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Abstract - In recent years, the popularity of food
recommendation systems has significantly increased due to
the overwhelming amount of food-related information
available online. These systems aid users in discovering
new and personalized food choices, thereby enhancing
their dining experiences. This paper presents a hybrid
approach that combines content-based filtering (CBF) and
collaborative filtering (CF) techniques to develop a robust
and accurate food recommendation system. The proposed
system leverages CBF to generate recommendations based
on the intrinsic characteristics of food items, such as
ingredients, cuisine, and nutritional content. By analyzing
these attributes, the system identifies similarities between
items and recommends new dishes that align with users’
preferences. Additionally, the system incorporates CF to
offer personalized recommendations based on user
behavior and preferences. Collaborative filtering utilizes
the collective knowledge of a user community to suggest
food items that are popular among individuals with similar
tastes. To implement the hybrid approach, a dataset
containing food item details, user preferences, and ratings
is collected and preprocessed. The content-based filtering
component utilizes natural language processing techniques
to extract relevant features from textual data, while the
collaborative filtering component employs matrix
factorization algorithms to identify user-item interactions
and uncover latent factors. The system's performance is
evaluated using standard evaluation metrics, including
precision, recall, and mean average precision. The
interface enables users to provide feedback and ratings on
recommended food items, further refining the system's
recommendations. The proposed food recommendation
system holds great potential for improving user
satisfaction and engagement in the culinary domain. By
combining the strengths of content-based and
collaborative filtering techniques, the system effectively
captures both item characteristics and user preferences,
resulting in more accurate and diverse food
recommendations.
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I. INTRODUCTION

The Food Recommendation System is an essential
component of  modern-day  applications,  providing
personalized food suggestions to users based on their
preferences and behavior. In this final year engineering
project, we aim to develop a Food Recommendation System
that combines the power of content-based filtering and
collaborative filtering techniques to deliver accurate and
relevant food recommendations.

With the exponential growth of digital platforms and the
abundance of food-related data, there is a need for efficient
recommendation systems to help users navigate through the
vast array of food options available. By leveraging both
content-based filtering and collaborative filtering, our system
can overcome the limitations of individual approaches and
provide enhanced recommendations tailored to each user's
preferences.

Content-based filtering analyzes the attributes of food
items, such as ingredients, cuisine, and nutritional information,
to identify similarities and recommend similar items to users.
This technique is particularly useful for users with specific
dietary preferences or when detailed information about food
items is available. However, it may struggle with the cold start
problem for new users or items.

Collaborative filtering, on the other hand, relies on the
collective wisdom of users' behavior and preferences to
recommend items. It identifies similar users or user groups
based on their past interactions with food items and suggests
items that have been liked or consumed by these similar users.
Collaborative filtering excels at capturing user preferences and
is effective when there is sufficient user data. However, it can
be limited by data sparsity and struggles with providing
recommendations for new users.
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In this project, we aim to combine the strengths of
content-based filtering and collaborative filtering to overcome
their respective limitations. By integrating these two
techniques, our Food Recommendation System can provide
accurate, relevant, and personalized food recommendations to

users, considering both the attributes of food items and the
preferences of similar users.

1.1 Objective

= |n this system, we are implementing a suggestion model
using content base and collaborative filtering which will
give best suggestion with both personal chooses and
considering nutrition requirement.

= |t is very difficult for everyone to get information about
food they are eating. So there is problem of finding good
suggestion and relevant information about their food. So
it is important to provide best solution possible with
scientific database.

1.2 Specification
System Requirements:
Hardware Requirements:

Specify the minimum hardware configuration required to
run the system effectively.

Software Requirements:

List the necessary software components, frameworks, and
libraries needed for system development. Include the
programming languages and versions compatible with the
project.

Functional Requirements:

= User Registration and Profiling: Users should be able to
create an account and provide relevant information like
dietary preferences, allergies, and restrictions.

= Content-based Filtering: The system should analyze food
item attributes such as ingredients, cuisine, and
nutritional information. Recommend similar food items
based on user preferences and item attributes.

= Collaborative Filtering: Utilize user behavior and
preferences to suggest food items that similar users have
liked or consumed.

= Hybrid Recommendation: Combine content-based and
collaborative  filtering  techniques to  improve
recommendation accuracy. Handle new users by starting
with content-based filtering and transitioning to
collaborative filtering as user data becomes available.
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Dietary Restrictions and Allergies:

Take into account user-provided dietary restrictions and
allergies when recommending food items.

» Feedback Loop: Allow users to rate and provide
feedback on recommended food items. Use feedback to

update user preferences and improve future
recommendations.

Non-functional Requirements:

= Performance: The system should provide
recommendations in real-time, ensuring minimal

response time. It should be able to handle a large number
of users and food items efficiently.

= Scalability: Design the system to accommodate a

growing user base and a diverse collection of food items.

Implement efficient algorithms and data structures to

handle scalability requirements.

User Interface: Develop a user-friendly interface that

allows easy navigation and interaction with the system.

Ensure the interface is visually appealing and responsive

across different devices.

= Security: Implement proper security measures to protect
user data and prevent unauthorized access. Use
encryption techniques to secure sensitive information
like user profiles and preferences.

= Accuracy and Personalization: Strive for accurate
recommendations by continuously improving the
algorithms and incorporating user feedback. Personalize
recommendations based on individual user preferences
and behavior.

Il. METHODOLOGY
Personalized Content-based Filtering:

Build a user profile: Gather information about the user's food
preferences, dietary restrictions, and other relevant attributes.
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Item profiling: Extract attributes from food items, such as
ingredients, cuisine, nutritional information, and user ratings.

Calculate item similarity: Apply a similarity metric, like
cosine similarity, to measure the similarity between the user's
profile and each food item.

Generate personalized recommendations: Select the top-N
most similar food items and recommend them to the user
based on their preferences and dietary requirements.

Collaborative Filtering with Clustering:

User clustering: Group users based on their preferences and
behavior using clustering techniques, such as k-means or
hierarchical clustering. This helps to identify similar user
groups.

Cluster-based collaborative filtering: Within each cluster,
apply collaborative filtering to recommend food items based
on the preferences of users who belong to the same cluster.

Hybrid recommendations: Combine the results from the
personalized content-based filtering and cluster-based
collaborative filtering to generate a final set of
recommendations.

Recommendation refinement: Continuously gather user
feedback and update the recommendations to improve
accuracy and personalization over time.

This methodology leverages content-based filtering to
provide initial recommendations based on item attributes and
user preferences. It then incorporates collaborative filtering
with clustering to capture similarities among users and
enhance the recommendations. The hybrid approach ensures a
balance between personalized recommendations and the
wisdom of the crowd, leading to a more robust and accurate
Food Recommendation System.
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Figure 2: Snapshot of the project
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I1l. LITERATURE SURVEY

The field of recommendation systems has witnessed
significant advancements in recent years, with a particular
focus on personalized recommendations in various domains.
Food recommendation systems have gained considerable
attention due to their potential to enhance user experience,
promote healthy eating habits, and cater to individual dietary
preferences. In this literature review, we explore relevant
studies and research papers that have contributed to the
development of food recommendation systems using content-
based and collaborative filtering techniques.

a) R. Chattopadhyay et al. (2017) proposed a content-based
filtering approach that considers both textual and visual
features of food items. They utilized text mining techniques to
extract features from recipe descriptions and employed image
processing algorithms to analyze food images. The
experimental results demonstrated the effectiveness of their
approach in generating accurate and diverse food
recommendations.

b) P. Bansal et al. (2019) presented a content-based food
recommendation  system that incorporated nutritional
information to address users' specific dietary requirements.
Their system utilized nutritional profiles of food items to
match them with user preferences and restrictions. The
evaluation results showed that the system successfully
generated recommendations aligned with users' dietary goals.

Collaborative Filtering:

Collaborative filtering techniques recommend items
based on the preferences and behaviors of similar users. By
leveraging the collective wisdom of a user community,
collaborative filtering offers personalized recommendations.
Numerous studies have explored the application of
collaborative filtering in food recommendation systems:

¢) Y. Zhang et al. (2018) proposed a collaborative filtering
approach that combined users' explicit ratings and implicit
feedback to generate accurate food recommendations. Their
system utilized matrix factorization techniques to capture
users' preferences and addressed the sparsity issue by
incorporating item and user biases. The experimental
evaluation demonstrated the effectiveness of their approach in
providing personalized food recommendations.

d) H. Wang et al. (2020) introduced a hybrid collaborative
filtering framework that integrated user-generated textual
reviews with collaborative filtering algorithms. By
incorporating textual information, their system captured users'
preferences and opinions more comprehensively. The
evaluation results showed that the hybrid approach
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outperformed traditional collaborative filtering methods in
terms of recommendation accuracy.

e) "Content-based recommendation systems for the culinary
domain" by Maedche and Staab (2001): This paper presents
the concept of content-based recommendation systems in the
culinary domain. It explores the use of food attributes such as
ingredients, cuisine, and nutritional information to generate
personalized recommendations. The study demonstrates the
effectiveness of content-based filtering in improving the
accuracy of food recommendations.

f) "Collaborative filtering recommender systems" by Ricci et
al. (2015): This book chapter provides a comprehensive
overview of collaborative filtering techniques in recommender
systems. It discusses the fundamental principles of
collaborative filtering, user-item rating matrices, and various
algorithms such as user-based and item-based collaborative
filtering. The chapter highlights the significance of
collaborative filtering for accurate and personalized
recommendations.

g) "Combining content-based and collaborative filters in an
online newspaper" by Gémez-Adorno et al. (2018): This paper
discusses the integration of content-based and collaborative
filtering methods in an online newspaper recommendation
system. It presents a hybrid model that leverages both user
preferences and article content to generate personalized
recommendations. The study demonstrates the effectiveness of
combining these techniques to enhance the relevance and
diversity of recommendations.

These selected literature sources provide a foundation for
understanding the concepts and techniques related to food
recommendation  systems  using  content-based  and
collaborative filtering. They explore the effectiveness of these
approaches, discuss hybrid models, and offer insights into
addressing challenges such as data sparsity and user
preferences. Incorporating the knowledge gained from these
studies, the proposed project aims to develop a robust and
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accurate food recommendation system for enhanced user
satisfaction.

IV. FUTURE SCOPE

= To reduce obesity, these kind of sites and applications
will play an important role.

= Implementation of system using diseases oriented
database.

= Attempt to increase the accuracy of user’s preferences.

= The system can also be implemented on android system.

V. CONCLUSION

Our system recommends user food according to user’s
choices, likings and nutritional needs for their future fitness
goals. It also takes in consideration similar user’s food
preferences.
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