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Abstract

Our study centers on modernizing traditional shopping carts through advanced technology amidst the
evolving retail environment. With the rise of online shopping, our project seeks to enhance in-store
shopping experiences through the implementation of an Automated Billing Cart System. This
innovative solution integrates automated mobility, real-time bill generation, and an intuitive interface.
By employing a camera module and Object Detection powered by OpenCV, the system streamlines the
shopping process, allowing customers to navigate the store effortlessly, add items to their cart, and
eliminate the necessity for traditional checkout procedures.
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1. Introduction

In an age marked by technological progress, our study introduces an innovative Automated Billing Cart
System that integrates computer vision and web integration seamlessly. By leveraging OpenCV in Python,
the system utilizes a cart-mounted camera for real-time object detection. As items are placed in the cart, a
dynamic list is automatically generated and transmitted to a web interface through the Flask framework. This
novel approach not only simplifies the conventional checkout process but also enriches user interaction by
providing immediate access to a detailed item list. Our research explores the convergence of computer vision,
web development, and retail automation, offering a pioneering solution poised to redefine shopping
experiences in the future.

2. Literature Review

Here are the paraphrased summaries of the major research papers:

1. "Item Verification on the Smart Trolley System using Object Recognition based on the Structural Similarity
Index":

This paper introduces a system utilizing object recognition technology with the Structural Similarity Index
to automate item verification in supermarkets. Customers scan items during shopping, confirm them in a smart
trolley, and finalize purchases. The system compares detected items to database images for accurate
verification, demonstrating successful implementation and potential to enhance shopping efficiency.

2. "Automatic Billing System using Acrtificial Intelligence™:
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This study highlights that Al-driven object detection offers a rapid, precise, and cost-effective solution for
automating supermarket billing. This technology can significantly improve the shopping experience by
enabling contact-free shopping and reducing manual intervention at checkout counters.

3. "A new automated smart cart system for modern shopping centres":

This research tests a new automated smart cart system in two stages: individual module testing (autonomous,
billing, and database modules) and communication system testing between these modules. The autonomous
module responds with an average time of 33ms for user tracking, while the billing system scans items
sequentially with a 500ms delay per scan.

4. "A Novel Method of Billing System Using Deep Learning":

This study develops a system capable of accurately detecting over 100 types of fruits and vegetables with a
95% accuracy rate using deep learning. The innovative system aims to simplify the billing process for food
products, saving time for both customers and sellers while minimizing manual intervention. It is cost-effective
and highly accurate, presenting a valuable solution for efficient billing processes.

5. "An automated billing system in shopping malls using Bascart":

The Bascart system enhances shopping efficiency through RFID tags, barcode scanning, and real-time cost
display. It ensures precise billing and efficient inventory management with a weighing sensor, reducing
customer wait times by enabling direct billing from pre-stored information. Geo-positioning via GSM
modules provides personalized shopping details through messages, while Zighee communication ensures
reliable data exchange between the microcontroller and host PC.

6. "Smart Shopping Cart with Automated Billing Using Arduino™:

This research introduces a smart shopping cart with an automated billing system using Arduino. The system
integrates RFID for product identification and weight sensors for inventory management, aiming to optimize
the shopping experience. Real-time synchronized billing calculates costs as items are scanned, streamlining
the checkout process through hardware, software, and algorithm integration.

7. "Deep Learning-Based Automated Billing Cart™:

The designed shopping cart system focuses on fruits and vegetables, overcoming labeling challenges with
deep learning-based commodity detection and load cell technology. It streamlines shopping by enabling real-
time billing as customer’s scan items, utilizing the YOLO model for swift object detection in busy urban
environments.

8. "RFID-Based Automated Supermarket Self-Billing System™:

This study enhances supermarket efficiency with an RFID-based billing system, addressing existing system
shortcomings through automation. The proposed system optimizes time resources, enhances worker and
customer efficiency, improves security, and offers cost-effective and time-saving benefits by reducing queues.
Its broad applicability within the retail industry suggests potential for enhancing shopping experiences and
operational efficiency.

AlJFR2402004 Advanced International Journal for Research (www.aijfr.com) 32



.'o . Advanced International Journal for Research
2 3

e E-ISSN: XXXX-XXXX editor@aijfr.com

A I J F R Volume 2, Issue 2, March - April 2024

3. Key findings include

1. Automation Enhances Checkout: Research highlights automation technologies such as object recognition,
Al billing, and RFID to streamline checkout processes, minimizing delays and improving overall efficiency.
2. Improved Shopping with Technology: Integration of deep learning, Al algorithms, and smart cart systems
enhances the shopping experience by providing contact-free options, real-time billing updates, and reducing
the need for manual intervention during transactions.

3. Tailored Solutions for Specific Needs: Customized deep learning applications, particularly for products
like fruits and vegetables, address labeling complexities and simplify the billing process, contributing to
smoother operations in retail environments.

4. Successful Integration of Technologies: Effective integration of RFID, barcode scanning, Arduino
technology, and other innovations underscores the development of comprehensive smart shopping systems
that optimize operations and enhance customer experiences.

5. Efficiency Gains in Billing Processes: RFID-based billing systems are identified for their ability to enhance
efficiency by saving time, improving workforce productivity, bolstering security measures, and offering cost-
effective benefits. These systems have the potential to reduce waiting times at checkout, thereby stimulating
economic growth,

6. Broad Applicability Across Retail: Proposed systems demonstrate versatility in adapting to various retail
settings, suggesting wide-ranging opportunities for implementing technologies that can elevate shopping
experiences and operational efficiencies across the industry.

4. Components
1. Cameras/Camera Modules:

High-resolution cameras or camera modules capture images of items within the cart, enabling computer
vision-based object detection.
2. Processing Unit:

An onboard computer or processor responsible for processing data, executing object recognition algorithms,
and performing billing calculations.
3. Communication Module:
Utilizes Wi-Fi or similar connectivity for real-time communication with the store's database, ensuring updated
product information and seamless transaction processing.
4. Power System:

Utilizes rechargeable batteries or another power source to ensure continuous operation of the cart throughout
the shopping session.
5. Object Detection Algorithm:

Computer vision algorithms analyze images captured by the cameras to detect and identify products placed
in the cart.
6. Item Recognition Software:

Software that correlates sensor data to accurately identify specific products present in the cart.
7. Inventory Management System Integration:

Integrates with the store's inventory management system to access real-time product information, pricing
details, and promotions.
8. Billing Algorithm:
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Algorithm responsible for calculating the total bill based on the identified items in the cart, taking into
account discounts, promotions, and loyalty programs.
9. User Interface Software:

Manages the graphical user interface (GUI) displayed on the cart, providing users with a clear view of
selected items and the ongoing billing process.
10. Database Management System:

A robust system that stores and retrieves product information, pricing details, and transaction history to
support seamless operations of the automated billing cart system.

5. Methodology

In the context of the Automated Billing Cart System, Convolutional Neural Networks (CNN) play a pivotal
role in object detection and recognition from images captured by the cart's camera module. Here's an
exploration of the theoretical aspects:

Obiject Detection using CNN in the Automatic Billing Cart System:

Input Data: The CNN receives input from images captured by the cart's camera module, containing visual
information of items placed inside the cart.

Training the CNN: The CNN undergoes training using a dataset comprising labeled images of various retail
items. Through training, the network learns to identify patterns and features associated with different objects.
Feature Extraction: Within the CNN, convolutional layers extract hierarchical features from input images.
These features encompass characteristics such as edges, textures, and shapes of objects present in the shopping
cart.

B' Frame =

Fig.1: This image shows that object is being detected by camera module

Object Localization: The CNN performs object localization by pinpointing the positions of objects within the
images. This capability is essential for accurately identifying and tracking items as the cart navigates the store.
Object Classification: Fully connected layers within the CNN facilitate object classification by associating
learned features with specific categories of objects, such as groceries, electronics, or clothing.
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Fig.2: This image shows the bill which will be generated at the end of all shopping process.

Integration with OpenCV-based Object Detection:

The CNN integrates seamlessly into the overall algorithm, complementing OpenCV-based Object Detection.
While OpenCV provides image processing capabilities, the CNN enhances the system's ability to comprehend
and categorize image content effectively.

Identification and Detection of Objects:

The camera modules capture clear real-time images of objects placed within the cart, leveraging properties
specified in the code for optimal performance.

Connectivity and Communication:

Real-time connectivity with the store's database is facilitated by the communication module, which utilizes
Wi-Fi connectivity. This ensures continuous updates of product specifications, pricing information, and
promotions, thereby ensuring accurate billing and enhancing the overall shopping experience.

Automated Billing Cart System Implementation:

The successful implementation of the Automated Billing Cart System signifies a significant advancement in
integrating technology into traditional shopping carts. Here are key components and functionalities:
Processing Transactions and Billing:

The Billing Algorithm efficiently calculates the total bill based on detected items in the cart. It seamlessly
incorporates discounts, promotions, and loyalty program benefits, ensuring accurate and transparent
transactions.

Various Algorithms and Their Roles:

- Object Recognition Algorithm (CNN):

CNNs utilize convolutional and pooling layers for feature detection and classification, crucial for accurate
object recognition.

- Billing Cost Calculation:

This algorithm computes the total cost by multiplying the unit price of each recognized item by its quantity.

- Automatic Quantity Incrimination:

Automatically increments the quantity of items detected multiple times to reflect accurate billing.

- User Interface Algorithm (Real-time Display Update):

Updates the cart's interface in real-time, displaying recognized items, quantities, and the total cost to
enhance user interaction and transparency.
These algorithms and methodologies constitute the foundational elements of the Automated Billing Cart
System, ensuring efficient object recognition, precise billing, secure communication, and a user-friendly
interface tailored to optimize the shopping experience. Adjustments and optimizations can be made based on
specific system requirements and operational constraints.
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6. System Architecture
The current supermarket shopping process typically involves the following steps:
. Entering the store
. Retrieving a shopping trolley and navigating through aisles
. Loading items into the trolley
. Proceeding to the checkout counter
. Waiting in line
. Having items scanned
. Generating the bill
. Paying for the items
. Exiting the store
The proposed automated system comprises the following components:
1. Image Capture Module:
- Description: Utilizes a high-resolution camera mounted on the cart to capture images of items inside the
cart.
- Components: Camera, Image Capture Software.
2. Image Dataset Creation:
- Description: Processes captured images to create a dataset used for training the object recognition model.
- Components: Image Processing Module.
3. Object Recognition and Classification:
- Description: Employs a Convolutional Neural Network (CNN) to recognize and classify objects from the
captured images.
- Components: CNN Model.
4. Comparison with Item Datasets:
- Description: Compares recognized objects with an existing built-in dataset containing images of various
products.
- Components: Inbuilt Datasets.
5. Quantity and Billing Integration:
- Description: Automatically increments item quantities upon detecting the same object and computes the
total cost.
- Components: Billing Algorithm.
6. Real-time Display and User Interface:
- Description: Displays recognized items, updated quantities, and the total cost on a user-friendly interface.
- Components: LCD Screen, User Interface Software.
7. Communication Module:
- Description: Establishes communication between different modules to ensure seamless data flow.
- Components: Communication Protocol.
8. Central Processing Unit (CPU):
- Description: Manages and coordinates the operation of all modules, ensuring real-time processing and
responsiveness.
- Components: Microcontroller (e.g., Arduino).
9. Power Supply:
- Description: Provides stable power to all components of the automated billing cart system.
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- Components: Power Supply Unit.
The primary objective of implementing this architecture is to enhance the shopping experience by integrating
Computer Vision and Web Integration. This innovation aims to eliminate waiting times for item scanning and
bill generation, resulting in reduced product costs, lower labor expenses, and providing customers with real-
time information about items in their shopping cart.

A i
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SHOPPING CART [ —
AUTOMATED
IMAGE DATASET BILLING SYSTEM

CAM MODULE ITEM DATABASE FINAL INVOICE
Fig. 3: Proposed system architecture

7. RESULTS

The successful deployment of the Automated Billing Cart System marks a significant advancement in
integrating technology into traditional shopping carts. The system's components are categorized as follows:
Comparative Analysis:

Enhanced Object Verification:

Our system employs advanced object recognition technology and dataset creation through camera imagery,
aligning with research goals focused on enhancing object verification in smart trolley systems.

Efficient and Accurate Billing Process:

Similar to research emphasizing rapid, precise, and cost-effective automation of supermarket billing, our
system enhances the user shopping experience by enabling contact-free shopping without additional RFID
technology.

Comprehensive System Testing:

Unlike studies testing individual modules separately, our system integrates features such as autonomous
tracking, billing, and inter-module communication. This holistic testing approach ensures the system's
reliability and efficiency.

Effective Edible Product Billing:

Our system's ability to detect various fruits and vegetables simplifies the billing process for perishable items,
minimizing manual intervention and emphasizing operational efficiency.

Streamlined Shopping Experience:

Incorporating features like camera-based object recognition, real-time cost display, and a weighing sensor,
our system streamlines the shopping experience, reduces queues, and enhances overall efficiency and
convenience without relying on RFID technology.
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Fig. 4: Graphical representation and comparison for DPM Segmentation Performance across various object
classes.

DPM models can segment objects at the pixel level using methods like semantic or instance segmentation,

unlike traditional object detection models that outline objects with bounding boxes.

For our project, the accuracy metrics were: 0.56 for bottles, 0.40 for apples, 0.46 for scissors, 0.55 for paper

clips, 0.50 for pens, and various other categories of objects. Higher values indicate better recognition accuracy,

contributing to an improved user experience. For example, tape achieved 0.63 accuracy compared to 0.45 for

a table piece. Object accuracy ranges vary; for instance, a toy bus scored 0.69 compared to a smartphone at

0.35. Ongoing adjustments and optimizations promise to boost overall model efficacy and accuracy across

objects.

Hardware and Software Integration:

Our system, akin to Arduino-based smart shopping carts, emphasizes integrating hardware, software, and

algorithms to optimize the shopping experience sans RFID components.

Tailored Solutions for Specific Products:

Our system leverages camera imagery to efficiently detect fruits and vegetables, addressing traditional

labeling limitations and aligning with tailored product solutions.

Efficiency Enhancement in Supermarket Billing:

Aligned with research on streamlining supermarket billing systems, our system prioritizes efficiency through

automation, enhancing time and resource management for staff and customers alike, and improving cost-

effectiveness without RFID.

In summary, our Automated Billing Cart System stands out for its advanced technology integration,

comprehensive testing, and effective solutions to common supermarket billing challenges, positioning it as a

pivotal advancement in retail automation without the need for RFID technology.

Additional Features:

User Interface and Interaction:

The User Interface Software manages the graphical user interface (GUI), offering a clear display of selected

items and the ongoing billing process. The generated invoice provides further clarity on purchased products,

enhancing the in-store shopping experience.

Inventory Management Integration:
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Successfully integrated with the store's inventory management system, our system ensures real-time access to
product details, pricing, and promotions, keeping customers informed and engaged throughout their shopping
journey.

Power Management and Continuous Operation:
Powered by rechargeable batteries, the system reliably operates throughout typical shopping sessions, meeting
portability and sustainability requirements based on field testing feedback.

Database Management:

The robust Database Management System efficiently stores and retrieves product information, pricing details,
and transaction history, supporting scalability and reliability for large-scale implementation in diverse retail
environments.

8. Conclusion

In conclusion, Automated Billing Carts represent more than just a technological advancement; they embody
a transformative shift in the retail landscape. From enhanced Al capabilities to standardized global integration,
these advancements underscore the potential for innovation and enhancement in automated shopping
experiences.

As this technology evolves, it is essential for stakeholders to address emerging challenges such as ethical
considerations, environmental impact, and user acceptance. The future success of Automated Billing Carts
hinges not only on technological sophistication but also on their alignment with societal values, ensuring a
seamless, sustainable, and user-centered shopping experience.

By fostering collaboration among industry leaders, researchers, and consumers, we can navigate the
complexities of this evolving field. The future holds promise not only for revolutionizing retail processes but
also for redefining how shoppers interact with their shopping environments. This collaborative effort aims to
create a more interconnected, efficient, and enjoyable retail experience for everyone involved.
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