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Abstract - As the number of health issues linked to
obesity and overeating rises, individuals are increasingly
mindful of their dietary habits to stave off conditions such
as hypertension, diabetes, and cardiovascular diseases
associated with excess weight According to data from the
World Health Organization (WHO), a staggering 2.8
million people succumb annually to complications related
to being overweight or obese. A pivotal aspect of any
effective dietary regimen is monitoring calorie intake.
Therefore, we propose a novel deep learning methodology
for estimating the caloric content of food items depicted in
user-captured images. Our approach employs a layered
framework encompassing Image Acquisition, Food Item
Classification, Surface Area Detection, and Calorie
Prediction.
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1.INTRODUCTION

In the modern era, where technology intertwines
seamlessly with daily life, there is a growing interest in
leveraging artificial intelligence (Al) to address health and
nutrition challenges. One such area that has gained
significant attention is food image recognition coupled
with calorie prediction. This project delves into the
innovative realm of utilizing advanced computer vision
techniques to recognize and analyze food items from
images, subsequently predicting their caloric content. The
significance of this project lies in its potential to
revolutionize the way individuals manage their dietary
habits and make informed choices about their nutrition.
With the increasing prevalence of smartphones and the
pervasive use of social media, people frequently capture
and share images of their meals. However, manually
tracking nutritional information remains a cumbersome
task. By harnessing the power of Al, we aim to streamline
this process and empower individuals to effortlessly
obtain accurate and timely information about the caloric
content of their meals. The primary objectives of this
project include developing a robust food image
recognition system capable of identifying various food
items from images captured in diverse real-world
scenarios. Additionally, the project aims to implement a
calorie prediction model that leverages machine learning
algorithms to estimate the nutritional content of the

recognized food items. This dual approach not only
addresses the challenge of food identification but also
provides valuable insights into the potential impact on an
individual's overall dietary intake. The project's
methodology involves the use of convolutional neural
networks (CNNs) for food image recognition, training the
model on a comprehensive dataset that encompasses a
wide variety of cuisines and presentation styles.
Subsequently, a calorie prediction model will be
implemented, utilizing regression algorithms trained on a
dataset containing nutritional information for a diverse
range of food items. The integration of these two
components will create a holistic system capable of
automating the process of calorie estimation from food
images.

This project is anticipated to contribute to the emerging
field of health-tech by providing a practical solution to the
challenges associated with dietary monitoring. The
outcomes of this research could have a substantial impact
on promoting healthier eating habits, aiding individuals in
achieving their fitness and wellness goals. As we embark
on this exploration at the intersection of artificial
intelligence and nutrition, we aim to pave the way for a
more technologically empowered and health conscious
society

2. LITERATURE SURVEY

In the paper [1] “Image-based Thai Food recognition and
calorie estimation using Machine Learning” by Rattikorn
Sombutkaew , Orachat Chitsobhuk. This paper contributes
to the existing body of literature by introducing a novel
calorie estimation system embedded within an Android
mobile application. The proposed system utilizes a fusion
of techniques, employing a mobile camera to capture food
images and leveraging the depth information from the AR
Core library. The segmentation of the food area is
accomplished through the implementation of a fine-tuned
Mask R-CNN, trained on a specific Thai food image dataset.
Furthermore, the study incorporates various machine
learning methodologies, including Linear Regression,
Support Vector Regression, K-Nearest Neighbor, and Deep
Neural Network, to estimate the quantity of food calories
within each captured image. Notably, the Deep Neural
Network emerges as the most promising model, exhibiting
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superior predictive capabilities characterized by the
highest accuracy, the lowest error rate, and the highest R-
Square score among the considered methods. This finding
underscores the effectiveness of employing advanced
machine learning techniques in the realm of calorie
estimation, particularly when applied to the diverse and
nuanced domain of food recognition, as evidenced by the
specific focus on Thai cuisine in the dataset

The research paper [2]"Image Based Food Calories
Estimation Using Various Models of Machine Learning”
proposed by Haoyu Hu, Zihao Zhang and Yulin Song. This
paper aims that for the final few decades, it has been the
prevalent slant in China that individuals are putting more
consideration on making strides their soundness and
directing calorie admissions for each dinner, so that we
construct a show for calorie estimation of Chinese
nourishment. In an endeavor to specific our concerns on
this issue, and with our incredible interface, we utilized
question discovery to assess the calories tally of a few
celebrated Chinese dishes as well as that of Western
dishes. Based on the nourishment pictures and already
characterized calorie information, we built a few image-
based calorie estimation models, which we trusted can
precisely distinguish the title of the Chinese and Western
nourishments and give their calorie admissions and
formula, and at long last offer supper arrange exhortation
for distinctive bunches of individuals. To distinguish the
dish, we utilized the SSD (Single Shot MultiBox Locator)
for real-time handling of protest discovery and
classification. We too utilized a computer application
called “labeling” to physically name our dishes with their
individual unique dish names. Utilizing our models, clients
can effortlessly calculate the calorie admissions of their
wanted nourishments by taking photographs, sparing a
part of time compared to their ordinary strategies.

The research paper [3] "Comparison of Food Calorie
Measurement Using Image Processing and Machine
Learning Techniques” proposed by Boshra Alshujaa,
Fatima AlNuaimi, Wathiq Mansoor and Shadi Atalla. This
paper looks at how well different computer programs can
guess how many calories are in food by looking at pictures
of it. Additionally, we will compare the most commonly
used food picture collections and methods for counting
calories. The study looks at how well computer programs
can recognize food in pictures and what kind of pictures
work best for training them. It uses the latest research
from the past five years to suggest the best way to use
techniques and data to create a food image system that
works well. When comparing different machine learning
programs, we found out that CNN and SVM are the best for
recognizing food images. In addition, the best collections
of food pictures to use for teaching and testing ML
programs that process food images are Food-101, UEC-
Food100, and ECUSTFD. In terms of figuring out how
many calories are in food, using a mathematical model was

the best way to do it. This study shows how to make food
picture apps better by using good algorithms, data, and
strategies.

The paper titled [4] "Machine Learning based approach on
Food Recognition and Nutrition” proposed by Zhidong
Shen, Adnan Shehzad, Si Chen, Hui Sun, Ji n Liu. This paper
says that today, it's important to eat healthy food to stay
balanced and avoid getting fat. In this paper, we have
created a new system using machine learning that can sort
food pictures and guess what kind of food it is. This paper
suggests using a special kind of computer model to sort
food into different groups. This model would be a part of a
system used to train the computer to recognize different
types of food. The main goal of the new method is to make
the pre-training model more accurate. The paper
describes a basic system that uses the client server model.
The customer asks for the server to find an image and then
the server works on it. The prototype system has three
main parts: a module that uses a pre-trained model to
classify things, a module that uses text data to estimate
attributes, and a module that works on the server side. We
tried lots of different types of food and used computer
training to get better at recognizing them.

The research paper [5] The authors Simon Mezgec and
Barbara Korousic Seljak proposed a project on “Using
Deep Learning for Food and Beverage Image Recognition”.
Lately, deep learning has become the best at recognizing
food images. In this paper, we explain how our new deep
learning system, called Nutrient, and our method for
classifying fake food in images, can help the field. NutriNet
was taught using a big collection of food pictures, which
had more types of food than earlier studies. It was also the
first to identify pictures of drinks.

[6] The literature on food image recognition and calorie
prediction using deep learning approaches encompasses a
range of studies focused on developing efficient and
accurate systems for dietary assessment. Research in this
area has explored various deep learning architectures,
including convolutional neural networks (CNNs), for
recognizing food items from images captured by
smartphones or other devices. These studies highlight the
evolution of food recognition systems, from traditional
methods to modern deep learning techniques, and
emphasize the importance of high-quality datasets,
preprocessing techniques, and model evaluation metrics.
Additionally, there is a growing body of research
addressing the challenges of calorie estimation from food
images, with a focus on improving accuracy and usability
for practical applications. Overall, these literature sources
underscore the potential of deep learning-based
approaches to revolutionize dietary assessment and
promote healthier eating habits, contributing to the
mitigation of public health issues such as obesity and
related diseases.
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[7] The literature surrounding food image recognition and
calorie prediction using convolutional neural network
(CNN) approaches is rich and diverse, reflecting the
growing interest in leveraging deep learning for dietary
assessment. Several studies have demonstrated the
efficacy of CNNs in accurately identifying food items from
images captured by smartphones or other devices. These
systems typically involve preprocessing techniques such
as segmentation to isolate food regions, followed by
feature extraction and classification wusing CNN
architectures. Researchers have emphasized the
importance of high-quality datasets for training CNN to
assess performance accurately. Additionally, efforts have
been made to address challenges related to incomplete
calorie estimation, often due to limited availability of
volume and mass records in food image datasets.
Integrating support vector machines (SVM) with CNNs has
shown promise in categorizing food items into specific
categories, such as burgers or pizzas, enhancing the
granularity of calorie prediction. Motivated by the societal
impact of obesity and related health issues, these studies
underscore the potential of CNN-based systems to
facilitate dietary monitoring and promote healthier eating
habits. By providing users with real-time nutritional
information and calorie estimates, these systems aim to
empower individuals to make informed choices about
their food intake, ultimately contributing to the prevention
of obesity and associated diseases.

[8] The literature on food recognition and calorie
estimation using image processing techniques highlights
the significance of accurate dietary assessment in
addressing obesity and related health issues. Obesity,
often linked to high-calorie food consumption and
sedentary lifestyles, poses numerous health risks,
particularly in children and adolescents. To combat this,
various approaches have been proposed, emphasizing the
importance of monitoring calorie intake and making
informed dietary choices. Image-based systems offer a
promising solution by leveraging convolutional neural
networks (CNNs) for food recognition and calorie
estimation. These systems are trained on large datasets
comprising diverse food categories and utilize CNNs to
accurately identify food items from images. By associating
standard calorie values with recognized food items and
considering their weights, these systems provide rapid
and precise calorie estimates, enabling users to monitor
their nutritional intake effectively. Challenges in this
domain include accurately recognizing similar food items
and managing large datasets for training. However, the
benefits of such systems, including precise food
recognition and rapid calorie estimation, outweigh these
challenges. Future research directions may involve
converting web applications into mobile apps for
increased accessibility, expanding the range of trained
food categories, and improving the recognition of complex
food compositions. Overall, the application of CNN models

in image recognition demonstrates superior accuracy
compared to traditional machine learning models, offering
a promising avenue for addressing dietary-related health
concerns.

Table -1: COMPARISON OF LITERATURE SURVEY

NAME ADVANTAGES DIADVANTAGES
[1] image- | 1. Accurate
based Thai | Recognition: The | 1. Limited Food
Food system Scope: The system
recognition may struggle with
and calorie | accurately recognizing  non-
estimation recognizes  Thai | Thai food items,
using food items, | Jimiting its
Machine enhancing  user | yersatility.
Learning experience.
2. Calorie | 2. Dependency on
Estimation: Thai Food Dataset:
Provides accurate | Relies heavily on a
calorie estimation | specific Thai food
for Thai food, | dataset, potentially
aiding in dietary | limiting
management. generalizability.
3. Potential for
Health 3. Privacy Concerns:
Monitoring: In | Users may have
addition to | concerns about
estimating calorie | privacy and data
content, the | security, especially if
system could | the system requires
potentially be | uploading images of
expanded to | their meals to a
provide other | remote server for
nutritional analysis.  Ensuring
information, such | the protection of
as macronutrient | user  data  and
breakdowns  or | implementing
allergen detection, | robust privacy
to support users | measures is
in making | essential to mitigate
informed dietary | these concerns.
choices.
[2] Image | 1.User-Friendly 1.Accuracy
Based Food | Interface: Utilizing | Challenges:
Calories images for food | Estimating the
Estimation calorie estimation | calorie content of a
Using Various | provides a more | meal based solely on
Models of | intuitive and user- | images can  be
Machine friendly inherently
Learning experience challenging due to
compared to | variations in portion
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manual input | sizes, cooking Processing methods. as significant
methods. methods, and computational

ingredient and Machine resources for
composition. ) training and
o Machine  learning Learning 2.Automation: optimization.
2.Efficiency: models may struggle _ The integration of
Image-based to account for these Techniques. image processing
calorie estimation | f;ctors accurately, and machine
can save time for leading to potential learning  allows | 2.Accuracy
users compared to | jhaccuracies in for the | Challenges: Despite
traditional calorie estimates. automation of the | advancements in
methods that calorie image  processing
require detailed measurement and machine
manual input of process, reducing | learning, accurately
each ingredient. | 2.Limited Food the need for | estimating the
This efficiency | Recognition: Despite manual data entry | calorie content of
encourages advances in machine and human | food from images
consistent learning, the system intervention. remains a complex
tracking of dietary | may still encounter and inherently
intake, which is | difficulties in uncertain task.
crucial for | accurately o
maintaining a | recognizing and 3.Customization 3.Data Dependency:
healthy lifestyle. categorizing certain and .Adaptablll.ty: The accuracy of
foods, especial]y Machine learnlng machine learning
those with complex mo_dels can be | models relies
or ambiguous visual trained on diverse | heavily —on  the
3.Diverse  Food | characteristics. This datasets to | quality and diversity
Recognition: limitation can affect recognize a wide | of the training data.
Machine learning | {4, overall variety of foods | Insufficient or
models can be reliability of the and adapt to | biased datasets may
trained on large | .jjorie  estimation different dietary | lead to suboptimal
datasets to process. preferences and | performance and
recognize a wide cultural cuisines. | generalization
variety of foods This errors, particularly
from different customization for foods that are
cuisines and | 3.Dependency on allows the system | underrepresented
cultures. This | Data Quality: The to provide | or have complex
diversity allows | accuracy of machine accurate calorie | visual
the system to | learning models estimates for a | characteristics.
provide accurate | heavily depends on broad range of
calorie estimates | the quality and meals, catering to
for meals beyond | diversity of the the needs of
a specific cuisine, | training data. diverse user
catering to a populations.
global user base.
[4] Machine | 1.Automation: 1.Data Dependence:
Learning Machine learning | The accuracy of
[3 1.Accurate Calorie | 1.Complexity of based algorithms can | machine learning
Comparison Estimation: Implementation: approach on | automate the | models depends
Combining image | Developing an Food process of food | heavily —on the
of Food processing  and | effective system for Recognition recognition and | quality and quantity
) machine learning | food calorie and Nutrition | nutrition analysis, | of the training data.
Calorie techniques  can | measurement using proposed. reducing the need | Insufficient or
lead to more | image  processing for manual data | biased datasets may
Measurement . .
accurate calorie | and machine entry and human | lead to poor
Using Image estimation learning techniques intervention. This | performance  and
compared to | requires expertise in automation saves | inaccurate nutrition
traditional both fields, as well time and | analysis, particularly
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resources, making | for foods that are Recognition. including food | especially for fine-
it more efficient | underrepresented and beverage | grained food
for individuals | or have complex recognition. They | categories or niche
and organizations | visual can learn complex | cuisines.
to track their | characteristics. patterns and
dietary intake. features from

images, leading to | Computational
2.Accuracy: 5 Overfitti highly  accurate | Resources: Training
Machine learning | 4 VVertitung: recognition deep learning
models can be | Machine  learning results. models for food and
trained on large | Models may become beverage
datasets Of OVerly Specialized to recognition often
labeled food | the training data, 2.Versatility: Deep | requires significant
images, allowing leadir-lg. to learning models | computational
them to | overfitting and poor can be trained to | resources, including
accurately generalization  to recognize a wide | powerful GPUs or
recognize and | New, unseen foods. variety of food | TPUs and large-scale
classify a wide Regularization and beverage | distributed
variety of foods. techniques and items, including | computing
This accuracy | careful  validation different cuisines, | infrastructure. This
i to dishes and | can pose challenges
improves the | ar¢ necessary ishes, p g
reliability of | mitigate the risk of packaging for individuals or
nutrition analysis overfitting and variations.  This | organizations with
compared to | ensure the versatility limited access to
manﬁal methOdS, robustness of the such resources.
which may be | model _
prone to human 3.Aut0mat10n:' o
error. Once traln.ed, Overflttlng: Deep
. deep learning | learning models are
z.lntelrpretablllt};;. models can | prone to overfitting,
ompléex — machine automate the | where they
3.Real-Time learning models process of food | memorize training
Analysis: Machine | Such askdeep neurbal and beverage | data rather than
learning networks can be recognition, learning
algorithms  can gggcmt E?lér;‘;grrlzt reducing the need | generalizable
provide real-time . Y for manual | patterns.
feedback on the n}llal;llng. It labeling or data | Regularization
nutritional challenging to entry. This | techniques, data
content of foods, Exil_al(r; the ratlorrllal-e automation saves | augmentation, and
enabling users to | P€MN Ry time and | careful model
make immediate | Predictions. resources, making | selection are
and informed it more efficient | necessary to
decisions  about for businesses and | mitigate overfitting
their dietary individuals to | and ensure robust
choices. analyze and | performance on
manage their | unseen data.
[5] Using 1.High Accuracy: | Data Requirements: food-related data.
Deep learning | Deep learning
Deep models, models require large [6] Food -1. High Accuracy: | 1.Limited Accuracy:
) particularly amounts of labeled CNNs are well- | While CNNs are
Learning for convolutional training data to Lmage it suited for image | effective at
Food and neural networks | achieve high e;ogné:ui)n. recognition tasks | recognizing food
codan (CNNs), have | accuracy. Collecting ?’n dicti aloTI€ | que to their ability | items from images,
B shown and labeling such rediction to capture spatial | accurately
everage remarkable datasets can be Using ~ CNN hierarchies of | predicting the
Image accuracy in image | time-consuming and Approach features in | calorie content of
recognition tasks, | labor-intensive, images. They have | those items is more

© 2024, IRJET

| ImpactFactor value: 8.226

IS0 9001:2008 Certified Journal |

Page 1859




’// International Research Journal of Engineering and Technology (IRJET)

JET Volume: 11 Issue: 04 | Apr 2024

www.irjet.net

e-ISSN: 2395-0056
p-ISSN: 2395-0072

demonstrated
high accuracy in
recognizing food
items from
images, which is
essential for
accurate calorie
prediction.

2.Automated
Calorie
Estimation: By
combining image
recognition with
calorie prediction

models, the
system can
automate the
process of
estimating the

calorie content of
food items from
images.

3.User-Friendly
Interface:  Food
image recognition
and calorie
prediction using
CNNs provide a
user-friendly
interface for
tracking dietary
intake. Users
simply need to
take a photo of
their meal, and
the system will
automatically
estimate the
calorie  content,
making it
convenient  and
accessible for a
wide range of
individuals.

challenging. Factors
such as portion size,
cooking methods,
and ingredient
variations can affect
the accuracy of
calorie prediction,
leading to potential
inaccuracies in the
system's estimates.

2.Data Dependency:
The accuracy of CNN
models depends
heavily on the
quality and diversity
of the training data.
Insufficient or
biased datasets may
lead to poor
performance  and
generalization
errors, particularly
for foods that are
underrepresented
or have complex
visual
characteristics.

3.Interpretability:

CNN models are
often considered
"black-box" models,
meaning their
internal  workings
are  difficult to
interpret or explain.

[7] Food
Recognition
and Calorie
Estimation
Using Image
Processing

1.Accuracy: Image

processing
techniques can
accurately
identify and
segment food
items within

1.Complexity:

Developing an
effective image
processing  system
for food recognition
and calorie

estimation requires

images, enabling
precise calorie
estimation based
on portion sizes
and ingredient
composition. This
accuracy is crucial
for providing
reliable
nutritional
information to
users.

2.Automation:

Once trained,
image processing
algorithms can
automate the
process of food
recognition and
calorie estimation,
reducing the need
for manual data
entry and human
intervention. This
automation saves
time and
resources, making
it more efficient
for individuals
and organizations
to track their
dietary intake.

3.Real-Time
Analysis:
processing
algorithms can
provide real-time
feedback on the
nutritional
content of foods,
allowing users to
make immediate

Image

and informed
decisions  about
their dietary

choices. This real-
time analysis is
particularly useful
for individuals
managing specific
health conditions
or dietary

expertise in
computer vision and
machine learning, as
well as significant

computational

resources for
training and
optimization.  The
complexity of

implementation may
pose challenges for

individuals or
organizations
without specialized
knowledge or
resources.
2.Accuracy
Challenges: Image
processing
algorithms may
struggle to

accurately recognize
and segment food
items in images with
complex
backgrounds,
occlusions, or
lighting conditions.
Variations in portion
sizes and ingredient
composition can
also  affect  the
accuracy of calorie
estimation, leading
to potential
inaccuracies in the
system's
predictions.

3.Dependency  on
Data Quality: The
accuracy of image
processing
algorithms depends
heavily on  the
quality and diversity
of the training data.
Insufficient or
biased datasets may
lead to poor
performance  and
generalization
errors, particularly
for foods that are
underrepresented
or have complex
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restrictions.

visual
characteristics.

[8] Food
Recognition
and Calorie
Estimation
Using  Deep
Learning

1.1High Accuracy:
Deep learning
models,
particularly
Convolutional
Neural Networks
(CNNs), have
demonstrated
high accuracy in
image recognition
tasks, including
food recognition.
They can learn
complex patterns
and features from
images, leading to
highly  accurate
recognition
results, which is
crucial for
accurate calorie
estimation.

2.Automation:

Once trained,
deep learning
models can
automate the
process of food

recognition and
calorie estimation,
reducing the need
for manual data
entry and human
intervention. This
automation saves
time and
resources, making
it more efficient
for individuals
and organizations
to track their
dietary intake.

3.Scalability: Deep
learning models
can scale to

handle large
datasets and high
volumes of

images, making

.Data Requirements:
Deep learning
models require large
amounts of labeled
training data to
achieve high
accuracy. Collecting
and labeling such
datasets can be
time-consuming and
labor-intensive,
especially for fine-
grained food
categories or niche
cuisines.

2.Computational
Resources: Training

deep learning
models for food
recognition and
calorie estimation
often requires
significant
computational

resources, including
powerful GPUs or
TPUs and large-scale
distributed
computing
infrastructure. This
can pose challenges
for individuals or
organizations with
limited access to
such resources.

3.Interpretability:

Deep learning
models are often
considered "black-
box" models,
meaning their
internal  workings
are difficult to
interpret or explain.
This lack of
interpretability can
be a disadvantage in
critical applications
where transparency

them suitable for | and accountability
applications with | are essential, such
a vast amount of | as healthcare or
food images, such | food safety.

as dietary
tracking apps,
recipe databases,
and food
inventory
management
systems.

3. FUTURE SCOPE

The future of Al-powered food recognition holds exciting
possibilities, including enhanced nutrient analysis,
allergen detection, and seamless integration with kitchen
appliances. These advancements are poised to
revolutionize the way individuals approach nutrition and
dietary management.

4. CONCLUSIONS

Al-powered food recognition and calorie measurement
are reshaping diet planning, offering personalized nutrition
solutions that empower individuals to make informed
dietary choices. As technology continues to evolve, the
potential for improving health and wellness through Al-
driven nutrition is limitless.
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