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[bookmark: OLE_LINK108][bookmark: OLE_LINK109]Abstract. This project involved designing and implementing an automated billing system in a shopping trolley to improve the shopping experience and reduce the average time spent by customers. The shopping cart was designed with metal iron pipes and equipped with a barcode scanner interfaced with a Raspberry Pi 4 microcontroller, an RFID scanner, and a buzzer for cart security check. The system was built to automate the billing process and reduce the need for manual labor, thereby reducing the chances of human error. The RFID technology added an extra layer of security, preventing shoplifting or theft. The automated billing system reduces the time spent while shopping, improving the overall shopping experience for customers. The system is cost-effective and can be easily integrated into supermarkets' existing infrastructure. The primary objective of the system was to improve the shopping experience for customers while reducing the average time spent while shopping. The system's scalability and cost-effectiveness make it an ideal solution for supermarkets looking to improve their customers' shopping experience.
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[bookmark: OLE_LINK100]1	Introduction
[bookmark: OLE_LINK116][bookmark: OLE_LINK102]The increasing reliability and cost-effectiveness of the Internet of Things (IoT) related smart devices in the shopping field makes it imperative to ensure that such advancements are used to address the concerns of the general public [1]. In this context, [2] conducted a study that demonstrates how a reliable, smart, and intelligent Smart Shopping Cart can be implemented, which is practical to use in any physical retail store, including supermarkets, where it can reduce effort and help in creating a common shopping experience for customers. The system automates the billing process, reducing the need for customers to wait in long lines to view their purchased items and enabling customers to monitor their financial status and available deals [3]. The system also helps in detecting instances of fraud by dishonest customers, which enhances its appeal to both buyers and sellers.
    [4] proposed a system that uses standardized labels and weight sensors to detect the presence of items in the shopping cart and update the information available to the customer. The system also employs customized charging structures, relieving staff of tedious checkout filtering, lowering overall staff requirements, and increasing operational efficiency.
   Therefore, the use of an automated shopping cart with a self-billing system in a supermarket can increase customer satisfaction, provide more control to customers, and simplify stock control for the store management, thus making it financially viable [5],[6].

In point of fact, a significant number of individuals nowadays make use of marketplaces in order to purchase the vast majority of their goods. Customers regularly run into issues and challenges when they are attempting to make transactions. These difficulties include being afraid that the money they brought would not be adequate to cover all of the things they had bought and spending a substantial amount of time at the cash register when they tried to pay for their items [7].

Supermarket shoppers purchase more groceries. Finding a customer's fundamental requirements at a supermarket is tough and time-consuming. After finding their requirements, customers must wait in the billing queue to pay for their purchases. Thus, the supermarket must eliminate the lengthy queue system, automate invoicing, and construct a smart trolley module that allows customers to shop securely and easily.
The goal of this project is to develop an automated trolley with a self-billing system that is particularly designed for use in supermarkets. The main objectives include developing a shopping cart with an integrated automated invoicing system, using RFID technology to improve cart security checks, and figuring out how long consumers typically spend shopping.
2	Literature Review
2.1 	Automated billing cart system
Grocery stores today are often crowded, resulting in long queues at the billing counter. Several studies propose using RFID technology in conjunction with other technologies to create automated self-billing systems that save customers time and increase efficiency. [8] proposed an RFID-based self-checkout counter system, while [9] developed an RFID reader-equipped trolley for supermarket automation. [10] proposed an autonomous trolley with an electronic billing system and smart trolley-based bill detection. [11] developed a smart cart using infrared sensors, RFID tags, and ZigBee for wireless communication with the server. [12] proposed an advanced retail system that uses RFID-enabled smart carts and an automated invoicing system, including a smart stick for blind people. These proposed systems aim to provide a hassle-free shopping experience, reduce waiting times, and increase efficiency at the billing counter. 
2.2 	Time spent shopping
Urban cities have turned shopping into a daily pastime, with more hurried shoppers especially during promotions and sales. IoT technology can minimize labor work and costs while also improving the shopping experience for consumers by allowing them to complete self-checkout. However, there are still issues with providing information about products, detecting theft, and saving superstores from loss [13]. Automatic payment systems with stock monitoring and product recognition using RFID tags and ZigBee have also been proposed [14],[15]. To minimize human effort, automated billing devices using Li-Fi have been suggested [16]. Proposed solutions aim to help customers save time and improve their shopping experience [17],[18].
2.2 	Barcode detection for shopping cart
In a world where people are increasingly opting to buy groceries from supermarkets and hypermarkets, finding essential products can be time-consuming, and waiting in long billing queues can be frustrating, particularly during the COVID-19 pandemic. To address these challenges, [19] proposed a smart trolley based on Internet of Things (IoT) with an advanced billing system to make shopping easier, more secure, and avoid long queues. The system includes a smart trolley equipped with an LCD display, a barcode scanner, and a Raspberry-Pi. This exploratory model aims to eliminate tedious shopping interactions and administration-related issues. The proposed framework can be implemented at a business scale under genuine circumstances.
2.3 	RFID for security applications
"RFID based security and access control system" by [20] discusses an access control system that combines RFID technology with biometric authentication to provide safe access. [21] provides an extensive overview of the research on RFID security and privacy issues and emphasizes the importance of strong security and privacy safeguards to address these concerns. [22] discusses the benefits and limitations of RFID applications in various industries and examines the various security threats posed by RFID systems, along with the security
3	Methodology
The project report explains the process of developing an automated trolley equipped with a self-billing system that can be used in supermarkets. The project is divided into two parts, the trolley and the billing system. The trolley consists of a barcode scanner, an LCD screen, and a keypad for user convenience, with a DC battery powering the system. The billing system is comprised of a server with a database and a Wi-Fi module for communicating with the trolley.
3.1 	Components used
Table 1. Components used
	S/M
	Components Used

	1
	Raspberry Pi4 B

	2
	Barcode Scanner

	3
	2004 LCD

	4
	RFID Tag and Reader

	5
	Battery

	6
	Buzzer

	7
	Shopping Trolley



3.2 	Block diagram
The block diagram below shows the connection between the components and hardware of the project:
[image: ] 
Fig. 1 Block diagram showing the connection between the component of the trolley
3.3 	Flowchart
[image: ] 
Fig. 2 Flowchart
3.4 	Load capacity design calculation
Shopping cart weight capacity depends on load capacity. A cart's load capacity is its maximum weight without structural damage.
Cart materials and structure determine load capacity. The estimate considers the materials' yield strength, ultimate strength, and design safety features.
	
		(1)
[bookmark: _Hlk134698388]Where;
is the yield strength of the material used;
FoS is the safety factor;
A is the cross-sectional area.
4	Result and discussion
This section details how the supermarket billing cart was developed and deployed. The system's hardware was extensively tested before being carefully combined and attached to the microcontroller board. This detailed approach has generated an efficient and smooth automated billing trolley system that can offer supermarket customers with reliable and accurate billing services.
4.1 	Shopping Cart
The main function of the shopping cart is to give customers a practical way to transport the goods they want to buy as they shop. This was achieved by meticulously designing the trolley to accommodate a variety of items and make it easy to operate. The cart's durability and longevity are ensured by its construction with premium 1-inch steel conduit and iron wire gauze net. In Fig. 3, which depicts the completed grocery cart after its construction, demonstrates the efficacy of this design.

[image: ][image: ]
Fig. 3 Rear View and Side View of Shopping Trolley
4.2 	Automated Billing System
The cutting-edge Automatic Billing System speeds up grocery checkout lines. The shopping cart-mounted gadget allows customers to scan and pay without going to the checkout stand. This system uses a barcode scanner, Raspberry Pi microprocessor, and LCD to quickly and easily charge customers. Instead of the time-consuming checkout procedure, customers may charge their purchases while shopping. This inventive solution's easy checkout makes shopping stress-free. Fig. 4 shows the barcode scanner being tested and the LCD showing the value that was scanned.
[image: ]
Fig. 4 Billing system Test
4.3 	Automated Billing System on Trolley
Promising test results were observed, validating the functionality of the project components. The system effectively displays product information, including name and price, on an LCD screen upon customer scanning. It continuously updates the running total as items are scanned, providing customers with spending transparency. The end shopping barcode triggers payment processing, where all scanned items are displayed for verification. This successful implementation improves the shopping experience by offering real-time information and streamlining payments. Future iterations could explore additional features like mobile app integration or loyalty programs. Ultimately, the project shows potential to enhance efficiency, reduce wait times, and increase customer satisfaction. Fig. 5 shows how the billing system and the barcode scanner is mounted on the shopping trolley for customer convenience. Fig. 6 shows the result on the display when a product registered in the shopping mall is scanned.

[image: ]
Fig. 5 Final Shopping Trolley system
[image: ]
Fig. 6 Display when product is scanned
[bookmark: OLE_LINK137]5	Conclusion
[bookmark: OLE_LINK170]The development of an automated billing system for supermarkets was a significant achievement. The Python-programmed system, operated by Raspberry Pi, streamlined the checkout process, enhancing speed and efficiency. Its creation followed a well-defined methodology, resulting in a functional, reliable, and user-friendly final product. The system's goal was to improve the shopping experience by speeding up checkout, allowing customers more time for browsing. This, in turn, encourages repeat business and attracts new customers. By reducing manual labor and calculation errors, the system offers a dependable and efficient billing procedure, benefiting supermarket operators. Overall, the automated billing system is a valuable addition for stores seeking to enhance checkout procedures, benefiting customers and store owners alike.
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