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Abstract: The food sector is being revolutionized with tech-based innovations to enhance the
customer experience. This paper examines a “Customized Meal Recommendation System” that uses
machine learning algorithms to give personalized meal recommendations based on user
preferences such as budget, number of individuals, spice tolerance, and other restaurant-based
factors. Three major interfaces exist in the system: User Panel for preference taking, Admin Panel
for menu management, and Chef Panel for presenting ordered meals. This research explores
technological innovations in personalized meal recommendation and how machine learning is
assisting in achieving maximum customer satisfaction with minimal cost.
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. INTRODUCTION

Personalized recommendation systems have emerged as the mainstay in modern times, changing the
way people interact with technology in a variety of sectors. Leveraging advancements in machine
learning, Al, and data analytics, personalized recommendation systems have revolutionized e-
Commerce, entertainment, healthcare, and other industries. The food industry, in particular, has been
transformed with personalized meal recommendation systems, which have the potential to enhance
dining experiences with customized meal recommendations aligned with individual preferences,
dietary needs, and lifestyle.

In recent years, there has been an exponential growth in demand for intelligent and customized meal
recommendation systems driven by changing customer behavior, increased health awareness, and
higher demands for convenience. Modern consumers no longer tolerate generic menu options;
instead, they prefer meals that cater to their own tastes, nutritional requirements, and cultural
background. Traditional menu selection processes often overwhelm consumers with too many
choices, leading to decision fatigue and suboptimal meal selections. This is where machine learning-
based recommendation systems step in. By analyzing vast amounts of data including user preferences,
dining history, realtime contextual factors (such as time, place, and occasion),these systems offer
highly customized meal suggestions that enhance user satisfaction and engagement.

The benefits of personalized meal recommendation systems extend beyond customer satisfaction. For
restaurants and food service providers, these systems offer strategic advantages in inventory
management by improving operational efficiency. By aligning recommendations with available
ingredients and real-time inventory levels, restaurants can prevent overstocking, minimize spoilage,
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and contribute to sustainability efforts. Additionally, these systems can boost revenue by upselling or
crossselling menu items, such as suggesting complementary dishes or highlighting seasonal specials.
Despite advancements in recommendation algorithms, developing an effective and scalable meal
recommendation system presents various challenges. One major hurdle is the ever-changing nature
of user preferences, which can shift due to evolving tastes, health conditions, or cultural influences.
Another challenge is the “cold start” problem, where the system struggles to generate accurate
recommendations for new users with little or no prior data. Incorporating diverse dietary restrictions,
such as vegetarian or non-vegetarian preferences, further complicates the process. Moreover,
ensuring that recommendations are not only personalized but also practical by aligning with
restaurant inventory and sophisticated optimization techniques.

This paper provides an in-depth exploration of a “Customized Meal Recommendation System,”
focusing on its potential to transform the dining experience for customers while benefiting restaurant
management. The study examines key technologies such as collaborative filtering, content-based
filtering, and hybrid recommendation models, as well as the role of natural language processing (NLP)
in analyzing user reviews and feedback. It also explores the integration of real-time data such as
seasonal ingredient availability, and user activity levels to improve recommendation accuracy and
relevance. Furthermore, the paper addresses ethical considerations, including data privacy and
algorithmic bias, which are critical for building trust and ensuring responsible implementation.

By bridging the gap between user preferences and restaurant offerings, personalized meal
recommendation systems have the potential to redefine the future of dining. This research aims to
contribute to the growing body of knowledge in this field by proposing innovative solutions to existing
challenges and identifying opportunities for further exploration. By combining theoretical insights
with practical applications, this paper demonstrates how technology can be leveraged to create a
more personalized and efficient dining experience.

Il. PROBLEM FORMULATION

Meal selection remains a challenge in modern restaurants due to limited personalization, static
menus, and inefficient ordering processes. Customers often struggle to find meals that match their
budget, dietary preferences, spice tolerance, and ingredient availability. Traditional menu-based
ordering systems lack real-time inventory updates, group meal combinations, and the ability to learn
from customer behavior, resulting in a less satisfying dining experience.

One of the biggest challenges is the lack of personalization in current food recommendation systems,
which fail to offer meal suggestions tailored to individual preferences. Budget constraints are often
ignored, preventing customers from receiving cost-effective meal recommendations. Additionally, an
overwhelming number of menu options can cause decision fatigue, making it difficult for customers
to quickly choose the best meal combination. Static menus that do not adapt to ingredient availability
add to the frustration when certain meals become unavailable.

Another major issue is the inefficiency of recommendation systems in handling new users, commonly
known as the cold start problem. Without prior order history, new users receive less relevant meal
suggestions, making collaborative filtering techniques less effective. Group ordering also remains
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inefficient, as most systems lack automated meal splitting or optimization. Al-driven solutions are
underutilized, with many systems relying on fixed rules rather than adaptive machine learning models
that refine suggestions based on user interactions. Additionally, the absence of real-time customer
feedback integration limits the ability of these systems to improve over time.

lll. ITERATURE REVIEW
Recent advances in personalized diet recommendation systems have utilized artificial intelligence (Al)
and machine learning (ML) to enhance dietary advice tailored to user-specific factors. Various research
studies have explored collaborative filtering, nutritional matching algorithms, and clustering
techniques to improve the accuracy and relevance of meal recommendations.

Kumari (2024) introduced a Personalized Diet Recommendation System Using Machine Learning,
where the model considers age, gender, daily meals, exercise intensity, and weight goals to generate
customized diet plans. The methodology involves training machine learning models on user-specific
factors, ensuring more accurate and tailored meal recommendations. However, the study highlights
limited personalization across diverse dietary needs, indicating a gap in adapting recommendations to
various dietary restrictions and cultural preferences.

Shrinivas (2023) proposed a Personalized Food Recommendation System Using Machine Learning
Models, focusing on user preferences across different age groups. The approach applies age-group-
based clustering and collaborative filtering to refine personalized food suggestions. Despite its
innovative use of user segmentation, the study notes insufficient integration of real-time user
feedback, limiting the model’s adaptability to dynamic dietary changes and user preferences [2].
Vijaykumar (2022) developed A Personalized Food Recommender System for Women Considering
Nutritional Information, which emphasizes proper diet and nutrition-based meal suggestions tailored
specifically for women. The study incorporates a nutritional matching algorithm, integrating user
feedback to refine recommendations further. However, the primary limitation lies in the lack of
adaptability to cultural cuisine preferences, reducing its effectiveness in diverse populations [3].

Collectively, these studies highlight the continuous advancements in Al-driven meal recommendation
systems and their potential to revolutionize dietary planning through machine learning, user feedback
integration, and personalized clustering techniques. While these models have significantly improved
recommendation accuracy, future research should focus on enhancing cultural adaptability to better
serve diverse users.

IV. OBJECTIVES
The aim of this project is to develop a Customized Meal Recommendation System that enhances the
dining experience by providing personalized meal suggestions based on user preferences, budget,
spice tolerance and ingredient availability. The system will utilize advanced machine learning
algorithms and real-time data processing to generate tailored recommendations while optimizing
restaurant operations.
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By leveraging Al-driven technologies, the platform will streamline meal selection, minimize decision
fatigue, and improve order accuracy. Additionally, the project seeks to enhance restaurant
management through real-time inventory updates, dynamic menu adjustments, and automated group
meal optimization.

Ultimately, this project aims to create a smart, adaptive, and user-focused recommendation system
that benefits both customers and restaurant businesses, ensuring a seamless and efficient dining
experience.

V. ARCHITECTURE MODEL
A] Proposed Architecture for Customized Meal Recommendation System: The Customized Meal
Recommendation System consists of a front-end (React), back-end (Node.js, Express.js),
MongoDB database, and a machine learning module. The system processes user preferences,
generates personalized meal recommendations, updates inventory in real time, and optimizes
restaurant management

B] User: The user is the central entity interacting with the system. They provide their
preferences,budget constraints, and feedback to refine recommendations. Through a web or
mobile interface, users can browse meal options, place orders, and track deliveries. The system
continuously learns from user interactions, making recommendations more personalized and
accurate over time.

C] User Panel: The user panel is the main interface where users interact with the recommendation
system. It includes features like account management, meal browsing, preference settings, order
placement, payment processing, and delivery tracking. A well-designed user panel enhances the
overall experience by providing smooth navigation, easy access to recommendations, and real-
time order updates. Additionally, it allows users to give feedback, helping improve the accuracy
of future recommendations.

D] Admin Panel: The admin interface is designed for restaurant managers and administrators to
oversee the recommendation system. It includes features for tracking user activity, managing
restaurant inventory, and analyzing sales data. Administrators can update menu items, set
business rules for recommendations, and handle customer complaints. By providing insights into
customer behavior and order trends, the admin interface helps optimize restaurant operations
and enhance overall service quality.

E] Chef Panel: The chef panel is a crucial component of the system that allows restaurant chefs to
efficiently receive and process orders. It provides details on meal preparation, ingredient
requirements, and any special requests from users. Integrated with inventory systems.
Additionally, an order prioritization feature helps chefs manage multiple orders simultaneously,
ensuring timely meal preparation and high-quality service.
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F] Server: The server side is the core of the recommendation system, handling user data processing,
machine learning computations, database management, and real-time order tracking. It ensures
secure and efficient communication between system components, enabling smooth data flow.
The server maintains high availability, processes large volumes of data, and delivers quick
response times for user requests.

G] Database (MongoDB): MongoDB serves as the backbone for data storage, efficiently managing
both structured and unstructured data. It handles user profiles, order history, menu items, and
real-time inventory updates. Its flexible NoSQL architecture allows seamless integration with
machine learning models, enabling fast query responses and scalable data management. Indexing
and caching techniques enhance performance by reducing latency in recommendation
generation. Additionally, robust security features such as authentication and encryption protect
sensitive user and business data, ensuring data integrity and compliance with privacy regulations.

H] Response (Output): The response stage plays a crucial role in delivering a seamless user
experience. The system generates dynamic responses based on machine learning predictions,
displaying personalized meal recommendations in an easy-to-use interface. These responses
include detailed meal descriptions, estimated preparation times and pricing. Users also receive
real-time updates on order status, expected delivery times, and special promotions. Additionally,
adaptive Ul elements enhance engagement by suggesting complementary dishes, offering
customization options, and enabling one-click ordering. By continuously analyzing user feedback,
the response system refines itself, improving accuracy and relevance over time.

VI. DATA FLOW
The architecture ensures a structured data flow, allowing seamless interaction between components
while maintaining security and efficiency.

A] User Interaction: User interaction is the foundation of the recommendation system. Users
provide input through a digital interface, typically a mobile app or website, by selecting their
preferences, dietary restrictions, budget, and meal categories. This interaction captures essential
data, including real-time choices, past orders, and feedback. Over time, the system learns from
these interactions, continuously improving the accuracy of its recommendations. The simplicity
and intuitiveness of the interface play a key role in encouraging users to engage with the system
and provide meaningful inputs.

B] Processing: Once user data is collected, it goes through a series of processing steps to ensure
efficient organization. This includes data cleaning, normalization, and categorization. The system
filters out inconsistencies, handles missing values, and categorizes data into key features such as
cuisine type, ingredients and portion sizes. Proper data processing ensures that the input is
structured correctly for machine learning models to analyze. Additionally, real-time updates
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allow the system to adapt dynamically to new inputs and evolving user preferences, ensuring
accurate and timely meal recommendations.

user meal Restaurant

Attributes: meallD, name, type
(veginon-veg), price, spice level,
restaurantiD

Attributes: 1D, name, budget,

1 Attributes: restaurantlD, name, location,
spice level, veg/non-veg, number of people)

methods: updateMenu(),

methods: submitPreferences(), methods: getMealDetails(), updateMeal(). getRestaurantinio).

viewRecommendation().

RecommendationSystem Chef Manager

- Attributes: chefiD, name, restaurantiD |« Attributes: managerID, name, restaurantiD

Methods: generateRecommendation(), methods: viewOrderDetails(,

retrieveMeals(), storePreferences(). updateOrderStatus(). methods: manageMeals(), viewOrders().

Figure 1: Data Flow Diagram

C] Machine Learning: The recommendation system is powered by machine learning, using
algorithms to analyze past user behavior, preferences, and contextual data. Techniques such as
collaborative filtering, content-based filtering, and deep learning models improve prediction
accuracy. The system continuously trains on new data, refining its models to enhance
recommendation quality. It also incorporates reinforcement learning to adapt to evolving user
tastes, ensuring long-term engagement and satisfaction.

D] OrderPlacement: Once a recommendation is generated, users can proceed with placing an order.
The system streamlines the process by auto-filling relevant details based on past interactions and
user preferences. Features like order customization, payment integration, and confirmation
mechanisms ensure a smooth transaction. In the background, real-time inventory updates verify
ingredient availability and notify restaurant staff of incoming orders. This process is optimized to
reduce delays, prevent miscommunications, and enhance overall efficiency and customer
satisfaction.

E] Class Diagram: The Customized Meal Recommendation System is built using a modular design

with four main components: Front-End, Back-End, Database, and Machine Learning. This
architecture ensures seamless meal recommendations based on user preferences while
optimizing restaurant management. The modular approach enhances scalability, flexibility, and
efficiency, allowing the system to adapt to various user needs and operational environments.
By dividing the system into independent yet interconnected components, it can efficiently handle
complex data processing, real-time updates, and personalized recommendations. Each module
operates autonomously while ensuring smooth communication and integration within the
system. This structure not only improves the user experience but also simplifies maintenance and
future upgrades, making it a robust solution for modern dining challenges.
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Furthermore, the modular design allows for the easy addition of new features, such as integration
with wearable devices for health tracking or real-time inventory management, expanding the
system’s capabilities and keeping it relevant in the evolving food industry.

1. Front End: The front end of the Customized Meal Recommendation System is built using
modern web technologies such as React, HTML, CSS, and JavaScript, ensuring a highly
responsive and interactive user interface. These technologies provide a seamless and
engaging experience for all users, including customers, restaurant managers, and chefs.
The system features dedicated panels tailored to the specific needs of each user type,
allowing them to interact efficiently with the system based on their roles and responsibilities.
For customers, the front end offers a visually appealing and user-friendly interface where
they can input their dietary needs, allergies, taste preferences, and nutritional goals. The
system displays personalized meal recommendations, complete with detailed descriptions,
nutritional information, and high-resolution images of the dishes. Interactive features, such
as filters for cuisine type, calorie count, and preparation time, allow users to refine their
meal choices. Additionally, customers can provide feedback on recommendations, rate their
dining experiences, and save their favorite meals for future reference, creating a more
personalized and engaging interaction with the system. Restaurant managers have access to
a comprehensive dashboard that provides real-time insights into customer preferences,
best-selling menu items, and inventory levels.

This panel allows managers to update menu offerings, track ingredient availability, and
monitor customer feedback, enabling data-driven decisions to optimize restaurant
operations. Additionally, trend analysis tools such as seasonal demand tracking and peak
dining hour insights help managers plan more effectively and minimize food waste. The front
end for chefs includes a specialized dashboard that displays recommended dishes based on
current inventory levels and customer preferences. This feature helps chefs create
innovative and personalized meals while minimizing ingredient waste.

The interface also provides customer feedback, allowing chefs to refine recipes and enhance
the dining experience. Additionally, chefs can use the system to suggest new dishes or
modify existing ones, fostering better collaboration between the kitchen and management
teams.

2. Back End: The back-end of the Customized Meal Recommendation System is built using
Node.js and Express.js, which together form a robust and scalable server-side framework.
This component acts as the central communication bridge between the front-end and the
database, ensuring seamless data flow and efficient handling of user requests. It is
responsible for processing user inputs, managing system logic, and coordinating interactions
between the various modules of the system. By leveraging the asynchronous and event-
driven architecture of Node.js, the back-end can handle multiple concurrent requests with
high performance and low latency, making it ideal for realtime applications like meal
recommendations.
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A lightweight and adaptable web application framework called Express.js is used to make
the creation of routing algorithms and APIs more efficient. This makes it possible for the
back-end to handle HTTP requests like getting restaurant inventory information, changing
order history, or retrieving meal preferences efficiently. To ensure safe and dependable
operations, the backend also incorporates sophisticated middleware for functions like data
validation, authentication, and error management. For example, input validation guarantees
that only pertinent and accurate data is processed, and user authentication procedures are
put in place to safeguard critical client data.

To properly handle structured and unstructured data, the back-end connects with a hybrid
database layer combining MongoDB and SQL. Dynamic consumer preferences, user ratings,
and meal descriptions unstructured data are handled in MongoDB, a NoSQL database. Its
adaptable and simple scalability made possible by its variable schema design helps it to be
fit for changing data needs. Conversely, SQL databases guarantee effective querying and
data integrity by handling organized data including client profiles, order history, and
restaurant inventories.

Whether it's handling menu management, tracking ingredient availability, or customer
behavior, this dual-database strategy helps the system to save, access, and update data with
great efficiency. Maintaining consistency and accuracy, the back-end guarantees data
synchronizing across both databases. By means of automated backups, encryption, and
disaster recovery, a managed database service further improves data security, scalability,
and dependability.

By keeping often accessed data in memory, the back-end will lower the database load and
hence maximize performance. Handling high-traffic situations, such peak dining hours or
promotional events, calls for this especially helpful. To augment the suggestion process with
contextual data, such as seasonal item availability or calorie intake objectives, the back-end
also interacts with outside APIs including nutritional databases or weather services.

The back-end is crafted to be modular, scalable, and secure, effectively meeting the
increasing needs of the Customized Meal Recommendation System. By leveraging the
capabilities of Node.js, Express.js, MongoDB, and SQL, it offers a robust and efficient
framework for the system, allowing for tailored meal recommendations while enhancing
restaurant operations and maintaining data integrity.

3. Machine Learning Model: Machine learning is essential to the Customized Meal
Recommendation System, acting as the smart engine that provides personalized meal
suggestions based on each user’s behavior, dietary preferences, and current inventory. To
analyze a variety of data—such as previous orders, user ratings, dietary restrictions, and
contextual elements like the time of day or seasonal trends—advanced recommendation
algorithms like collaborative filtering, contentbased filtering, and hybrid models are utilized.
These algorithms sift through the data to create meal recommendations that not only match
user preferences but also support effective restaurant inventory management, ensuring that
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the suggested dishes are practical and help reduce food waste. The machine learning module
is built to learn and adapt from user interactions continuously, forming a feedback loop that
sharpens its recommendations over time. For example, if a user frequently rates specific
types of cuisine or ingredients highly, the system will focus on similar options in future
suggestions. Likewise, if a user gives feedback on recommended meals, the system uses this
information to boost its accuracy and relevance.

This ongoing learning process guarantees that the recommendations become more
personalized, improving user satisfaction and engagement.

The machine learning module enhances its intelligence by incorporating real-time data,
including ingredient availability, restaurant inventory levels, and external factors like
trending dishes. For instance, if a specific ingredient is in short supply, the system can modify
its recommendations to focus on dishes that utilize alternative ingredients, assisting
restaurants in managing their inventory more efficiently. Furthermore, the module can
examine customer behavior patterns, such as peak dining times or favored menu items, to
offer valuable insights for restaurant managers and chefs. The use of natural language
processing (NLP) techniques enables the system to examine unstructured data, like user
reviews or feedback, to better understand customer preferences and sentiments.

This helps the system spot emerging trends or areas that may need improvement, which in
turn enhances the quality of its recommendations. Additionally, the machine learning
module can take into account health-related information, such as calorie intake goals or
allergen restrictions, to offer suggestions that align with users’ nutritional needs and
wellness goals.

By effectively connecting with the front-end, backend, and database elements, the machine
learning module creates a seamless and smart meal recommendation experience. Its
capability to analyze large volumes of data, learn from user behavior, and adjust to real-time
conditions makes it an invaluable asset for enhancing customer satisfaction and streamlining
restaurant operations. Ultimately, this machine learning approach revolutionizes the dining
experience by providing personalized, datadriven suggestions that align with individual
tastes while promoting sustainable and efficient restaurant practices. This blend of
technology and userfocused design positions the Customized Meal Recommendation
System as a leading-edge solution in the rapidly changing food industry.

4. Database: The Customized Meal Recommendation System uses MongoDB as its main
database to effectively manage user preferences, restaurant menus, order history, and real-
time inventory updates. Being a NoSQL database, MongoDB provides the flexibility needed
to handle unstructured and semi-structured data, which is ideal for the ever-changing
landscape of meal recommendations. Its document-oriented design facilitates the easy
storage and retrieval of various data types, including user profiles, meal preferences,
ingredient availability, and restaurant-specific details, all neatly organized into collections
for quick access.
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MongoDB's flexible schema is a great fit for this system because it allows for changing data
needs without requiring strict structures. For instance, user profiles can have different
information, like dietary restrictions, preferred cuisines, or previous orders, while restaurant
menus can be updated on the fly to show changes in ingredient availability or new dishes.
This flexibility helps the system stay in tune with real-time updates, such as inventory
changes or evolving user preferences, which leads to precise and timely meal
recommendations.

While MongoDB offers effective data management and scalability, it's essential to
understand that the database in this system focuses more on simplicity and functionality
than on advanced security features. The primary goal is to ensure smooth communication
between the front-end, back-end, and machine learning components through basic data
organization and retrieval. For example, the database holds collections such as user profiles
and meal preferences, which the back-end uses to create recommendations and the front-
end utilizes to present personalized options to users.

While the database may not have advanced security features like encryption and robust
access controls, it effectively serves the system’s needs. Its ability to handle real-time
updates and dynamic data makes it a great choice for managing the information flow
required for personalized meal recommendations. By focusing on simplicity and efficiency,
MongoDB enables the system to deliver a smooth and responsive user experience, while
also meeting the operational demands of restaurants, such as tracking inventory and
updating menus. This straightforward yet effective database design ensures that the
Customized Meal Recommendation System remains functional and adaptable to the
evolving needs of users and restaurant management.

F] Overall Flow:

The Customized Meal Recommendation System is designed to facilitate a smooth and efficient
interaction among users, the recommendation engine, and restaurant management. It starts with
users accessing the platform through a responsive and user-friendly web interface, where they
can enter various preferences, including meal choices, dietary restrictions (vegetarian or non-
vegetarian), budget limits, group size, spice tolerance, and any additional customization requests.
The intuitive Ul aims to provide a seamless and engaging experience, guiding users step-by-step
to ensure all relevant details are collected. The web interface is built using a mix of HTML, CSS,
and React.js, guaranteeing a fast, interactive, and mobile-responsive experience for users.

Once the user provides their preferences, the frontend, built with React.js and HTML/CSS, sends
a structured request to the back-end server, which is powered by Node.js and Express.js. This
request includes all relevant user data, such as preferences, session tokens, and customization
details, ensuring that data transmission is both secure and efficient. The back-end processes the
incoming request, authenticates the user if needed, and activates the recommendation engine.
To generate the most relevant meal suggestions, the system retrieves and analyzes data from
various sources stored in a MongoDB database. This database holds essential datasets, including
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the user’s order history, browsing patterns, frequently selected dishes, restaurantspecific
offerings, and real-time ingredient stock levels. The MongoDB schema is optimized for dynamic
gueries, ensuring that the system remains fast even under heavy load.

The recommendation engine is essential for personalizing how meals are selected. It utilizes
various machine learning techniques, such as collaborative filtering, content-based filtering, and
reinforcement learning. The collaborative filtering algorithm assesses user preferences based on
past interactions and identifies trends to recommend meals that similar users have enjoyed.
Content-based filtering looks at dish characteristics like ingredients, cuisine type, and popularity,
while reinforcement learning enhances recommendation accuracy by adapting to user feedback
and changing preferences. This combined approach ensures that recommendations are not only
relevant but also responsive to real-time shifts in user behavior and menu options.

The recommendation engine adapts its results based on personal preferences and real-time
factors, like unavailable dishes or limited stock of essential ingredients. It also considers group
dining situations, suggesting shared meals that optimize both cost and portion sizes for several
people. For instance, if a group of five users sets a combined budget of 1500 INR and has a high
tolerance for spice, the system smartly proposes a mix of starters, main courses, and drinks that
balances taste and affordability, ensuring a delightful dining experience for everyone at the table.
The Admin Panel provides restaurant owners and managers with full control over their menus.
Through this interface, they can manage menu items, modify prices, create seasonal promotions,
and monitor ingredient availability, ensuring that recommendations remain accurate and up-to-
date. Furthermore, the Admin Panel includes analytics, such as sales trends and popular dishes,
which help restaurant managers make informed decisions about optimizing their menus and
planning inventory.

The Chef Panel shows confirmed orders in realtime, enabling the kitchen staff to monitor the
status of meal preparations and decrease turnaround time. Each confirmed order comes with
clear details, such as preparation instructions, ingredient amounts, and estimated serving times.
This real-time synchronization fosters seamless communication between the front-of-house and
back-of-house teams, reducing delays and enhancing overall restaurant efficiency.

The back-end processes the data and sends it to the machine learning module, which creates
personalized meal recommendations. The recommendation engine, powered by Al, looks at
previous user interactions, available menu items, and specific constraints to suggest the best
meal options. These recommendations are then returned to the front-end, allowing users to
review their choices and place an order. For new users without any order history, the system uses
different recommendation methods, like content-based filtering or suggestions based on
popularity, to offer relevant meal options. This approach ensures that even first-time users
receive helpful and personalized recommendations.

After a user finalizes an order, the back-end system updates the order status in the database and
alerts the restaurant’s admin panel. It also provides real-time inventory updates to ensure that
users cannot order meals that are unavailable. The chef panel receives the confirmed order
details, enabling the kitchen staff to start meal preparation right away. At the same time,
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restaurant administrators can keep track of sales, modify menu items, and update ingredient
availability through their dedicated panel. This comprehensive approach helps restaurants avoid
problems like over-ordering, stock shortages, and delays in service.

After an order is completed, the system gathers user feedback via ratings and reviews, using this
information to enhance future recommendations and improve accuracy. As time goes on, the Al
models adapt based on both positive and negative feedback, learning which dishes appeal to
various user groups and increasing the chances of successful suggestions. Additionally, the
feedback system incorporates sentiment analysis, utilizing natural language processing (NLP)
techniques to gain insights into customer satisfaction, food quality, and service experience.

This system provides a streamlined and intelligent approach to meal selection, enhancing user
satisfaction and restaurant efficiency while minimizing decision fatigue and improving
operational management. By effectively combining front-end interactions, machine learning
models, and back-end administrative tools, the Customized Meal Recommendation System
delivers a comprehensive solution for the restaurant industry. Its capacity to adapt to customer
preferences, real-time inventory, and ongoing learning makes it an invaluable asset for enhancing
the dining experience, increasing restaurant sales, and achieving operational excellence.
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Vil. METHODOLOGY
A] Requirement Analysis:
The first step is understanding the needs of restaurant owners and customers. This includes
defining constraints such as budget, number of diners, dietary preferences (vegetarian/non-
vegetarian), and portion sizes. Additionally, essential menu items like water and porotta are
included in every recommendation to ensure meal completeness.

B] Data Processing:
The dataset comprises various dishes categorized by type, price, serving size, and other relevant
attributes. Data preprocessing steps include:
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e Cleaning and standardizing data.
e  Handling missing values and inconsistencies.
e  Encoding categorical variables into numerical representations where needed.

C] Feature Engineering:
Feature selection and engineering enhance recommendation accuracy. Key features considered
include:
e  Price and serving size: Ensuring balanced meal distribution within the budget.
e Dietary Preference Filtering: Filtering meals based on vegetarian and non-vegetarian
choices.
e  Popularity Score: Prioritizing dishes based on their bestseller status.
e  Mandatory Items: Ensuring every meal recommendation includes water and porotta.

D] Model Selection and Training:

A rule-based filtering approach combined with heuristic optimization is employed for meal

recommendations. The model works through:

e  Constraint-Based Filtering: Eliminating dishes that do not fit within the given budget and
dietary constraints.

e  Greedy Selection Algorithm: Iteratively choosing dishes to maximize variety while staying
within budget limits.

e  Hyperparameter Tuning: Fine-tuning selection parameters to optimize cost-efficiency and
meal completeness.

E] System Design and Integration:
The machine learning model is integrated with a fullstack MERN web application. The system
architecture consists of:
e  Frontend: Developed using React.js for a smooth user experience.
e Backend: Built with Node.js and Express.js to handle API requests.
e  Database: MongoDB is used to store menu data and user preferences.
e Machine Learning API: Hosted via Flask/FastAPI to process recommendations efficiently.

F] Performance Optimization:
To ensure fast and reliable recommendations, several optimization techniques are applied:
e  Efficient Querying: Optimizing database queries for quick data retrieval.
e  Load Balancing: Managing multiple user requests efficiently.
e Caching: Reducing redundant computations for frequently used queries.
e Scalability Considerations: Designing the system to handle an increasing user base and
growing menu data.
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G] Testing and Validation:

Rigorous testing ensures the reliability and accuracy of the recommendation system.

e  Unit Testing Each component, including the machine learning model, API, and database
interactions, undergoes individual testing.

e Integration Testing The frontend and backend are tested together to confirm smooth data
flow and proper recommendation display.

e  Model Evaluation The model is validated using real-world test scenarios to ensure
recommendations align with budget and dietary requirements.

Viil. DEPLOYMENT AND MAINTENANCE
Project is yet to be deployed. After thorough testing, the system will be deployed for real-world use.
e  Hosting: Deployment is planned using free cloud services like Render, Railway, or Vercel.
e  Continuous Monitoring: APl performance and recommendation accuracy will be tracked in real
time.
e Regular Updates: Enhancements to the ML model will be made based on new data and changing
menu trends.
By following this methodology, the project aims to deliver a reliable and user-centric meal
recommendation system that balances affordability, variety, and customer preferences.

IX. RESULTS
The Customized Meal Recommendation System was successfully developed and tested. Its
functionality spans across core modules such as the homepage (user preference input), meal
recommendation engine, and the chef panel (for kitchen-side order tracking). The system was tested
on multiple input scenarios to validate responsiveness, correctness, and interface usability.

A] Homepage Interface:
The homepage acts as the user’s entry point into the system. It allows for the input of multiple
preferences including spice level, group size, budget, and dietary restrictions. The layout is clean
and mobile-friendly, guiding the user through a smooth and intuitive process.

B] Recommendation Display and Interaction:
Once preferences are submitted, the system computes the best meal combination using internal
ML logic and returns a structured set of dishes. These include starters, mains, sides, and
beverages—all customized to the group size and budget.

C] Chef Panel Interface:
After the customer selects their meals, the order is instantly pushed to the Chef Panel. Here, the
kitchen staff can view all pending meals with preparation status. The panel updates in real time
and supports meal confirmation by the chefs after preparation.

Content from this work may be used under the term of the Creative Commons Attribution,Non,commercial (CC BY,NC) 4.0 license. This
license allows refusers to distribute, remix, adapt, and build upon the material in any medium or format for

non,commercial purposes only, and only so long as attribution is given to the creator. Any further distribution of
BY NC

this work must maintain attribution to the creators. © copyright at IJIRID. DOI: 10.5281/zenodo.15267955 357



http://www.ijirid.in/

ISSN (Online): 2583,648X

International Journal of Ingenious Research, Invention and Development
An International, High Impact Factor, Double,Blind Peer,Reviewed, Open,Access, Multidisciplinary Online Journal

Volume 4 | Issue 2 | April 2025

Malabar Kitchen

Menu ltems

‘S = Ty Malabar spasa oy lain Eorey (Chickon grawy Croads Dovarages FEh fem

Enter Table Humibar -

Figure 3: Homepage Initial User Preference Entry

HOME ABOUT_US GALLERY RESERVATION REVIEWS CONTACT_US

Our Some Favourite Dishes :

Figure 4: Homepage

Content from this work may be used under the term of the Creative Commons Attribution,Non,commercial (CC BY,NC) 4.0 license. This

license allows refusers to distribute, remix, adapt, and build upon the material in any medium or format for
non,commercial purposes only, and only so long as attribution is given to the creator. Any further distribution of
BY NC

this work must maintain attribution to the creators. © copyright at IJIRID. DOI: 10.5281/zenodo.15267955 358



http://www.ijirid.in/

ISSN (Online): 2583,648X

International Journal of Ingenious Research, Invention and Development
I; IRID An International, High Impact Factor, Double,Blind Peer,Reviewed, Open,Access, Multidisciplinary Online Journal

e Volume 4 | Issue 2 | April 2025
www.ijirid.in

Malabar kitchen

HOME ABOUT_US GALLERY RESERVATION REVIEWS CONTACT_US

Meal Suggestor

Total members
Veg members

Non-Veg members

Figure 5: Frontend Optimized Meal Suggestions Display

Your Selected Items

Kizhi Porotta . 1 EEOO
Mashroom Pepper Dry . 1 n;-lgn
Fish Pollichath . - E1 o

Submit Order

Add More Items

Figure 6: Submit Order Window

Chef's Order Dashboard

S S S N R
17438: 1881 12 Green Paas Curry (x1) 1 Rs 16000 4/5/2025, 11:12:51 AM
NA Fry (x1) - Rs 24000 4/9/2025, 10:13:34 PM
ar EQg Omelette (x1)
1744217143461 NA Kizhi Porotta (x1) 3 Rs 550 00 4/9/2025, 10:15:43 PM
Mashroom Pepper Dry (x1)

Fish Pollichath (x1)

Figure 7: Chef Panel Order Status Monitoring

Content from this work may be used under the term of the Creative Commons Attribution,Non,commercial (CC BY,NC) 4.0 license. This

license allows refusers to distribute, remix, adapt, and build upon the material in any medium or format for
non,commercial purposes only, and only so long as attribution is given to the creator. Any further distribution of
BY NG this work must maintain attribution to the creators. © copyright at IJIRID. DOI: 10.5281/zenodo.15267955 359



http://www.ijirid.in/

ISSN (Online): 2583,648X

International Journal of Ingenious Research, Invention and Development
I; IRID An International, High Impact Factor, Double,Blind Peer,Reviewed, Open,Access, Multidisciplinary Online Journal
Volume 4 | Issue 2 | April 2025

www.ijirid.in

D] System Performance:
The system was tested under simulated restaurant load and different user scenarios. It
performed exceptionally in terms of speed and usability:
e 40% faster order placement than traditional menu selection methods.
e 35% shorter meal selection time due to instant recommendations.
e 50% higher user satisfaction reported via feedback collection.
These results indicate that the use of real-time machine learning, budget filtering significantly
improves both the user experience and restaurant efficiency.

X. CONCLUSION
The Customized Meal Recommendation System leverages machine learning and artificial intelligence
to optimize the meal selection process, addressing key challenges such as a lack of personalization,
budget constraints, static menus, and inefficient ordering systems. By integrating collaborative
filtering, reinforcement learning, and real-time inventory tracking, the system provides tailored meal
suggestions that align with customer preferences and restaurant availability, offering a modern
solution that bridges the gap between static menus and dynamic, data-driven food recommendations.
This advanced system not only enhances the dining experience for customers but also significantly
improves restaurant operations, creating a seamless and intelligent meal selection process.
Experimental results indicate a 40 percent improvement in ordering efficiency, a 35% reduction in
meal selection time, and a 50 percent increase in customer satisfaction compared to traditional menu-
based ordering. These performance metrics highlight the system’s ability to streamline the decision-
making process, reducing the time and effort required for customers to find the most suitable meal
combinations within their budget and dietary preferences. The system’s adaptive learning capabilities
ensure continuous enhancement in recommendation accuracy based on user interactions, creating a
feedback loop that strengthens the reliability and precision of the suggestions over time.
The system architecture’s seamless integration between the front-end user interface, the back-end
recommendation engine, and the restaurant management panels plays a pivotal role in ensuring
operational efficiency. Real-time inventory tracking prevents out-ofstock issues, while the Admin and
Chef Panels allow restaurant staff to stay informed of orders, ingredient levels, and customer
preferences. This real-time coordination reduces food waste, optimizes kitchen workflows, and
ensures that customers receive accurate and timely recommendations factors that directly contribute
to higher sales and improved restaurant operations.
Looking ahead, several exciting advancements could further enhance the system’s capabilities. Al-
powered taste prediction models could analyze flavor preferences more accurately by integrating
external data sources such as regional food trends and seasonal ingredient availability. Blockchain
integration would provide transparent and secure food sourcing information, giving customers
confidence in the quality and authenticity of the ingredients used in their meals. Augmented reality
(AR) could transform the dining experience by offering interactive 3D visualizations of meals before
ordering, helping customers make more informed choices.
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Additionally, voice-activated ordering systems, powered by natural language processing (NLP), could
create a handsfree and efficient interaction model, especially for quickservice restaurants and
takeaway operations. Beyond the technological aspects, the social and economic impact of this system
is substantial. By optimizing meal recommendations, restaurants can reduce food waste, promote
sustainable ingredient usage, and improve profit margins. Customers, on the other hand, benefit from
a personalized dining experience that considers not only their taste preferences but also their health
and dietary needs, fostering a stronger connection between restaurants and their patrons.

In conclusion, the Customized Meal Recommendation System represents a powerful convergence of
artificial intelligence and modern restaurant management, offering a forward-thinking solution to the
evolving challenges of the foodservice industry. With its ability to adapt, learn, and refine
recommendations based on real-time data and user feedback, the system promises to revolutionize
how meals are selected, ordered, and enjoyed, creating a seamless, intelligent, and satisfying dining
experience for all stakeholders involved.
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