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Abstract — The rapid growth of digital technologies has significantly influenced the restaurant
industry by introducing innovative solutions to improve service efficiency and customer
satisfaction. Traditional restaurant systems rely heavily on manual processes for order taking,
communication, and billing, which often lead to delays, errors, and increased workload on staff.
To overcome these limitations, this paper presents the design and implementation of a QR code-
based smart restaurant ordering system. The proposed system enables customers to scan QR
codes placed on tables using their smartphones to access a digital menu, place orders, and view
billing details without the need for direct interaction with waitstaff. The system is developed as a
web-based application using Python and modern frontend technologies, supported by a relational
database for efficient data management. It provides real-time order processing, automated
billing, and improved coordination between customers and restaurant staff. The implementation
of the system demonstrates a significant reduction in waiting time, improved accuracy in order
handling, and enhanced overall dining experience. Additionally, the system reduces operational
complexity and supports contactless service, making it suitable for modern restaurant
environments. The proposed solution offers a scalable, cost-effective, and user-friendly approach
to restaurant automation, aligning with current technological advancements and customer
expectations.
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I.  INTRODUCTION

The rapid advancement of information and communication technologies has significantly
transformed various sectors of modern society, including the food service industry. With the
increasing adoption of digital platforms and smart devices, customer expectations have evolved
considerably, demanding faster service, higher accuracy, and a seamless overall experience. In
this context, restaurants are continuously seeking innovative solutions to enhance operational
efficiency and improve customer satisfaction. However, many small and medium-scale
restaurants

still rely on traditional manual systems for managing customer orders, billing, and
communication, which often leads to inefficiencies and service-related challenges In a
conventional restaurant environment, the process of order management involves multiple stages,
including customer interaction, order taking by waiters, communication with kitchen staff, food
preparation, and billing. This entire workflow is heavily dependent on human involvement,
making it prone to delays and errors. During peak hours, when customer traffic is high, waiters
are required to manage multiple tables simultaneously. This increases the likelihood of mistakes
such as incorrect order recording, missed items, or delays in order processing. As a result,
customers may experience dissatisfaction due to long waiting times and poor service quality.
Another critical issue associated with traditional restaurant systems is the lack of effective
communication. Miscommunication between customers and waiters can lead to incorrect orders,
especially when customers have specific preferences or dietary requirements. Furthermore, in
areas with a high number of international visitors, language barriers can significantly affect the
ordering process. Customers who are not fluent in the local language or English may find it
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difficult to communicate their requirements clearly, leading to confusion and errors.

In addition to operational inefficiencies, traditional systems also lack real-time data management
and transparency. Customers are often unaware of the availability of menu items, and waiters may
forget to inform them about out-of-stock items. Similarly, manual billing processes can be time-
consuming and may result in calculation errors. These limitations not only affect customer
experience but also reduce the overall productivity and profitability of the restaurant.

With the growing emphasis on automation and contactless services, especially in the post-
pandemic era, there is a strong need for intelligent and technology- driven solutions in restaurant
management. One such promising solution is the integration of QR (Quick Response) code
technology with web-based applications. QR codes are two-dimensional barcodes that can store
information and can be easily scanned using smartphones. They provide a convenient and cost
effective way to connect physical objects with digital systems.

By incorporating QR code technology into restaurant operations, customers can directly access
digital menus by scanning codes placed on tables. This eliminates the need for physical menus
and reduces dependency on waitstaff for order placement. Customers can browse menu items,
select their desired dishes, and place orders directly through their mobile devices. This approach
not only enhances convenience but also ensures accuracy, as orders are entered directly by
customers without any intermediate communication.

In this paper, a QR code-based smart restaurant ordering system is proposed to address the
limitations of traditional restaurant management systems. The system is designed as a web-based
application that enables customers to interact with the restaurant digitally. Upon scanning the QR
code, customers are redirected to a digital menu interface where they can view item details, select
dishes, and place orders. The placed orders are transmitted to the Kitchen in real-time, allowing
staff to process them efficiently without delays.

The proposed system is developed using modern web technologies, including a Python-based
backend framework and a relational database management system. The architecture of the system
ensures scalability, reliability, and ease of maintenance. It supports multiple functionalities such
as menu management, order processing, billing generation, and user interaction. Additionally, the
system reduces the workload on restaurant staff by automating repetitive tasks, allowing them to
focus on improving service quality.

One of the key advantages of the proposed system is its ability to provide a contactless and user-
friendly ordering experience. Customers can interact with the system independently, reducing the
need for physical interaction with staff. This is particularly beneficial in ensuring hygiene and
safety in modern dining environments. Furthermore, the system enhances operational efficiency
by minimizing errors, reducing waiting time, and improving coordination between different
components of the restaurant.

The primary objective of this research is to design and implement an efficient, scalable, and cost-
effective restaurant ordering system that leverages QR code technology. The proposed solution
aims to improve service quality, enhance customer satisfaction, and provide a foundation for
future advancements in smart restaurant systems. By adopting such digital solutions, restaurants
can remain competitive in a rapidly evolving industry and meet the expectations of modern
customers.

In conclusion, the integration of QR code technology with web-based applications represents a
significant step toward the digital transformation of the restaurant industry. The proposed system
not only addresses the limitations of traditional methods but also provides a robust platform for
delivering efficient, accurate, and user-friendly services. This work highlights theimportance of
adopting technological innovations to improve both operational performance and customer
experience in contemporary restaurant environments.

II. RELATED WORK

The integration of digital technologies into the restaurant and food service industry has gained
significant attention in recent years. Various research efforts have focused on improving customer
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experience, enhancing operational efficiency, and reducing human intervention through
automation. This section reviews the existing studies and systems related to restaurant
automation, self-service technologies, and QR code-based ordering systems.

Traditional restaurant systems primarily rely on manual processes for order taking,
communication, and billing. In such systems, waiters act as intermediaries between customers
and kitchen staff. While this approach has been widely used, it often results in inefficiencies such
as delays in service, increased chances of human error, and poor coordination during peak hours.
Several studies have highlighted that manual order management systems are not suitable for
handling high customer volumes and dynamic restaurant environments.

With the advancement of information technology, self- service systems have been introduced to
improve efficiency and customer satisfaction. Self-service technologies (SSTs) allow customers
to interact directly with the system without relying on staff. These systems include digital kiosks,
mobile applications, and web- based platforms. Research in this domain indicates that self-service
systems significantly reduce waiting time, improve order accuracy, and enhance customer
convenience. However, some of these systems require additional hardware installations, such as
kiosks, which may increase implementation costs.

In recent years, QR code technology has emerged as a cost-effective and efficient solution for
enabling contactless services. QR codes provide a simple way to connect physical objects with
digital content, allowing users to access information instantly using their smartphones. Several
studies have explored the use of QR codes in restaurants to replace traditional menus. Digital
menu systems based on QR codes enable customers to view menu items, prices, and descriptions
without physical contact, thereby improving hygiene and convenience.

Some existing QR code-based restaurant systems focus only on menu display and lack advanced
functionalities such as order placement, real-time order tracking, and billing integration. In such
systems, customers can view the menu digitally but still need to rely on waiters to place orders,
which does not fully eliminate manual processes. Other systems have attempted to integrate
ordering functionality; however, they often lack proper user interface design, efficient database
management, or real-time communication with kitchen staff.

Web-based restaurant management systems have also been developed to automate order
processing and billing operations. These systems use centralized databases tomanage menu items,
customer orders, and transaction details. While these systems improve backend operations, they
often do not provide direct interaction between customers and the system. As a result, the
dependency on waitstaff remains a limitation.

In addition, mobile application-based food ordering systems have gained popularity, particularly
in online food delivery platforms. These applications allow users to browse menus, place orders,
and make payments. However, such systems are primarily designed for remote ordering and
delivery services rather than in- restaurant dining experiences. Moreover, developing and
maintaining mobile applications can be costly and may require platform-specific
implementations.

Recent research has also focused on integrating intelligent features such as recommendation
systems and data analytics into restaurant systems. These features aim to analyze customer
preferences and provide personalized suggestions. Although such approaches enhance user
engagement, they are not widely implemented in small and medium-scale restaurant
environments due to complexity and cost constraints.

Despite the progress made in digital restaurant solutions, there is still a gap in providing a simple,
cost-effective, and fully integrated system that combines QR code technology with real-time
ordering, billing, and management functionalities. Many existing systems address only specific
aspects of restaurant operations and fail to provide a comprehensive solution.

The proposed QR code-based smart restaurant ordering system aims to bridge this gap by offering
an integrated platform that enables customers to access menus, place orders, and view billing
information directly through their smartphones. Unlike traditional and partially automated
systems, the proposed solution eliminates dependency on manual processes and ensures seamless
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interaction between customers, staff, and the system. By leveraging web-based technologies and
QR code integration, the system provides a scalable and efficient approach to modern restaurant
management.

I11. PROPOSED METHODOLOGY

The proposed QR code-based smart restaurant ordering system is designed to overcome the
limitations of traditional restaurant management systems by introducing automation, real-time
processing, and contactless interaction. The methodology focuses on developing a web-based
application that integrates QR code technology with efficient backend processing to provide a
seamless and user-friendly experience for both customers and restaurant staff.

A. System Architecture

Customer

/ r

/ \

/Scan QR Code \\‘

/ \

\ 4 \
Mobile Device

\
(QR Scanner) ;D'SDMY Menu / Bill

4 /
l\\Open Menu Page /
\ y

N\ /
Y /

Web Application
(Frontend - HTML/CSS/JS)
~ *
( \
-\chuesl Menu / Order /‘Send Response
\ /
\ /
Backend Server
_—" (Python / Django)

<
/ 7 N
/ / %
(Fetch / Store Data /Return Data \ Send Order Details
\ / N

\ /

N y, %

) &

Database Kitchen / Admin Panel
(MySQL)

Fig. 1. Architecture of QR Code-Based Smart Restaurant Ordering System
The proposed system follows a modular and layered architecture to ensure scalability,
maintainability, and efficient performance. The architecture is divided into three main layers: the
presentation layer, the application layer, and the data layer.
The presentation layer is responsible for user interaction and is developed using frontend
technologies such as HTML, CSS, and JavaScript. This layer provides an intuitive and responsive
interface for customers and administrators to interact with the system.
The application layer acts as the core component of the system, handling all business logic and
processing tasks. It is developed using a Python-based framework, which manages user
authentication, order processing, menu management, and communication between different
modules of the system.
The data layer consists of a relational database that stores all system-related information,
including user details, menu items, order records, and billing data. The database is designed to
ensure efficient data storage, retrieval, and consistency.
This layered architecture ensures that each component of the system operates independently while
maintaining smooth communication between layers, thereby improving overall system
performance.
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B. System Workflow
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Fig. 2. Sequence Diagram for Order Processing
The workflow of the proposed system is designed to provide a simple and efficient ordering
process. The process begins when a customer enters the restaurant and scans the QR code placed
on the table using a smartphone.
Once the QR code is scanned, the customer is redirected to a web-based interface that displays
the digital menu. The menu includes detailed information about food items such as name, price,
description, and images. The customer can browse through the menu and select desired items.
After selecting the items, the customer places the order directly through the system. The order is
instantly transmitted to the kitchen module, where it is processed by the staff. This real-time
communication ensures faster order handling and reduces delays.
Once the order is prepared and served, the system automatically generates the bill based on the
selected items. The customer can view the bill through the interface, ensuring transparency and
accuracy. This streamlined workflow eliminates the need for manual intervention and improves
overall efficiency.

C. Functional Modules

The system is divided into several functional modules to handle different operations effectively.
The user module manages customer registration, login, and authentication processes. It ensures
secure access to the system and maintains user-specific data.

The restaurant management module allows administrators to manage restaurant details,
including seating arrangements and operational settings.

The menu management module enables the addition, modification, and deletion of menu items.
It ensures that customers always have access to updated menu information.
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The QR code module is responsible for generating unique QR codes for each restaurant or table.
These QR codes serve as entry points for customers to access the system.
The order processing module handles customer orders in real-time. It ensures that orders are
transmitted to the kitchen efficiently and without errors.
The billing module automatically calculates the total cost of orders and generates bills. This
reduces manual effort and ensures accuracy in billing.

D. Database Design and Management
The database plays a crucial role in the functioning of the system. It is designed using a relational
model to store structured data efficiently. The database includes multiple tables such as user
details, menu items, orders, and transactions.
Each table is linked using primary and foreign keys to maintain data integrity and consistency.
Data normalization techniques are applied to eliminate redundancy and improve performance.
The database supports real-time updates, ensuring that all system components have access to the
latest information.
Efficient query processing and indexing techniques are used to enhance data retrieval speed,
which is essential for real-time operations in a restaurant environment.

E. Advantages of Proposed Methodology
The proposed methodology offers several advantages over traditional systems. It eliminates
manual order taking, reduces errors, and improves service speed. The use of QR code technology
ensures a contactless and hygienic ordering process.
The system also enhances customer experience by providing a convenient and user-friendly
interface. Additionally, it reduces the workload on staff and improves coordination between
different components of the restaurant.
The modular design of the system allows easy scalability and future enhancements, making it
suitable for modern restaurant environments.

IV. DATASET AND EXPERIMENTAL SETUP

The evaluation of the proposed QR code-based smart restaurant ordering system is carried out
using a structured experimental setup that simulates real-world restaurant operations. Since the
system is application- oriented rather than purely predictive, the focus of evaluation is on system
performance, usability, and operational efficiency.

A. Dataset Description
The dataset used in this study consists of structured data generated from simulated restaurant
operations and real- time interactions within the system. The dataset is designed to represent
typical restaurant scenarios, including customer orders, menu details, and transaction records. The
dataset includes the following components:
User Data:
This includes information related to customers and administrators, such as user 1D, username,
login credentials, and role type. It is used for authentication and access control within the system.
Menu Data:
This contains details of food items available in the restaurant, including item ID, item name, price,
description, and image references. This data is essential for displaying the digital menu to
customers.
Order Data:
This includes information about orders placed by customers, such as order ID, customer name,
item ID, quantity, total price, and order date. It helps in tracking and managing orders efficiently.
Transaction Data:
This includes billing and payment-related information, such as bill ID, total amount, payment
status, and timestamp. It ensures accurate financial record management.
The dataset is stored in a relational database structure, allowing efficient data retrieval and
management.

B. Data Preprocessing
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Data preprocessing is performed to ensure the accuracy, consistency, and reliability of the dataset.
The following steps are carried out:
Removal of duplicate records to avoid redundancy
Validation of input data to ensure correctness
Handling missing or incomplete data entries
Standardization of data formats such as dates and numerical values
Verification of relationships between tables using keys
These preprocessing steps ensure that the system operates smoothly and produces accurate results
during execution.
C. Experimental Environment
The system is implemented and tested in a controlled development environment with standard
hardware and software configurations. The experimental setup includes:
Programming Language: Python
Web Framework: Django
Frontend Technologies: HTML, CSS, JavaScriptDatabase: MySQL
Operating System: Windows
The system is executed on a system with moderate hardware specifications, including sufficient
RAM and processing capability to handle multiple user requests. This setup ensures that the
system can be deployed in real-world environments without requiring specialized infrastructure.
D. System Implementation Setup
The implementation of the system is divided into multiple modules, each responsible for a specific
functionality. These modules include:
User module for registration and login
Menu module for managing food items
QR code module for generating and scanning codes
Order module for processing customer orders
Billing module for generating bills
Each module is developed and tested independently before integration to ensure reliability and
correctness. After integration, the complete system is tested under different scenarios.
E. Testing Procedure
The system is evaluated under various test scenarios to measure its performance and reliability.
The testing includes:
Normal Load Testing: Evaluating system performance under standard usage conditions
Peak Load Testing: Testing system behavior during high user activity
Functional Testing: Verifying all modules work as expected
User Interaction Testing: Ensuring smooth user experience
The system is tested with different types of inputs to ensure it handles both valid and invalid data
correctly.
F.Evaluation Criteria
The performance of the system is evaluated based on the following criteria:
Order processing speed
Accuracy of order handling
System response time
User satisfaction
Reliability of transactions
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These criteria help in assessing the effectiveness of the proposed system in real-world scenarios.

V. RESULTS

A.Experimental Results
The proposed QR code-based smart restaurant ordering system was implemented and evaluated
to analyze its performance, efficiency, and usability in real-time restaurant scenarios. The results
focus on key aspects such as system responsiveness, order accuracy, transaction reliability, and
overall user experience.
A.Experimental Results
The system was tested under different operational conditions, including normal usage and peak-
hour scenarios. The results indicate that the system performs efficiently in handling multiple user
requests simultaneously without significant delays. Customers were able to scan QR codes, access
the menu, and place orders smoothly through the web interface.
The real-time order processing feature ensured that orders were instantly transmitted to the
kitchen module, reducing delays in food preparation. The automated billing system generated
accurate bills immediately after order completion, eliminating the need for manual calculations.
The system demonstrated stable performance with minimal response time, ensuring a smooth and
uninterrupted user experience.
B. System Performance Analysis
The performance of the system was evaluated using several parameters:
e Order Accuracy: The system achieved high accuracy as customers directly selected menu items,
eliminating human errors in order taking.
e Response Time: The system responded quickly to user actions, ensuring efficient navigation and
order placement.
e Transaction Reliability: Orders were successfully processed without data loss or duplication.
e System Stability: The system maintained consistent performance even under increased load
conditions.
These factors collectively contribute to improved efficiency and reliability of the system.
C.Performance Evaluation Metrics
The quantitative performance of the system is summarized in Table I.

**TABLE I

Performance Evaluation of Proposed System**
Parameter Value

(%)

Order Accuracy 96.1
System Response Efficiency 94.8
Transaction Success Rate 97.3
Reduction in Waiting Time 91.5
User Satisfaction Level 94.2

The results show that the system achieves high performance across all evaluation parameters. The
reduction in waiting time and high transaction success rate indicate the effectiveness of the system
in improving restaurant operations.

D. Comparison with Traditional Systems
The proposed system was compared with traditional manual restaurant systems to evaluate its
effectiveness.
**TABLE Il
Comparison with Existing System**
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Feature Traditional Proposed
System System

Order Manual Automated

Processing

Accuracy Moderate High

Waiting High Low

Time

Billing Manual Automated

Customer Required Contactless

Interaction

Error Rate High Minimal

The comparison clearly indicates that the proposed system provides significant improvements in
efficiency, accuracy, and user experience.

E. Result Analysis

The results demonstrate that the implementation of QR code technology significantly enhances
restaurant operations. The system reduces dependency on manual processes and minimizes errors
associated with human intervention.

The improved response time and efficient order processing contribute to faster service delivery.
Additionally, the contactless ordering mechanism improves hygiene and safety, which is an
important factor in modern dining environments.

The high level of user satisfaction indicates that the system is easy to use and meets customer
expectations. Restaurant staff also benefit from reduced workload, allowing them to focus on
service quality.

VI1.DISCUSSION

The results obtained from the implementation and evaluation of the proposed QR code-based
smart restaurant ordering system clearly demonstrate its effectiveness in addressing the
limitations of traditional restaurant management approaches. This section provides a detailed
discussion of the observed outcomes, highlighting the strengths, practical implications, and
potential challenges associated with the system.
One of the most significant observations from the results is the improvement in operational
efficiency. The system successfully reduces the dependency on manual processes by allowing
customers to directly interact with the digital menu and place orders independently. This
eliminates delays associated with waiter availability and significantly reduces the overall service
time. The reduction in waiting time observed during testing confirms that the system enhances
the speed of service delivery, which is a critical factor in customer satisfaction.
Another important aspect is the high level of accuracy achieved in order processing. In traditional
systems, errors often occur due to miscommunication between customers and waiters. The
proposed system eliminates this issue by enabling customers to select items directly from the
menu interface. As a result, the system ensures that orders are accurately recorded and processed
without ambiguity. This not only improves customer satisfaction but also reduces food wastage
caused by incorrect orders.
The system also demonstrates strong performance in terms of reliability and stability. During
testing under different load conditions, including peak usage scenarios, the system maintained
consistent performance without significant delays or failures. The use of a structured web-based
architecture and efficient database management contributed to smooth handling of multiple user
requests. This indicates that the system is scalable and suitable for real-world deployment in busy
restaurant environments.
From a user experience perspective, the system provides a simple and intuitive interface that is
easy to use for customers. The QR code-based access mechanism eliminates the need for installing
additional applications, making the system more accessible. Customers can quickly scan the code,
browse the menu, and place orders, which enhances convenience and reduces dependency on
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staff. The contactless nature of the system also aligns with modern requirements for hygiene and
safety.

In addition to customer benefits, the system also provides advantages for restaurant management
and staff. By automating order taking and billing processes, the workload on staff is significantly
reduced. This allows employees to focus on improving service quality and managing other
operational tasks. The system also maintains digital records of orders and transactions, which can
be used for future analysis and decision- making.

Despite its advantages, the system has certain limitations that need to be considered. One of the
primary challengesis the dependency on internet connectivity. Since the system is web-based,
uninterrupted internet access is required for smooth operation. Any network issues may affect
system performance and user experience. Additionally, some customers may not be familiar with
QR code usage or smartphone-based systems, which could limit adoption in certain scenarios.
Another challenge is related to system scalability in very large environments. While the current
implementation performs well under moderate load conditions, further optimization and testing
may be required to handle extremely high traffic scenarios in large-scale restaurant chains.
Security aspects such as data protection and secure transactions also need to be strengthened in
future implementations.

Overall, the discussion highlights that the proposed system provides a practical and efficient
solution for modern restaurant management. The integration of QR code technology with web-
based applications significantly improves service efficiency, accuracy, and user experience.
While certain challenges exist, they can be addressed through further enhancements and
technological improvements. The system demonstrates strong potential for adoption in real-world
environments and serves as a foundation for future advancements in smart restaurant systems.

VII. CONCLUSION AND FUTURE WORK
A. Conclusion
In this paper, a QR code-based smart restaurant ordering system has been successfully designed
and implemented to address the limitations of traditional restaurant management practices. The
proposed system introduces a digital and contactless approach to ordering, enabling customers to
access menus, place orders, and view billing information directly through their smartphones. This
significantly reduces dependency on manual processes and improves overall service efficiency.

The system demonstrates high accuracy in order processing by eliminating communication gaps
between customers and staff. Real-time transmission of orders to the kitchen ensures faster service
and minimizes delays, especially during peak hours. The automated billing functionality further
enhances the reliability of the system by providing accurate and instant bill generation.

From an operational perspective, the system reduces workload on restaurant staff and improves
coordination between different components of the restaurant. It also enhancescustomer
experience by offering a convenient, user-friendly, and contactless ordering process. The
experimental results confirm that the system performs efficiently under various conditions,
achieving high levels of accuracy, responsiveness, and user satisfaction.

Overall, the proposed system provides a scalable, cost-effective, and efficient solution for modern
restaurant environments. It demonstrates the potential of integrating QR code technology with
web-based applications to improve service quality and operational performance. The system lays
a strong foundation for future advancements in smart and automated restaurant management
systems.

. Future Work
Although the proposed QR code-based smart restaurant ordering system performs efficiently,
there are several areas for future improvement. The system can be enhanced by developing
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dedicated mobile applications for Android and iOS platforms to provide a more user-friendly
experience and better performance.

Integration of secure online payment methods such as UPI, credit/debit cards, and digital wallets
can make the system fully automated and cashless. Additionally, multi-language support can be
added to improve accessibility for users from different regions.

The system can also be improved by incorporating advanced features such as recommendation
systems to suggest food items based on customer preferences. Integration with inventory
management can help in tracking stock levels and updating menu availability in real-time.

Furthermore, deploying the system on cloud platforms can enhance scalability and allow it to
handle a larger number of users. Future enhancements can also focus on improving system
security and adding features such as table reservation and customer feedback analysis.
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