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Abstract. Every individual requires food for nutritional support, without which
the body suffers from various diseases such as gastric issues and low blood sugar.
While there are many recipe websites, finding a suitable recipe can be time-
consuming, especially for those who lack cooking knowledge with available
ingredients. This project addresses this challenge by developing a recipe
recommendation model using a deep learning algorithm to suggest recipes based
on recognized food ingredients. The model utilizes more than 2,000 images
categorized into three food ingredient groups: rice, apple, and chicken. The data
collection process includes thorough preprocessing, data cleaning, and
annotation. The dataset is then augmented and split into training, validation, and
testing sets in an 80-10-10 ratio. To build the food ingredient recognition model,
the You Only Look Once (YOLO) technique, specifically YOLOVS, is employed.
The system is designed as a web-based application, providing an accessible
interface for users. After extensive training, validation, and testing, the model
achieved an impressive accuracy of 98%, demonstrating its capability to
accurately detect the specified ingredients. Future research aims to enhance the
system's functionality by addressing current limitations. Planned improvements
include integrating a comprehensive database for storing recipes, which would
facilitate easier data insertion and the addition of nutritional information for each
recipe. Furthermore, incorporating live-camera integration could enhance user
engagement and practicality.

Keywords: Recipe Recommendation, YOLO, Food, Deep Learning, Image
Recognition.

1 Introduction

According to a group of researchers, food is essential for survival and supplies im-
portant nutrition for the human body [1]. A recipe is a set of instructions for preparing
a particular dish or meal. It typically includes a list of ingredients, along with their
measurements and any specific instructions for their preparation or handling. The
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recipe will also describe the steps involved in cooking the dish, including the specific
cooking techniques, cooking times and temperatures, and any additional steps, such as
seasoning or garnishing. A standard recipe is divided into three sections: title, ingre-
dients, and cooking instructions, which may or may not correspond to the visual ap-
pearance of the cooked dish [2]. Recipes can be found in various formats, such as
cookbooks, online articles, or even handwritten notes passed down through genera-
tions. The recipes guide anyone who wants to prepare a particular dish, and following
the recipe can help ensure a successful outcome. People don’t have time to stock up
on their cooking ingredients. This situation can be difficult for them if they want to
prepare their meals quickly because they only have limited ingredients. This can be
proved by a journal that says many people often cook a dish with a cooking recipe on
websites and magazines, but the recipes’ listed ingredients sometimes cannot be pre-
pared [3]. Due to this challenge, this paper aims to develop a mobile application that
can recommend a recipe based on the ingredients.

The full utilization of advanced computer vision and machine learning approaches
in the realm of food perception has not been fully addressed [4]. Hence, this paper
makes a comparison of several deep-learning techniques to be implemented. Deep
learning enhances computer predictive capabilities by leveraging big data and ad-
vanced algorithms, integrating machine learning with complex applications like im-
age recognition, and autonomously training itself without human intervention [5][6].
It is essential to choose the most suitable technique to ensure the effectiveness of this
project. Three approaches will be discussed for this study which are CNN-based Res-
Net50, Support Vector Machine (SVM), and You Only Look Once (YOLO). These
are the most extensively used algorithms in food recognition, and one of them might
be suitable for the project.

Recommender systems are tools that filter, and narrow information based on the
material's content or a user's preferences or needs [7]. The application of recommen-
dation algorithms allows quick decision-making in these complex data environments
[8]. According to [9], recommendation systems, also known as recommendation en-
gines, are widely used in the fields of artificial intelligence and machine learning.
They also stated that recommendation systems based on user preferences are currently
helping consumers make the best decision without tiring their cognitive resources [9].

2 Related Works

This section consists of related works in terms of deep learning approach, food rec-
ommendations system and web-based application.

2.1  Deep Learning Approach

Considering the three deep learning approaches, each approach offers advantages that
could suit this project. However, it is crucial to thoroughly compare and select the
most appropriate deep learning algorithms, as this choice will significantly impact the
outcome of the project.
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Table 1. Comparison between Deep Learning Approaches.

Deep Learning Purpose Dataset Result

Approach

Convolutional The goal is to de- | Two datasets detect | The ResNet50 model,
Neural  Network | velop a CNN model | straw-berry diseases in | trained for 20 epochs
(CNN) -based | for detecting straw- | Taiwan's commercial | on 1306 feature imag-
ResNet50 berry diseases | production, identifying | es, achieved 100%

(Xiao et al., 2021)

through an image
recognition method.

five major ones: crown
rot, leaf blight, fruit rot,
powdery mil-
dew, and gray mold.

classification accuracy
for leaf blight, 98% for
gray mold, and 98%
for pow-
dery mildew cases.

Support Vector
Machine (SVM)

To develop a ma-
chine vision-based

The study includes 480
images of six rare local

Earned a classification
accuracy of 94.79%.

(Mia et al., 2019) recognition of rare
local  fruits  of
Bangladesh that
might benefit peo-
ple in recognizing
them.

fruits: amla (amloki),
sugar-apple (ata), bi-
lombo, elephant apple
(chalta), orboroi, and
sapota (sopheda).

You Only Look | To design a system | A new dataset of | 98.05% accuracy rate.

Once (YOLO) that will encourage | 10,000 data points
(Shifat et al., 2021) | individuals to avoid | from 20 junk food
eating junk food to | classifications was

take good care of
their health.

generated using the
Google search engine.

The You Only Look Once (YOLO) technique is the best choice for developing a Rec-
ipe Recommendation based on food ingredients recognition due to its ability to train
from start to finish, high accuracy rate of 98.05%, and faster detection speed of three
days with image augmentation.

2.2 Food Recommendation System

Food recipe recommendation based on ingredients detection using deep learning was
carried out by [10]. This study focuses on applying machine learning and deep learn-
ing techniques to the challenges of recognizing food elements and recommending
recipes based on them. The researchers aim to detect food ingredients by achieving
their highest classification rate and recommending worthy recipes. They used
Kaggle's food ingredients dataset and a customized dataset with 32 categories. There
are 9856 photos of 32 different ingredients in total. The images were divided into
three sets: 70% were allocated for training, 20% for testing, and the remaining 10%
were assigned for validation. After running 20 epochs using transfer learning, the
proposed CNN-based ResNet50 model achieved a 99.71% accuracy for the training
dataset. Moreover, 92.6% accuracy on the validation dataset, while the testing data
achieved an accuracy of 94%. They also tried detection with VGG16 and Mo-
bileNetV2, but ResNet50 produced a 94% testing accuracy. They created a 2D matrix
for the recipe suggestion algorithm after selecting 19 cooking recipes against 32 food
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elements. They also performed a linear search in the database to cross-check to match
the recognized recognition with the recipes easily. However, the CNN model in this
system the model is unable to categorize multiple objects simultaneously. It leads to
the lack of ability to detect multiple food ingredients from an uploaded image.

2.3  Web-based Applications

This section focuses on web-based applications. The word web-based means the users
can access the application by opening their web browser. They do not need to install
other applications on their device. Based on [11], nowadays, the emphasis on proper
and efficient design has become more crucial than the successful development or
support of any web system. This change is primarily caused by the widespread adop-
tion of web applications and the collaborative nature of sharing such applications
globally [12].

According to [12]. rich web applications can be developed using modern HTMLS5
standards and JavaScript, enhancing functionality and user engagement. The web has
become a full-fledged software delivery platform, replacing traditional methods like
downloading and installing software. HTML5 and JavaScript can create web-based
applications' structure and content, while image recognition algorithms can analyse
ingredients and recommend recipes.

Table 2. Table mapping for Similar Systems.

Systems Number

Food recipe recommendation based on ingredients detection using | 1
deep learning. [10]

Real-time mobile recipe recommendation system using food ingredi- | 2
ent recognition. [13]

Design of Low-Cost Object Identification Module for Culinary Appli- | 3
cations.

[14]
Vision Based Intelligent Recipe Recommendation System. 4
[15]
Table 3. Comparison between Similar Systems.

Systems 1 2 3 4
Deep Learning | CNN-based For  recogni- | You Only | You Only Look Once
Approaches Resnet50  to | tion, they built | Look (YOLO) v7

recognize food | bag-of features | Once

ingredients by extracting | (YOLO)

and a linear | SURF v2

search  algo- | and color his-
rithm in the | togram  from
database to | multiple imag-
recommend es and wused
cooking reci- | linear

pes. kernel SVM at




Recipe Recommendation based on Food Ingredients Recognition 559
one-vs-all as a
classifier.
Accuracy Re- | Achieved Achieved the | 93.77% At first, achieved
sults 99.71% accu- | 83.93% recog- | accuracy classification accuracy
racy for the | nition rate | result of more than 81.6%.
training  da- | within By combining more
taset. And | the top six vegetable classes, it
92.6% accura- | candidates provided a wide range
cy on the of ingredients that
validation could be found in a
dataset. recipe and improved
Achieved a the model's accuracy
testing accura- to an excellent 88.2%
cy of 94%. on average.
Allow users to | No Yes No Yes
use a camera
for recognition

3 Methodology

This paper develops a web-based application using waterfall model. The waterfall
model is a software development process that follows a sequential and systematic
approach. It is named the "waterfall" model due to its similarity to a cascading water-
fall, where progress moves steadily downwards, without any backward movement.
Each phase relies on the completion of the previous step. Below is the figure of the
waterfall model process:

Fig. 1. Waterfall Model of Software Development Life Cycle.

The figure above shows that the model starts with requirement analysis and contin-
ues with system design, development, testing and maintenance phases.

3.1 Requirements Analysis

The datasets have been collected from Kaggle, like Fruit360. Other than that, Food-
CamMobi also provides a dataset named UECFOOD-256. There are more than 2,000
images that can be gained. For Fruit360, this project used apples, and for UECFOOD-
256, this project used rice. Meanwhile, chicken image datasets will be collected from
Roboflow. Besides, the food recipes will be gathered from the recipe websites
Yummly, Allrecipes, and any other resources related to the ingredients.
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3.2  Design

The figure below shows a system architecture that shows an overview of the imple-
mentation of the YOLO approach.

Image Dataset Construction

BURIELL (Do

Fig. 2. System Architecture

The dataset construction starts with data collection, and the data will be loaded into
one folder. After that, the data needs to be specified to the respective category, which
has been mentioned in the Data Collection phase. Then, data preprocessing will resize
the images to construct the dataset. Next, the dataset must load into YOLO, and if the
process is successful, the model training section can start. However, if it is not suc-
cessfully loaded, it continues to do the data preprocessing phase. In the model training
section, after the dataset has been loaded, YOLO will do the anchor box setting before
data training and testing.

3.3 Development

The You Only Look Once (YOLO) algorithm has been used. Besides, this project also
uses open-source frameworks, which are Streamlit, along with the Python language.
Three platforms are being used in this project which are Visual Studio Code, Google
Colab, and Roboflow. Meanwhile, there are three languages to implement the web-
based application in this project, which are Hypertext Markup Language (HTML),
and Cascading Style Sheet (CSS).

3.4  Testing

The process to identify the model's accuracy starts with validating the custom model
using the command shown in Figure 5.1 below.
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~ Validate Custom Model

Fig. 3. YOLO Model Validation

As shown in Figure 5.1, the command validates the YOLO model using a valida-
tion set. It uses the YOLO toolkit with parameters specifying the detection task, vali-
dation mode, the path to the model weights file, and the location of the data configu-
ration file. By executing this command containing "mode=val" the model's perfor-
mance results are evaluated using the validation dataset. As a result, after running this
command, the detection accuracy result on the validation dataset is 98% mAPS50. The
results are saved in the runs/detect/val path file. The figure below shows one compila-
tion of the results from the validation model process for this project.

Fig. 4. Results of the Validation Model Process

Figure 5.2 displays the results of the validation model process that contains each
ingredient’s bounding box, label, and accuracy for detected objects in the images.

4 Results and Discussion

This paper develops a web-based application. This section contains a description of
developing a web-based application.

4.1 Model Evaluation

After the image dataset is ready, the model can be trained, and for this project, the
model is being trained in Google Colab. Firstly, the Ultralytics library must be in-
stalled to use the class from the library. The YOLO (You Only Look Once) class can
be accessed from the library to train the model. Besides, it also imports the 'display’
and 'Tmage' modules from IPython, which display images in the notebook. This can be
shown in the figure below.
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Fig. 5. Environment Setup for Ultralytics and YOLO Object Detection

4.2 User Interface

apple Uy

Menu Information:

Fig. 6. User Interface for Output page

As shown in Fig 4.12, next to the uploaded image, the system displays the detected
image containing their bounding boxes with accuracy and class, whether rice, apple,
or chicken. Then, menu information will be displayed depending on the detected
class, and a list of menus will be shown in a table format. The table has three col-
umns, which are menu names, preparation times, and sources. When the user clicks
on the sources, it will bring users to the recipe that matches the recognized ingredient.

4.3 Discussion

Limitation in terms of number of data Even though the system was successfully de-
veloped, it also has some limitations that need to be encountered. Firstly, the fewer
ingredients make the system less attractive because there are only rice, apple, and
chicken that the model can detect. Besides, the image file types might affect their
recognition process. This is because the system can only detect the mentioned type.

5 Conclusion

Nutrition is important for the body. Without it, the body suffers from various diseases.
While there are many recipe websites, finding a suitable recipe can be time-
consuming, especially for those who lack cooking knowledge with available ingredi-
ents. This project addresses this challenge by developing a recipe recommendation
model using a deep learning algorithm to suggest recipes based on recognized food
ingredients. The model utilizes more than 2,000 images categorized into three food
ingredient groups: rice, apple, and chicken. The data collection process includes thor-
ough preprocessing, data cleaning, and annotation. The dataset is then augmented and
split into training, validation, and testing sets in an 80-10-10 ratio. To build the food
ingredient recognition model, the You Only Look Once (YOLO) technique, specifi-
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cally YOLOVS, is employed. The system is designed as a web-based application,
providing an accessible interface for users. After extensive training, validation, and
testing, the model achieved an impressive accuracy of 98%, demonstrating its capabil-
ity to accurately detect the specified ingredients. Future research aims to enhance the
system's functionality by addressing current limitations. Planned improvements in-
clude integrating a comprehensive database for storing recipes, which would facilitate
easier data insertion and the addition of nutritional information for each recipe. Fur-
thermore, incorporating live-camera integration could enhance user engagement and
practicality. These future enhancements are geared towards offering a more user-
oriented cooking experience and promoting healthier eating habits.
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