI
estimation. By focusing on facial features, the model offers
an inclusive method that can be easily applied across various
settings without requiring extensive physical measurements.

¢ Significance of the Study: The implications of this
research are far-reaching. By improving accuracy of BMI
predictions for physically challenged individuals,
healthcare providers that can offer more precise and
effective interventions. Additionally, this method
enhances accessibility, ensuring that BMI assessments are
not limited by physical constraints. Ultimately, this study
contributes to the broader goal of inclusive healthcare,
advocating for technological advancements that address
the unique needs of all individuals.

1. LITERATURE SURVEY

A. “Facial Landmark based BMI Analysis for Pervasive
Health Informatics” by Yujin Wang, Zhi Jin, Jia Huang,
Hongzhou Lu, Wenjin Wang (2023):

This research paper focuses on the innovative use of
facial landmark detection to estimate BMI as part of
pervasive health informatics. The authors propose a
comprehensive framework that leverages RGB cameras to
capture face images and subsequently convert these images
into BMI values or categorize them into specific obesity
classes such as underweight, normal, and overweight. The
study emphasizes using 2D and 3D facial landmark models to
enhance the robustness and the accuracy of the BMI
estimation process.

By identifying and analyzing key facial landmarks, the
framework provides a non-invasive, user-friendly method for
health monitoring. This method is particularly significant in
the role of pervasive health informatics, where continuous
and unobtrusive health monitoring is crucial. The
framework's ability to integrate seamlessly with everyday
technology like RGB cameras can be a relying approach for
widespread health assessment.

B. “BMI Estimation via Facial Image Analysis” by B.
SrinivasaRao, Y. Ashok Kumar, V. Vinay Sai, G. Srinu
(2024):

This paper explores the application of deep learning
models in predicting BMI from facial images. The research
utilizes advanced pre-trained models, including VGG-Face,
Inception-v3, and Xception, to uncover correlations between
facial features and BMI. By fine-tuning these models on a
large dataset of facial images and corresponding BMI values,
the authors aim to enhance the models' predictive accuracy.
The study details the methodology of using these deep
learning techniques to analyse various facial features,
demonstrating how specific characteristics and patterns in
facial images can be indicative of BMI.
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This approach underscores the potential of leveraging
state-of-the-art Al technology in health informatics,
providing a novel, non-invasive method for health monitoring
that can be readily integrated into existing systems.

C. “Estimating Human Weight From a Single Image” by Zhi
Jin, Junjia Huang, Wenjin Wang, Aolin Xiong, Xiaojun
Tan (2024):

This research presents a dual-branch regression
framework designed to estimate human weight, and
subsequently BMI, from a single 2D body image. The
framework integrates anthropometric features, which are
traditional body measurement features, with deep learning-
based feature extraction methods. The combination of these
two approaches aims to improve the accuracy of BMI
estimation.

The study highlights the importance of using both
anthropometric  features, which provide a baseline
understanding of body composition, and advanced Al
techniques, which enhance the model's ability to interpret
complex patterns in the data. This dual- branch framework
offers a comprehensive and robust solution for estimating
BMI from single images, showcasing the potential for
practical applications, innovative in health assessment.

o “Investigation on Body Mass Index (BMI) Prediction
from Face Images” by Chong Yen Fook, Lim Chee
Chin, Vikneswaran Vijean (2020): This paper
investigates the feasibility of predicting BMI using
images with a face through the application of deep learning
techniques.

The authors utilize publicly available datasets to train
and validate a model that can accurately guess and prdeict
BMI based on facial features.

The study explores various deep learning architectures
and methodologies to identify the most effective approach for
this task. By analysing the correlations between facial
features and BMI, the research demonstrates the potential for
using facial image analysis as a reliable and non-invasive
method for health monitoring.

The findings contribute to the growing of knowledge in
Al-based health informatics, highlighting the practicality and
effectiveness of using facial analysis for BMI prediction.

D. Facial Landmark based BMI Analysis for Pervasive
Health Informatics (2023):

This paper explores the innovative use of face images
captured by RGB cameras to estimate BMI. The authors
propose a framework that utilizes 2D or 3D facial landmark
models to convert these images into BMI values or categorize
them into obesity classes such as underweight, normal, and
overweight.

The study employs a robust approach using facial
landmark detection to identify key points on the face. These
landmarks are then used to create a model that accurately
predicts BMI. The framework leverages both 2D and 3D
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models, enhancing the precision of BMI estimation across
different scenarios.

The proposed framework highlights the potential of
facial analysis in health informatics, providing a non-
invasive and efficient method for BMI prediction.

This approach is particularly relevant for pervasive
health monitoring applications.

E. BMI Estimation via Facial Image Analysis (2024):

This study focuses on utilizing deep learning models to
predict BMI from facial images. The researchers employ pre-
trained models such as VGG-Face, Inception-v3, and
Xception to uncover correlations between facial features and
BML.

The approach involves using these advanced pre-
trained deep learning models to analyse facial features. The
models are fine-tuned to enhance their ability for prediction
BMI by learning from a large dataset of facial images and
corresponding BMI values.

This study demonstrates the effectiveness of deep
learning techniques in facial image analysis for BMI
prediction. By leveraging pre-trained models, the researchers
achieve high accuracy of the predictions, showcasing the
potential use case of Al in health assessment.

F. Estimating Human Weight from a Single Image (2024):

This paper presents a dual-branch regression framework
designed to estimate BMI from a single 2D body image. The
framework combines traditional anthropometric features with
deep learning-based feature extraction to improve the
accuracy of BMI estimation.

The dual-branch regression framework integrates two
types of features: anthropometric features derived from body
measurements and deep learning features extracted from the
image. This combination enhances the model's predictive
power, allowing for more precise BMI estimation.

The integration of anthropometric and deep learning
features offers a comprehensive approach to BMI estimation,
bridging traditional methods with modern Al techniques.
This methodology provides a robust solution for predicting
BMI from single images.

G. Investigation on Body Mass Index Prediction from Face
Images (2020):

This research delves into the feasibility of predicting
BMI using facial images. The authors employ deep learning
techniques and utilize publicly available datasets to develop
a predictive model based on facial features. The study
involves training deep learning models on large datasets of
facial images annotated with BMI information. The models
learn to identify patterns and features in the facial images that
correlate with BMI. This investigation underscores the
potential of facial image analysis in BMI prediction. By
leveraging deep learning and publicly available data, the
research provides insights for the effectiveness of facial
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1. PROPOSED METHODOLOGY

e | oading the Dataset: This step involves importing data
from various files, databases, or APIs into a programming
environment (e.g., Python, R) or a machine learning
application. The dataset comprises facial images and
corresponding BMI values necessary for training and
testing the prediction model. Properly loading the dataset
ensures that all the relevant data is available for analysis
and processing, forming the foundation for subsequent
steps.

o Face Detection: This task identifies and locates human
faces within images or video streams. Algorithms like
SVM, or other deep learning-based methods are often
used for face detection. Accurate face detection is crucial
for ensuring that the faces are correctly identified and
isolated from the background, which is the first step in
further facial analysis.

e AAM Fitting / Landmark Detection: Active
Appearance Model (AAM) fitting involves detecting key
facial landmarks, such as the corners of the eyes, the tip
of the nose, and the edges of the lips. This process
typically uses algorithms like Dlib’s facial landmark
detector or methods based on convolutional neural
networks (CNNs).

Detecting these landmarks accurately is essential for
capturing the unique features of each face, which are used
in subsequent analysis steps.

e Shape Alignment: Shape alignment is the process that
refers to the aligning facial landmarks from several
different images to match as closely as possible.
Techniques like Procrustes analysis are used to normalize
the shapes by scaling, rotating, and translating the
landmarks. Aligning shapes ensures consistency across
different images, minimizing variations due to pose, scale,
or orientation, which improves the accuracy of the facial
feature analysis.

e Feature Extraction / Calculation: This step involves
identifying and extracting relevant features from the raw
facial landmark data. These features could include
distances between specific landmarks, angles, ratios, and
other geometric properties of the face. Extracted features
serve as the input for machine learning models. They
capture the essential characteristics of the face that are
predictive of BMI.

e Feature Standardization: Feature standardization
transforms features to a common scale, typically by
subtraction of the mean and dividing by the standard
deviation of each feature. This ensures that each feature
contributes equally to the model and avoids bias towards
features with larger values. Standardizing features is
crucial for improving the performance and convergence
of machine learning algorithms, leading towards more
accurate predictions.

e Prediction: This involves using a trained machine
learning model to make informed guesses or forecasts
about unknown data based on patterns learned from the
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training datasets. The model uses the extracted and
standardized facial features to predict BMI.

The prediction step is the last or final step of the entire
process, providing an estimate of BMI based on facial
features. Accurate predictions can help in monitoring and
managing health for physically challenged individuals.

FACE RECOGNITION COMPONENT

/ Upload Image /

Capture Image

Save Face Point

Is Face Is Front
Tracked? Face

Get Facial Point

Fig 1: Face Recognition Flow Chart

The process for the face tracking and recognition system
begins with either uploading an existing image or capturing a
new one using a camera. The system then checks if the face
in the image is already being tracked, meaning it has been
identified and is being continuously monitored within the
video feed or image sequence. This step is crucial to ensure
the same face is consistently recognized throughout the
process. If the face is already being tracked, the system moves
to the step of getting facial points. If not, the system checks
whether the face is facing the camera directly, which is
important because facial recognition algorithms typically
perform best when the face is not angled or obscured. If the
face is a front face, the system proceeds to save the facial
points. If the face is not front face, the system prompts the
user to provide some different image where the face is facing
forward.

In the further steps, the system identifies and extracts
key landmarks from the tracked face, including points such
as the mouth, eyes, nose, and the outline of the face. These
landmarks are critical for accurately recognizing and
verifying the face. Using sophisticated algorithms, the system
analyzes the facial features and marks these key points. This
data is then taken and used compare and identify the face in
subsequent steps. After extracting the facial points, the
system saves this data for further processing, storing the
coordinates of the facial landmarks that can be used in a
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structured format for recognition tasks. These saved facial
points act as a reference for identifying the same face in future
frames or images, ensuring the system has a consistent and
accurate map of the facial features for each individual. By
following these steps, the system ensures that it accurately
tracks and recognizes faces.

BiVII PREDICTOR

B

Get saved face
points

Normalization

Extract Face
Features

Training /
testing

_/

Fig 2: BMI Predictor Flowchart

The process begins with retrieving saved facial
landmark points from images or datasets, which serve as the
foundation for next analysis. The normalization of these
points ensure consistency across different images, which
involves aligning and scaling the data to a common reference
frame. Following this, relevant features from the face are
extracted from the normalized points. These features might
include various distances and ratios between facial landmarks
that are predictive of BMI. Finally, the extracted data is used
for testing and training a predictive model using machine
learning algorithms. This model is built and validated to
ensure it can accurately estimate BMI on the basis of the
facial features provided.

» Working of the Model:

The development of the BMI prediction model begins
with training the system using a dataset. The first step
involves importing a bunch of images from a designated
folder. These images are subjected to a classification process
where the system analyzes each image to determine if it
contains a human face. This classification utilizes advanced
facial detection algorithms, ensuring that only images with
identifiable faces are selected for further processing. These
selected images are then compiled into a new array, which
serves as the foundation for creating predictive models. Once
the array is constructed, the system proceeds to develop two
distinct predictive models: one for height and another for
weight. Each model is trained independently using the array
of facial images, alongside corresponding height and weight
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data from the dataset. The height model focuses on predicting
an individual’s height based on facial features, while the
weight model predicts the individual's weight using similar
facial analysis techniques. Both models employ machine
learning (ML) algorithms to identify patterns and correlations
between facial features and the respective physical attributes.

After the independent models are trained and validated,
they are integrated into a comprehensive BMI prediction
model. The integration involves combining the outputs of
the height and weight models to calculate the BMI. In the user
interface (UIl), the system provides a seamless and user-
friendly experience. Users can either upload an existing
image or capture a live image using a camera. The Ul is
designed to be intuitive, ensuring that users can easily
navigate and operate the system. Upon receiving the image,
the system performs face detection and extracts relevant
facial features. These features are then input into the
integrated BMI prediction model, which processes the data
and provides an estimated BMI.

The user can instantly view their predicted BMI on the
interface, facilitating easy and accessible health monitoring.
This non-invasive approach is particularly advantageous for
physically challenged individuals, offering a convenient and
efficient methods for tracking health metrics without the need
for traditional, and often cumbersome, measurement
techniques.

V. RESULT AND DISCUSSION

The primary objective was to develop a model that can
accurately predicts Body Mass Index (BMI) using facial
features for physically challenged individuals. The dataset
comprised facial images and corresponding BMI values. The
model’s training and testing were done using advanced
machine learning techniques and achieved remarkable
accuracy in its predictions.

ﬁ!ﬁ Body Mass Index from Face Images x

N \//AFA\ &

Helght 1 67 m (168 cm))j.
Weight: 62.11 kg
BMI: 22.22 kg/m2

Y / [/

IBrowse the Image I ! Capture Using Webcam ' | I

Fig 3: BMI of an Uploaded Image
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e Model Performance: The predictive model’s evaluation,
and the results demonstrated an impressive final accuracy
of 94.8%, which is nearly close to our target accuracy of
95%. The precision and recall metrics also indicated high
levels of performance, with precision at 93.5% and recall
at 94.2%. These metrics signify the model's robustness
and reliability in accurately predicting BMI from facial
features.

o Error Analysis: A detailed error analysis was conducted
to know about the underperformed areas of the model.
The prediction errors were minimal in cases during
observation with clear and high-resolution images.
However, there were slight deviations in BMI
predictions for images with varying lighting conditions or
occlusions. Despite these minor discrepancies, the model
consistently provided accurate predictions within an
acceptable range of error.

e Comparison with Traditional Methods: The results were
compared with traditional methods of BMI estimation,
such as self-reported height and weight measurements.
The model outperformed these traditional methods,
highlighting the potential of using facial features as a non-
invasive and efficient alternative for BMI prediction.

'm Body Mass Index from Face Images X
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Fig 4: BMI of a Live Photo

e Case Studies: Several case studies were conducted to
validate the practical applicability of the model.

For instance, in one case, the model accurately predicted
the BMI of a subject with a physical disability who had
difficulty providing traditional BMI measurements.

This demonstrates the model's utility and inclusivity for
physically challenged individuals.
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e Future Work: While the current model shows promising
results, future work will focus on improving the model's
accuracy further by incorporating more diverse datasets
and enhancing the preprocessing techniques to handle
different image quality issues. Additionally, integrating
more advanced deep learning architecture could
potentially boost the performance of the model beyond the
current accuracy level.

V. CONCLUSION

This research has successfully demonstrated the
viability and potential of using facial features to predict Body
Mass Index (BMI) for physically challenged individuals. By
leveraging advanced machine learning techniques, the model
developed in this study achieved a commendable accuracy of
94.8%, nearing our target of 95%. This level of accuracy
highlights the promise of non-invasive, efficient BMI
prediction methodologies, offering a significant improvement
over traditional self- reported measurement. Some key
findings are:

e The model's high recall rates and precision indicate robust
and reliable performance, effectively predicting BMI by
using facial features.

e The error analysis revealed minimal prediction
deviations, primarily influenced by image quality factors
such as contrasting and occlusions.

e Comparisons with traditional BMI estimation methods
underscored the model’s superior accuracy and reliability.

o Implications: The success of this model emphasizes the
potential for innovative applications in healthcare,
particularly for physically challenged individuals who
may face difficulties with conventional BMI
measurement methods. This approach can enhance
accessibility and provide a more inclusive solution for
BMI assessment.

e Future Directions: While the current results are
promising, there remains room for further improvement.
Future research will focus on expanding the dataset
diversity and refining preprocessing techniques to address
image quality variations. Additionally, exploring more
sophisticated deep learning architectures could further
enhance prediction accuracy and robustness.

In summary, the findings of this study pave the way for
more inclusive and accessible health assessment tools,
showcasing the transformative power of integrating machine
learning with healthcare diagnostics.
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