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Abstract—This research paper explores the transformative 

impact of deep learning methodologies in the domains of food 

image recognition, classification, and calorie estimation. By 

utilizing the convergence of machine learning with convolutional 

neural networks (CNNs), the study tackles the growing concerns 

surrounding obesity and health difficulties, highlighting the need 

for creative methods of nutritional monitoring. Motivated by 

challenges in fruit classification and the limitations of traditional 

methods, the research progressively shifts towards efficient and 

accurate image-based approaches, particularly highlighting the 

effectiveness of CNNs. The methodology focuses on machine 

learning-based approaches for food calorie estimation, with a 

specific emphasis on parameter-optimized lightweight CNN 

models utilizing TensorFlow's Object Detection API and Mask R-

CNN. The results showcase impressive accuracy levels, often 

exceeding 90%, across diverse food items, albeit with persistent 

challenges such as limited datasets, computational costs, and real-

world application constraints. In conclusion, this comprehensive 

review underscores the transformative potential of deep learning 

in fostering healthier lifestyles, combating obesity, and providing 

valuable insights for dietary guidance and health management. 

Further research is recommended to enhance dataset 

representativeness and optimize model generalization for 

broader practical applicability 

 

Keywords: Calorie estimation, Classification, Convolutional 

neural network, Object detection. 

I. INTRODUCTION 

 

Food plays a pivotal role in shaping human health and well-

being, 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 (CNNs), this thorough review 

seeks to explore the revolutionary effects of deep learning in 

tackling the challenges of food calorie estimation. Beyond its 

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. This investigation reveals the convergence 

between machine learning and CNNs as a major theme, 
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demonstrating the effectiveness that deep learning has in 

managing the complexities of food instance categorization and 

calorie calculation in practical settings. The review also 

explores the relationship between the rise in vegetarian 

communities, chronic diseases, and dietary practices. The 

problems of precisely categorizing and calculating the 

nutritional value of various food items change along with 

dietary preferences. Combining the insights from various 

papers underscores the evolution of food classification 

methods, transitioning from conventional machine learning to 

the adoption of sophisticated deep learning 

algorithms. Machine learning-based approaches for food 

calorie estimation take center stage in this synthesis, with a 

specific emphasis on parameter-optimized lightweight CNN 

models. Leveraging TensorFlow's Object Detection API and 

Mask R-CNN, researchers have demonstrated the potential for 

real-time, practical implementations using simple smart 

cameras. By emphasizing lightweight models, the objective is 

to reduce computational costs and enable broader use of these 

technologies. Large-scale research on food, as examined in the 

framework of social networks along with the Internet of 

Things, highlights the revolutionary potential that deep 

learning has in this field. These studies extend beyond the 

confines of individual dietary monitoring, offering insights 

into broader societal trends and dynamics related to food 

choices and consumption patterns. The collective 

contributions of these papers highlight the significance of 

integrating advanced technologies to accurately predict food 

calories, providing valuable insights for promoting healthier 

lifestyles and combating the global challenge of obesity. The 

performance comparison across multiple papers reveals a 

diverse landscape that includes deep learning applications, 

with various CNN architectures achieving impressive 

accuracy levels. However, challenges such as dataset 

limitations, computational costs, and potential real-world 

application constraints persist. Data augmentation and transfer 

learning show promise as methods to improve model 

resilience. addressing some of these challenges and 

contributing to improved model performance. When taken as a 

whole, these findings highlight the revolutionary potential that 

deep learning has for encouraging better lifestyles, battling 

obesity, and offering insightful information on nutrition and 

health management. The field of nutritional monitoring has 

entered a new age with the merging of machine learning and 

CNNs. offering solutions to complex challenges that were 

once deemed insurmountable. While the achievements 

showcased in these papers are commendable. In order to 

improve dataset representativeness and maximize model 

generalization for wider applicability in various settings, it is 

highlighted that more study is necessary. Deep learning's 

potential to change how we estimate the amount of calories in 

food is still a dynamic area of study with enormous potential 

for the future. 

 

II. LITERATURE SURVEY 

 

Yanyan Dai et al. [5]  The paper "Utilizing Mask R-CNN for 

Solid-Volume Food Instance Segmentation and Calorie 

Estimation" presents a novel real-time vision-based method 

for segmenting solid-volume food instances and estimating 

their calorie content. The research leverages Mask R-CNN for 

calorie estimation and instance segmentation, using Gimbap as 

an instance of a solid-volume dish. Unlike other methods that 

make use of RGB-D or 3D LiDAR cameras, this method is 

made to operate using RGB pictures and a basic monocular 

camera. The paper outlines the labeling approach for Gimbap 

image datasets, the fine-tuning of the Mask R-CNN 

architecture, and a novel calorie estimation approach. The 

results of the experiment show how successful the suggested 

methods are; the model achieves excellent accuracy in calorie 

estimation and Gimbap instance segmentation. The suggested 

method, which employs mask information and takes unseen 

food into account, performs better than existing food calorie 

estimating techniques based on Faster R-CNN, rendering  the 

paper's conclusion. 

 

Vijaya Kumari G et al. [6]  The paper "Food classification 

using transfer learning technique" examines the application of 

transfer learning for food classification in computer vision. 

The authors utilize the EfficientNetB0 model, which has 11 

million trainable parameters and employs 7 inverted residual 

blocks with squeeze and excitation blocks as activation. The 

Food-101 dataset, which comprises 101,000 real-world photos 

of meals classified into 101 categories, serves as the 

foundation for the experimental findings. There are 25,250 

photos in the test set and 75,750 in the training set. When 

comparing the trial findings to other cutting-edge models, 

Model 4, which makes use of the EfficientNetB0 model, 

achieves the best accuracy of 80% across a range of measures. 

To demonstrate the effectiveness of their approach, the report 

also compares their method to other cutting-edge models. 

TensorFlow, a package for machine learning, and Python are 

used in the research. In conclusion, the research presents a 

new large-scale food identification benchmark dataset and 

presents a novel method for mining discriminative visual 

components and efficient classification using the 

EfficientNetB0 model. The study provides a comprehensive 

examination of the F1 score values, recall, precision, and 

experimental outcomes. It also contrasts the suggested 

approach with other cutting-edge models that utilize transfer 

learning techniques in the food classification field. 

 

Rakib Ul Haque et al. [7] The study offers a novel method that 

utilizes techniques from deep learning to automatically 

estimate food calories from pictures. In terms of optimum time 

and space complexity, satisfactory score, and real-time 

performance, the authors compare their method to current 

approaches. They demonstrate that their method is more 

http://www.ijsrem.com/


          INTERNATIONAL JOURNAL OF SCIENTIFIC RESEARCH IN ENGINEERING AND MANAGEMENT (IJSREM) 

            VOLUME: 08 ISSUE: 05 | MAY - 2024                                     SJIF RATING: 8.448                                         ISSN: 2582-3930                                                                                                                                               

 

© 2024, IJSREM      | www.ijsrem.com                                 DOI: 10.55041/IJSREM33874                                              |        Page 3 

accurate and efficient than current approaches. The suggested 

framework may be deployed on smart devices to be used daily 

and has potential applications in the food industry and 

healthcare sectors. The suggested approach, based on the 

paper's conclusion, offers a lightweight and parameter-

optimized solution for real-time applications and closes a 

research gap in the area of calorie estimation for food. 

 

V Balaji Kasyap et al. [8] The study suggests a deep learning 

algorithm-based method for calculating caloric intake. The 

authors utilize a dataset of fast food images and extract 

features using the MathWorks image processing toolbox. They 

reduce the features using principal Component Analysis 

(PCA) and Information Gain (InfoGain) to 23 features. Next, 

they determine the food's identity using Sequential Minimal 

Optimization (SMO) and estimate its size in grams using 

Random Forest. Lastly, they use a multilayer perceptron to 

forecast the food's calorie content. The authors explore various 

forms of image representation and find that RGB 

representation gives the best results. Additionally, they test the 

performance of their models with benchmark data and 

discover that their models beat the benchmark. The authors 

draw the conclusion that their approach can enhance dietary 

assessment and estimate calorie intake with accuracy. 

 

Mustafa Al-Saffar et al. [9] "Nutrition information estimation 

from food photos using machine learning based on multiple 

datasets" explores the possibility of estimating nutritional 

details from food pictures using machine learning. The 

suggested approach entails analyzing social media photos of 

food to predict what's inside each item and extract nutritional 

data, offering insightful information for initiatives aimed at 

promoting health. The study achieves a remarkable accuracy 

of 85% in predicting food ingredients and extracting nutrition 

information. The results show how to get food components 

and nutrition data from them in a promising way, which may 

be used by developers and architects to build food and health 

systems and recommendation systems. The findings may have 

an impact on chronic illness prevention and the promotion of a 

healthy diet. 

 

Muhammad Nadeem et al. [11] "Smart Diet Diary: A 

Smartphone-Based Application for Real-Time Food 

Recognition and Nutritional Value Calculation" describes the 

planning and creation of a smartphone application that would 

help patients and obese people control their food consumption 

for a healthier lifestyle. The application uses deep learning to 

identify food items and determine the calorie count of each 

item's nutritional worth. The system achieved an overall 

accuracy of approximately 80.1% and an average calorie 

computation within 10% of the real calorie value. The authors 

developed a customized food image dataset composed of over 

16,000 images from fourteen classes to train and test the 

system, achieving a combined accuracy of approximately 

80.1%, with a maximum of 90.2% for some classes. Along 

with a thorough assessment of existing research on food 

recognition and nutritional value computation methods, the 

study also provides an evaluation of the system based on 

various dataset images and experimental findings. The authors 

intend to extend the system to include more food categories 

and enhance the existing dataset using image augmentation to 

improve accuracy. 

 

Rutuja Rewane et al. [12] "Food Recognition and Health 

Monitoring System for Recommending Daily Calorie Intake" 

provides an analysis of different food identification and health 

monitoring systems, emphasizing daily calorie 

recommendations. This article examines the performance and 

execution rates of wearable technology, augmented reality, 

and android implementation. The intention is to provide daily 

calorie intake and nutrition recommendations as part of a 

system for food identification and health tracking. For 

nutrition visualization, the suggested system consists of three 

primary parts: food recognition, retrieval of nutrition 

information, and image tracking and visualization. The paper 

also discusses various approaches for calorie content 

estimation, such as analyzing images and using 

crowdsourcing. Overall, the study offers an overview of the 

level of food identification and health tracking systems today 

and suggests a viable use case for the retrieval and 

visualization of food nutrition data. 

 

Bruno Vieira Resende e Silva et al. [13]  This research offers a 

mobile-based nutrition tracking system for managing obesity 

that intends to improve meal journal accuracy and ease of use 

by utilizing wearable sensors for exercise detection, 

smartphone apps for interactive meal identification and rating, 

and individual feedback. The suggested system has a large 

food image collection, strong food segmentation and 

classification, precise food amount estimation, and 

enlightening dietary recommendations. In addition, the system 

features a metabolic network simulator that takes into account 

each person's basal metabolism and tracks the generation of 

energy in real time when nutrients from meals are present.  

The system's technical execution and possible effects on 

encouraging a healthy diet and preventing diseases linked to 

obesity and overweight are covered in the paper. 

 

Parisa Pouladzadeh et al. [14]  The paper presents a mobile 

cloud-based food calorie measurement system that uses image 

segmentation and a cloud-based Support Vector Machine 

(SVM) for food recognition and calorie counting. Users can 

track the amount of food they eat and its nutritional value by 

using their smartphones to snap images of their food. The 

system overcomes the limitations of mobile devices, such as 

processing power, memory, and battery life, by leveraging 

cloud computing, resulting in faster and more accurate food 

recognition. An overview of the system is given in the 

http://www.ijsrem.com/
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publication, along with the user interface, the segmentation 

and recognition algorithms, the calorie measurement method, 

and the experimental results on a dataset of 40 different food 

categories. This system represents a significant advancement 

in the field of dietary monitoring and health management. 

III. PERFORMANCE COMPARISON: 
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Accuracy 

 

 

 

 
Conclusion 

 

Yu-Dong 

Zhang et al[1] 

 

Fruit-360 dataset 

 

Imagine rotation, gamma 

correction, and noise 

injection are the three forms 

of data augmentation, along 

with a 13-layer CNN. 

 

94.94% 

 

Found that max pooling 

techniques slightly 

outperformed average pooling. 

 
N. Martinel et 

al[2] 

 
UEC Food100, 

UEC Food256 and 
Food-101. 

 
DNN (deep neural 

networks) 

 
90.27% 

 
Introduced WISeR architecture 

for food recognition, 
specifically tailored for the task. 

     

     

     

 

Takumi Ege et 

al[3] 

 

UEC Food-100, 

calorie-annotated 

food photo 

dataset. 

 

YOLO, for real-time object 

detection 

CNN, for classification. 

 

Not 

Specified 

 

The technique suggested 

carries out dish detection 

and calorie estimation at 

the same time. 

 
Zhidong Shen 

et al[4] 

 
Food-101 

 
CNN, Spatial Transform 

Network (STN) 

 
85% 

 
Developed an innovative system 
that uses user-uploaded photos 
and optimized Inception V-3 
and V-4 models to accurately 

classify food. 
     

     

     

     

     

     

 

Yanyan Dai et 

al[5] 

 

Gimbap image 

dataset, solid-

volume food 

image dataset. 

 

Mask R-CNN. 

 

97.82% 

 

The paper introduces a calorie 

estimation approach that 

combines the instance 

segmentation results and the 

calibration results. 
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Vijaya Kumari 

G et al[6] 

 

Food-10, UEC-

256 

 

Convolutional Neural 

Networks (CNNs). 

 

80% 

 

The study introduces a novel 

method for food recognition 

based on EfficientNetB0, a deep 

learning methodology. 

 

Rakib Ul 

Haque et al[7] 

 

Food-101, Fruit-

360. 

 

Convolutional Neural 

Networks (CNN). 

 

85% 

 

The study tests several 

CNN model configurations 

and surpasses current 

approaches that are either 

imprecise, laborious, or 

time-consuming by 

achieving a success rate of 

85% on the test set. 

 

V Balaji Kasyap et 

al[8] 

 

ECUSTFD Food 

Dataset 

 

CNN, Random forest, SVM 

 

97% 

Utilized multiple algorithms 

(CNN, Random Forest, and SVM) 

for identifying and detecting food. 

 

Mustafa Al-Saffar 

et al[9] 

 

Yelp dataset, 

Nutrition5k dataset 

 

Convolutional neural network 

(CNN) 

 

85% 

 

In order to evaluate nutrition 

information from food images, an 

innovative machine learning 

method based on multiple datasets 

is presented in this work. 

 

Parth Poply et 

al[10] 

 

UNIMIB 2016 Food 

Dataset, Self-collected 

and custom-made 

dataset. 

 

CNN, Semantic 

Segmentation 

 

93.06% 

 

Semantic segmentation is essential 

for precise calorie estimations 

based on divided food pieces. 

 

TABLE 1. COMPARATIVE  EVALUATION  OF  VARIOUS  METHODS  FOR  FOOD  CALORIE  ESTIMATION 

 

 

These discussions make it clear that the papers as a whole 

explore the topic of food calorie estimation with deep 

learning approaches. Various CNN designs, such as Mask 

R-CNN and Wide-Slice Residual Networks, demonstrate 

the effectiveness of different deep learning techniques in 

precisely determining the caloric content of a wide variety 

of food items. Leveraging datasets like Food-101 and UEC 

Food100, the studies not only attain notable accuracy 

levels, often exceeding 90%, but also grapple with 

challenges like limited datasets, computational expenses, 

and potential real-world application constraints. The 

strategic use of transfer learning and data augmentation 

emerges as pivotal in mitigating these challenges and 

refining model performance. Together, the papers highlight 

how deep learning can significantly improve people's lives 

by encouraging healthier habits, preventing obesity, and 

providing insightful information on nutrition and health 

care. However, the need for further research is emphasized 

to enhance dataset representativeness and optimize model 

generalization for broader practical applicability. 
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IV. CONCLUSION: 

 

In conclusion, this thorough analysis demonstrates how 

deep learning techniques have transformed the 

identification, categorization, and calculation of calories 

from food photos. The convergence between machine 

learning and convolutional neural networks (CNNs) stands 

out as a key theme, presenting practical solutions to the 

intricate problems relating to food calorie prediction. 

Scholars have progressively shifted from traditional 

methods to efficient and accurate image-based approaches, 

particularly emphasizing the success of CNNs. 

The examination of real-time vision-based methods 

highlights the urgency of automating food instance 

segmentation and calorie estimation for effective dietary 

guidance and health management. The synthesis delves into 

the intersection of dietary habits, chronic diseases, and the 

rise of vegetarian populations, showcasing the evolution of 

food classification methods. The reviewed machine 

learning-based approaches for food calorie estimation, 

particularly the parameter-optimized lightweight CNN 

models, present promising avenues for real-time, practical 

implementations using simple smart cameras. 

The comparison of numerous paper performances shows 

how different CNN architectures can achieve outstanding 

levels of accuracy, indicating the wide landscape 

underlying deep learning applications. However, challenges 

such as dataset limitations, computational costs, and 

potential real-world application constraints persist. Transfer 

learning and data augmentation emerge as effective 

strategies to enhance model robustness. When taken as a 

whole, these findings support continued initiatives to battle 

obesity, encourage better lifestyles, and offer insightful 

information about nutrition and health care. Further 

research is encouraged to address dataset representativeness 

and improve model generalization for broader applicability 

in diverse scenarios. 
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