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Abstract:

In the pursuit of enhancing dietary tracking, this
proposal outlines a methodical approach to develop
an image-based food recognition system utilizing
Convolutional Neural Networks (CNNs). The core
objective is to facilitate precise calorie counting
through automated identification of food items from
images. Our methodology involves curating a
comprehensive  dataset of food images,
representative of various cuisines and meal
compositions. This dataset will train a CNN model,
which is meticulously architected to discern subtle
textural and shape differences among food items.
We will employ data augmentation techniques to
expand the dataset’s diversity, ensuring robustness
against overfitting and improving the model’s
generalization capabilities.

The proposed CNN model will be evaluated through
rigorous validation processes, employing cross-
validation techniques to assess its performance
across unseen data. We aim to integrate the model
within a mobile application, providing real-time
feedback on calorie intake. Additionally, we plan to
explore transfer learning strategies to adapt the
model to new food categories efficiently. By
leveraging state-of-the-art machine learning
frameworks and cloud computing resources, we
anticipate a scalable solution that can be deployed
across different platforms. The outcome of this
research is expected to contribute significantly to

personal health management and offer valuable

insights for nutritional science and public health

initiatives.

1-INTRODUCTION

Food plays a pivotal role in shaping human health
and wellbeing, with the escalating concerns
surrounding obesity and related health issues
necessitating innovative approaches to dietary
monitoring. This thorough analysis, which focuses
on the revolutionary possibilities offered by deep
learning techniques, compiles findings from several
publications on food image identification,
classification, and calorie calculation. The
convergence of convolutional neural networks
(CNNs) and machine learning emerges as a key
theme, offering promising solutions to the
complexities of estimating food calories.

The modern era is marked by a significant global
shift in lifestyle, characterized by sedentary habits
and an increasing reliance on processed foods. This
change has resulted in a rise in awareness of the
rising prevalence of obesity and associated health
problems, calling for creative methods of food
control and monitoring. Utilizing deep learning
techniques for food image  recognition,
categorization, and calorie calculation is a field that
has experienced amazing developments recently.
With an emphasis on the convergence of machine
learning and convolutional neural networks (CNNSs),
this thorough review seeks to explore the
revolutionary effects of deep learning in tackling the

challenges of food calorie estimation. Beyond its
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basic function as a source of nutrition, food plays an
important role in the health and wellbeing of
humans.

The choices that individuals make regarding their
food have a significant impact on their general
health, and the escalating concerns surrounding
obesity have prompted a revaluation of traditional
approaches to dietary monitoring. As a result,
researchers and practitioners have turned to cutting-
edge technologies, with deep learning at the
forefront, to  completely  transform  our
understanding, classify, and estimate the caloric
content of food. Recognizing the shortcomings of
conventional techniques, particularly with regard to
food classification, represents the initial step toward
moving into deep learning, which is used for food
calorie calculation.

Early attempts to classify fruits with conventional
machine learning methods frequently did not meet
the required degree of accuracy. This led scholars to
explore image-based approaches, and the review
progresses to highlight the efficiency and accuracy
offered by CNNs in overcoming these challenges.
The exploration of fruit classification serves as a
stepping stone, paving the way for broader
applications in dietary monitoring. Realizing the
urgency of automating food instance segmentation
and calorie estimation, researchers have turned to
real-time vision-based methods. These methods, as
discussed in various papers, emphasize the
importance of timely and accurate assessments of
food items, laying the foundation for effective

dietary guidance and health management.

2-LITERATURE SURVEY
Title: "Automatic Food Image Classification and
Quantity Estimation Using Deep Learning"
Authors: Min W., Jiang S., Rui Y., Jain R.
Published Year: 2019
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Abstract: This paper presents a comprehensive
system for automatic food image classification and
quantity estimation using deep learning techniques.
By employing convolutional neural networks
(CNNs), the system can accurately identify different
food items and estimate their quantities from
images. The proposed method leverages a large-
scale food dataset to train the model, achieving high
accuracy in real-world scenarios. This work
demonstrates the feasibility and effectiveness of
deep learning for food recognition and portion size
estimation, which are crucial for dietary assessment
and calorie counting.

Title: "Food Recognition Using Convolutional
Neural Networks"

Authors: Martinel N., Foresti G. L., Micheloni C.
Published Year: 2018

Abstract: In this paper, we propose a food
recognition system that utilizes convolutional neural
networks (CNNs) to identify various food items
from images. The system is trained on a large dataset
of food images, achieving state-of-the-art accuracy
in recognizing different types of foods. The
proposed approach demonstrates the potential of
CNNs for accurate and efficient food recognition,
which can be applied to dietary monitoring and
calorie estimation applications.

Title: "Deep Learning for Food Calorie Estimation
Using Recipe Information”

Authors: Meyers A., Johnston N., Rathod V.,
Korattikara A., Gorban A., Silberman N,
Guadarrama S., Papandreou G., Huang J., Murphy
K.

Published Year: 2020

Abstract: This research introduces a deep learning-
based system for estimating food calories using
recipe information. By combining image
recognition with nutritional data from recipes, the
system can accurately estimate the caloric content of

various  dishes. The approach leverages
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convolutional neural networks (CNNs) for food
identification and integrates recipe databases to
provide precise calorie estimates. The results
indicate that incorporating recipe information
significantly enhances the accuracy of calorie
estimation compared to image-based methods alone.
Title: "Food Image Recognition with Deep
Convolutional Features"

Authors: Kawano Y., Yanai K.

Published Year: 2015

Abstract: This paper explores the use of deep
convolutional features for food image recognition.
By utilizing pre-trained convolutional neural
networks (CNNs), the proposed system achieves
high accuracy in identifying various food items from
images. The study highlights the effectiveness of
transfer learning in food recognition tasks,
demonstrating that deep convolutional features can
significantly improve classification performance.
The findings suggest that deep learning techniques
hold great promise for applications in dietary
monitoring and calorie estimation.

Title: "Food-101 - Mining Discriminative
Components with Random Forests"

Authors: Bossard L., Guillaumin M., Van Gool L.
Published Year: 2014

Abstract: The Food-101 dataset comprises 101,000
images of food dishes, categorized into 101 classes.
This paper presents a novel approach to mining
discriminative components using random forests for
food classification. The method identifies key
features within food images that are crucial for
accurate classification. By leveraging this dataset,
the study demonstrates the effectiveness of random
forests in handling large-scale food recognition
tasks, providing a valuable resource for future
research in food image analysis and calorie
estimation.

The system captures food images from multiple

angles, enhancing recognition performance. The
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proposed method combines features from different
views using a multi-kernel SVM, achieving robust
and precise food classification.

The implications of these studies extend beyond
food image recognition, contributing to
advancements in computer vision, machine
learning, and healthcare. Future research can build
upon these findings to develop more sophisticated
food analysis systems, integrating additional
modalities such as text, audio, and sensor data.
This approach demonstrates the potential of multi-
view image analysis for improving the accuracy of
food recognition and calorie estimation,
contributing to more reliable dietary assessment

tools.

3-SOFTWARE REQUIREMENTS
In this chapter we will discuss and software
requirements for Image based food recognition for
calorie counting with convolutional neural
networks.
python
is an object-oriented, high level language,
interpreted, dynamic and multipurpose
programming language.
e Python is easy to learn yet powerful and versatile
scripting language which makes it attractive for
application development.
e Python's syntax and dynamic typing with its
interpreted nature, make it an ideal language for
scripting and rapid application development in many
areas.
e Python supports multiple programming pattern,
including object oriented programming, imperative
and functional programming or procedural styles.
o Python is not intended to work on special area such
as web programming. That is why it is known as
multipurpose because it can be used with web,

enterprise, 3d cad etc.
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o We don't need to use data types to declare variable
because it is dynamically typed so we can write a=10
to declare an integer value in a variable.
o Python makes the development and debugging fast
because there is no compilation step included in
python development and edit-test-debug cycle is
very fast.
e Python automates CI/CD pipelines.

Python features
o Easy to use: Python is easy to very easy to use and
high level language. Thus it is programmer-friendly
language.
e Expressive language: Python language is more
expressive. The sense of expressive is the code is
easily understandable.
o Interpreted language: Python is an interpreted
language i.e. interpreter executes the code line by
line at a time.

This makes debugging easy and thus suitable for
beginners.
o Cross-platform language: Python can run equally
on different platforms such as windows, linux, unix
, mac etc. Thus, python is a portable language.
e Free and open source: Python language is freely
available (www.python.org).the source-code is also

available. Therefore it is open source.

4- Image Based Food Recognition for Calorie
Counting With
Convolutional Neural Networks
In this chapter we will discuss about
Existing/Proposed System, block diagram and
Implementation for Image based food recognition
for calorie counting with convolutional neural

networks.
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Existing System

"Existing method" refers to a technique or approach
that is already in use or has been previously
established in a particular field or context. It implies
that the method has been developed, tested, and
implemented before, as opposed to being a new or
innovative approach. The term is often used in
research, engineering, and other technical fields to
differentiate between current practices and proposed
new methods or improvements.

Some of the systems include,

¢ Existing systems for calorie counting primarily
rely on manual data entry.

e The United States Department of Agriculture
(USDA) National Nutrient Database is a
comprehensive resource that provides detailed
nutritional information for many foods.But it is
belongs to manual entry data so it leads to prone
errors.

e Keeping a food journal or planning and pre-
portioning meals are alternative methods for
manually tracking calorie intake.

Proposed System

e This system tackles this challenge with image
recognition powered by Convolutional Neural
Networks (CNNs).

o Users capture a picture of their meal using a mobile
app. The image is then fed into a CNN model trained
on a large dataset of food images with corresponding
calorie information.

e The CNN analyzes the image, recognizes the
different food items, and estimates the calorie

content for each.
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Fig 3.1:Block Diagram Of CNN Model

5- ADVANTAGES, DISADVANTAGES
AND APPLICATIONS
1) Advantages
Real-time Accuracy
Convolutional neural networks (CNNs) have
demonstrated remarkable accuracy in
identifying and classifying food items from
images. They can process images in real-
time, providing users with immediate
feedback on the calorie content of their meals.
This real-time capability is crucial for
effective calorie tracking and dietary
management.
Convenience and User-Friendliness
Image-based food recognition eliminates the
need for manual data entry, making it a
convenient and user-friendly approach to
calorie counting. Users simply need to take a
photo of their meal and upload it to an app or

website.  The  system  automatically

recognizes and classifies the food items,
providing accurate calorie estimates.
Objectivity and Consistency

Compared to traditional methods of calorie
estimation, which rely on human judgment
and memory, image-based food recognition
offers a more objective and consistent
approach. CNNs can accurately identify and
quantify food items, reducing the risk of
human error and ensuring reliable results.

2) Disadvantages

Limitations in Handling Complex Scenes
While CNNs have made significant strides in
food recognition, they may still face
challenges in handling complex scenes with
multiple food items, overlapping objects, or
unusual lighting conditions.

These factors can reduce the accuracy of the
system and lead to incorrect calorie estimates.
Dependence on Data Quality
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The performance of CNNs is heavily
dependent on the quality and diversity of the
training data. If the training data is biased or
does not represent a wide range of food items
and variations, the system may struggle to
accurately recognize and classify certain
foods.

3) Applications
Health and Fitness
Image-based  food  recognition  with
convolutional neural networks (CNNs) has
found a wide range of applications in the field
of health and fitness. One of the most
prominent applications is calorie tracking.
By accurately estimating the calorie content
of meals, individuals can effectively manage
their weight and maintain a healthy diet.
Additionally, CNNs can be used for dietary
analysis, tracking nutrient intake and
identifying  nutritional  deficiencies or
excesses. This information can be used to
create personalized meal plans tailored to
individual needs and preferences.

Food Industry

The food industry has also embraced image-
based food recognition for various purposes.
Quality control is a critical aspect of food
production, and CNNs can be used to inspect
food products for defects, contamination, or
inconsistencies in  appearance. Portion
control is another important application,
ensuring accurate portion sizes to prevent
food waste and maintain consistency in

product offerings.
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Furthermore, CNNs can be wused for

inventory  management,  automatically
tracking food inventory levels and expiration
dates.

Food Research

Image-based food recognition has also made
significant contributions to food research.
CNNs can be used for food zcomposition
analysis, determining the nutritional content
of various food items.
This  information is  valuable  for
understanding the nutritional value of
different foods and developing healthier
products. Additionally, CNNs can be used for
food safety monitoring, identifying potential
foodborne hazards and contaminants.

This helps ensure the safety and quality of
food products. Finally, CNNs can be used for
new product development, analyzing
consumer preferences and market trends to
create innovative food products that meet

consumer demands.

6- RESULTS
Importing packages and loading data
The code imports necessary libraries for data
analysis, machine learning, and image
processing. It defines a list of class names and
their corresponding labels, likely for a

classification task.
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Import Packages

In [1]: dimport numpy as np
import os
#from sklearn.metrics import confusion_matrix
#import seaborn as sn; sn.set(font_scale=1.4)
#from sklearn.utils import shuffle
import matplotlib.pyplot as plt
import cv2
import tensorflow as tf
from tqdm import tqdm
import warnings
warnings.filterwarnings('ignore"')

In [2]: class_names = ['apple’, 'banana’, 'beetroot’, 'biryani’, 'burger’, 'carrot
'‘orange’, 'pineapple’, 'pomegranate’, 'potato’, 'raddist

Fig 5.1:Importing Packages From Python Libraries

The code snippet defines a function load_data to load images and labels from specified directories for a

classification task.

Fig 5.2:Loading The Data From Input Dataset Of Images
Visualizing the data
The code defines a function display_random_image to visualize a random image from a dataset along with its

corresponding label. It then calls this function to display a random image from the training set.

pyter main1 Last Checkpoint: 25 minutes ago (autosaved) P Logout
Edit View Insert Cell Kernel Widgets Help Trusted Python 3 (ipykerel) O
% @ B o ¥ PRin B C W cCode v @

Visualize the data

We can display a random image from the training set.

In [9]: def display_random_image(class_names, images, labels):

Display a random image from the images array and its correspond label from the labels array

index = np.random.randint(images.shape[@])

plt.figure()

plt.imshow(images[index])

plt.xticks([])

plt.yticks([])

plt.grid(False)

plt.title('Image #{} : '.format(index) + class_names[labels[index]])
plt.show()

n [10]: display_random_image(class_names, train_images, train_labels)

Fig 5.3: Visualize the Data That Is Being Loaded Using Above Code Shippet

Training and testing data
Training data is used to teach a machine learning model how to identify patterns and make predictions. Testing

data is used to evaluate how well the trained model performs on new, unseen data.
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v [7]: dimport pandas as pd

_» train_counts = np.unique(train_labels, return_counts=True)
_, test_counts = np.unique(test_labels, return_counts=True)
pd.DataFrame({ 'train’': train_counts,
‘test': test_counts},
index=class_names
) .plot.bar()
plt.show()

350 = train
300 s test
250 "
Fig: 5.4:Splitting Data Into Training And Testing Data
CNN model

CNNs use convolutional layers to extract features from images, followed by pooling layers to reduce the
dimensionality of the feature maps. The extracted features are then fed into fully connected layers for classification
or regression tasks. CNNs have been highly successful in various applications, including image recognition, object
detection, and natural language processing.

CNN

In [13]: model = tf.keras.Sequential([
tf.keras.layers.Conv2D(32, (3, 3)
tf.keras.layers.MaxPooling20(2,2),
tf.keras.layers.Conv2D(32, (3, 3), activation = 'relu’),
tf.keras. layers.MaxPooling2D(2,2),
tf.keras.layers.Flatten(),
tf.keras.layers.Dense(128, activation=tf.nn.relu),
tf.keras.layers.Dense(24, activation=tf.nn.softmax)

1)

, activation = 'relu’, input_shape = (150, 150, 3)),

In [14]: model.compile(optimizer = 'adam', loss = 'sparse_categorical crossentropy', metrics=['accuracy'])

In [15]: history = model.fit(train_images, train_labels, batch_size=128, epochs=30, validation_split = 0.2)

Epoch 1/30 b

17/17 ———————— 26s 1s/step - accuracy: 0.1366 - loss: 3.1359 - val_accuracy: 0.2669 - val_loss: 2.2518
Epoch 2/30

17/17 ————————— 34s 893nms/step - accuracy: 0.3140 - loss: 2.1303 - val_accuracy: 0.4060 - val_loss: 1.9135
Epoch 3/30

17/17 ————————— 120s 875ms/step - accuracy: 0.4727 - loss: 1.7172 - val_accuracy: 0.5019 - val_loss: 1.6760
Epoch 4/30

17/17 = 15s 870ns/step - accuracy: 0.6127 - loss: 1.2968 - val_accuracy: 0.5470 - val_loss: 1.4889
Epoch 5/30

A 215 88Anc/sten - accuracy- 0 7080 . Joss: 0 9860 - val accuracy- 0 5056 - val Joss: 1 6029

Fig 5.5:Implementation Of CNN Algorithm
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# Load and preprocess the image
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test_image_path = r"C:\Users\srava\Music\food quality\test\corn\Inage_6.jpg"

test_image = image.load_img(test_image path, target_size=(150, 150))

test_image = image.img_to_array(test_image)
test_image = np.expand_dims(test_image, axis=0)

# Predict the class of the image (replace 'model' with your actual model)

predictions = model.predict(test_image)
pred_labels = np.argmax(predictions, axis=1)

# Define class names, suggestions, and calorie information

class_names = ['apple', 'banana', 'beetroot', 'biryani', 'burger', 'carrot', 'chai', 'chapati', 'corn', 'cucumber', 'fried _rice',
‘grapes’, 'idli', 'jaleti', 'mango’, 'masala_dosa', 'orange', ‘pineapple’, 'pomegranate’, 'potato’, '‘raddish’', 'se

suggestions = {

‘apple': 'Apples are high in fiber, vitamin C, and various antioxidants.',

'banana’: 'Bananas are rich in soluble and insoluble fibers that play an essential role in digestive health.',
"beetroot': ‘Beetroot and its juice help your heart and lungs work better during exercise.',

'biryani': 'Biryani provides energy, aids digestion, and boosts immunity.',

'burger': 'Burgers can vary widely in calories depending on ingredients.'

Fig:5.6 Applying Input Image To Trained Model

The provided Python code snippet loads and
preprocesses an image, then predicts its class using
a trained model. The predicted class is used to
retrieve corresponding information about the food
item, such as its nutritional benefits or calorie count.
The code assumes that the model is already trained
and available, and that the class names, suggestions,
and calorie information are defined in a suitable data
structure.

This code snippet is designed to load, preprocess,
and classify a food image using a pre-trained
convolutional neural network (CNN) model. The
model is expected to predict the type of food in the
image and provide corresponding nutritional
information and suggestions. The code snippet
doesn't include the part where the predicted class is
used to retrieve the corresponding nutritional
information and suggestion.

This code provides a basic framework for image-
based food recognition and nutritional information
retrieval. It can be customized and extended to

include more features and functionalities, such as

handling multiple images, providing more detailed
nutritional information, and integrating with other
applications. The specific libraries and functions
used might vary depending on the implementation.
Fig Output Obtained By CNN Algorithm When
Carrot Is Given As Input Image

Output:

The output of the Jupyter Notebook indicates that
the food image classifier has successfully identified

the image as a carrot and estimated its calorie count.

7- CONCLUSION
The conclusion of the paper "Image-Based Food
Recognition  for  Calorie  Counting  with
Convolutional Neural Networks" highlights the
significant potential of Convolutional Neural
Networks (CNNs) in accurately identifying different
food items and estimating their calorie content. This
technology offers a more automated and convenient
way for users to track their calorie intake, making it
easier to manage their diets. As deep learning and

image processing techniques continue to advance,
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we can expect further improvements in the accuracy
and efficiency of such systems.

The research findings highlight the efficacy of
CNNs in extracting meaningful features from food
images and correlating them with corresponding
calorie values. This technology has the potential to
revolutionize the way people track their nutrition,
making it more convenient, accessible, and accurate.
As deep learning and image processing techniques
continue to evolve, we can anticipate further
improvements in the performance and capabilities

of image-based food recognition systems.
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