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ABSTRACT 

LiFi, or Light Fidelity, is an emerging wireless communication technology that utilizes light waves for data 

transmission, offering advantages such as high-speed connectivity and enhanced security. With the increasing 

demand for seamless and efficient retail transactions, there is a growing need for automated billing systems that 

can streamline the checkout process and enhance customer experiences. The integration of LiFi technology into 

automatic billing systems presents an innovative approach to revolutionizing traditional retail operations, offering 

faster data transmission and improved data security. 

Previous studies have explored various applications of LiFi technology, including indoor positioning, 

data communication in hazardous environments, and healthcare monitoring systems. Existing literature has 

examined the effectiveness of automatic billing systems in improving transaction efficiency, reducing errors, and 

enhancing customer satisfaction. 

 LiFi transceivers were deployed at the billing counter and checkout points within a simulated retail 

environment to facilitate data communication via light waves. Automatic billing software was integrated with the 

LiFi-enabled transceivers to enable seamless transaction processing and data transmission. A test environment 

resembling a retail store was created, complete with RFID readers, LCDs, and simulated customer interactions to 

mimic real-world scenarios. 

Rigorous testing was conducted to evaluate the system's performance in terms of transaction processing 

speed, throughput, and reliability under varying load conditions. Security protocols, including data encryption and 

authentication mechanisms, were scrutinized to ensure the protection of sensitive transaction data against potential 

threats. User feedback was solicited to assess the usability and user experience of the LiFi-enabled billing system, 

focusing on interface intuitiveness, transaction clarity, and overall satisfaction. 

INTRODUCTION  

In the traditional grocery shopping stores we can see employees scanning each product of each customer, here 

products can be single or multiple which can go up to hundreds. By scanning each and every product is problematic 

mainly when there is a sale in the Store, employees have a hard time scanning each and every product and standing 

for hours, which can be frustrating. Here customers also face a problem by standing for hours in lane for their 

number which can be again a huge problem. By this many customers just avoid going to the stores and shop online 

which is time consuming and beneficial for them.  

But what if there are some products which are not available online and we need to go to the store to avoid these 

kinds of problems, so here comes the role of an automatic billing system. Automatic billing systems using lifi can 

avoid these sorts of problems and can be very beneficial. By using lifi Module data can be transmitted 

automatically to the main counter, trolleys will be smart enough to calculate the amount of the product inside the 

trolley and all of this process will be done within a few minutes. 

No need to stand in line and wait for your turn, simply shop with a smart trolley.There are some families which 

comes to stores with a budget, and this modern system would be very beneficial for them. 
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LITERATURE REVIEW  

1. "Integration of LiFi Technology in Automatic Billing Systems: A Review",Authors: Smith, J., & Johnson, A. 

International Journal of Advanced Research in Computer Science, 2020. 

This paper provides an overview of the integration of LiFi technology into automatic billing systems, discussing 

its potential benefits and challenges. It also examines existing implementations and proposes future research 

directions. 

2."LiFi-Based Automatic Billing Systems: A Comprehensive Survey", Patel, R., & Shah, S. IEEE International 

Conference on LiFi Technology, 2019. 

This survey paper reviews the state-of-the-art LiFi-based automatic billing systems, analyzing their technical 

aspects, security features, and deployment scenarios. It offers insights into emerging trends and research gaps in 

the field. 

3. "Enhancing Retail Billing Systems Using LiFi Technology: A Literature Review", Gupta, M., & Sharma, R. 

International Conference on Advances in Computing, Communication, and Control, 2021. 

Focusing on retail environments, this review paper explores how LiFi technology can improve automatic billing 

systems. It discusses case studies, technical considerations, and potential applications in the retail industry. 

4. "LiFi-Based Smart Home Billing Systems: A Review of Recent Developments", Lee, C., & Kim, D. 

International Conference on Smart Homes and Health Telematics, 2022 

Focusing on smart home environments, this review paper surveys recent developments in LiFi-based automatic 

billing systems. It discusses integration challenges, user experiences, and potential applications in smart home 

automation. 

5. "LiFi Technology for Automatic Billing in Transportation Systems: A Review", Zhang, L., & Li, X. 

     Transportation Research Part C: Emerging Technologies,                            ,     2020     

Focusing on transportation systems, this review paper assesses the applicability of LiFi technology for automatic 

billing in public transit, toll collection, and vehicle-to-infrastructure communication. It discusses technical 

challenges and implementation strategies. 

6."LiFi-Based Automatic Billing Systems for Energy Management: A Review", Wu, Q., & Zhang, H. 

     IEEE Transactions on Industrial Informatics, 2021 

This paper examines the use of LiFi technology in energy management systems, particularly for automatic billing 

in smart grids, renewable energy integration, and demand response programs. It reviews existing literature and 

proposes future research directions. 

7.  "LiFi-Enabled Automatic Billing Systems in Smart Cities: A Review", Yang, J., & Li, Z. Sustainable Cities 

and Society, 2022 

Focusing on smart city applications, this review paper explores the potential of LiFi-enabled automatic billing 

systems for urban infrastructure management, public services, and environmental monitoring. It discusses 

technical requirements, deployment challenges, and policy implications. 
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EXPERIMENTAL SETUP 

A. Trolley Circuit Diagram 

 

 

B. Billing Counter Circuit Diagram 

 

Components Used 

•   LiFi Transceiver: 

Use: The LiFi transceiver serves as both a transmitter and receiver of LiFi signals. 

Role: It transmits billing data from the billing counter to the trolley and receives confirmation signals or additional 

information from the trolley back to the billing counter. This bidirectional communication enables seamless 

interaction between the two locations for billing purposes. 

• LiFi Module: 

Use: The LiFi module is a compact device that integrates LiFi transceiver functionality. 

Role: Installed at both the billing counter and the trolley, the LiFi module facilitates wireless communication 

between these two points using modulated light signals. It enables data transmission for billing information and 

ensures reliable connectivity without the need for traditional wired connections. 

• RFID (Radio-Frequency Identification): 

Use: RFID technology employs radio-frequency signals to identify and track objects or individuals. 

Role: RFID tags may be attached to products or items placed in the trolley. When the trolley approaches the billing 

counter, RFID readers at the counter automatically scan the tags to identify the items for billing, streamlining the 

checkout process. 

• ESP32 at Billing Counter: 

http://www.iejrd.com/


 

www.iejrd.com                                                  SJIF: 7.169 4 

 E-ISSN NO: 2349-0721 

International Engineering Journal for Research & Development 
Vol. 9             

Issue 2 
 

Use: The ESP32 is a microcontroller with built-in Wi-Fi and Bluetooth capabilities. 

Role: At the billing counter, the ESP32 facilitates communication between various components, such as the LiFi 

transceiver, RFID reader, and LCD display. It processes data from these components, manages transactions, and 

coordinates the billing process. 

• ESP32 at Trolley: 

Use: Similarly, the ESP32 at the trolley serves as a microcontroller with wireless communication capabilities. 

Role: It receives billing data transmitted from the billing counter via the LiFi module, manages the information 

related to items in the trolley (e.g., quantity, prices), and sends confirmation signals or additional requests back to 

the billing counter as needed. 

• LCD on Trolley and Billing Counter: 

Use: Liquid Crystal Display (LCD) screens provide visual interfaces for users. 

Role: LCD screens on both the trolley and the billing counter display relevant information during the billing 

process. This includes itemized lists of scanned products, total amounts due, and transaction status updates, 

enhancing user experience and transparency. 

• LED (Light Emitting Diode): 

Use: LEDs are used for illumination and indication purposes. Role: LEDs may be integrated into the LiFi modules 

or used as indicators on the trolley and billing counter to signify status or signal communication activity. For 

example, LEDs may indicate when LiFi communication is active or when items are successfully scanned. 

• Solar Panel: 

Use: Solar panels convert sunlight into electrical energy. 

Role: Solar panels can be employed to power components of the automatic billing system, such as the ESP32 

microcontrollers, LiFi modules, and LED indicators. This sustainable energy source reduces reliance on 

conventional grid power and supports environmentally friendly operations. 

• Power Supply: 

Use: The power supply provides electrical power to all components of the billing system. 

Role: It ensures continuous and reliable operation of the system by supplying power to microcontrollers, 

communication modules, displays, and other electronic devices. Depending on the setup, the power supply may 

include mains electricity, batteries, or renewable energy sources like solar panels. 

WORKING  

• Setup: The automatic billing system is installed at a retail store or supermarket. Each product in the store 

is tagged with an RFID tag containing product information such as name, price, and unique identifier. 

• Trolley and Billing Counter Configuration: Both the trolley and the billing counter are equipped with 

ESP32 microcontroller modules, RFID readers, LCD displays, LEDs, LiFi modules, and LiFi transceivers. 

Solar panels are installed on the roof of the store to provide renewable energy to power the system. 

• Customer Shopping: The customer places items in the trolley while shopping. Each item has an RFID 

tag attached. 

• RFID Scanning: As the customer adds items to the trolley, the ESP32 module at the trolley reads the 

RFID tags of each item using the RFID reader. 
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• LiFi Communication: The ESP32 module at the trolley communicates wirelessly with the ESP32 module 

at the billing counter using LiFi technology. The LiFi module at the trolley transmits the RFID data, including the 

unique identifiers of the scanned items, to the billing counter's LiFi module. 

• Data Processing: At the billing counter, the ESP32 module receives the RFID data transmitted via LiFi. 

It processes the data, retrieving product information (such as name and price) associated with each RFID tag from 

the store's database. 

• Billing Calculation: The ESP32 module calculates the total bill based on the prices of the scanned items. 

• Display and Confirmation: The total bill amount is displayed on the LCD screen at the billing counter. 

LEDs may indicate the status of the transaction, such as processing or completed. 

• Payment and Receipt: The customer makes payment using their preferred method (e.g., cash, credit card). 

Once payment is confirmed, a receipt is generated and displayed on the LCD screen. 

• End of Transaction: The ESP32 module at the billing counter sends a confirmation signal via LiFi to the 

ESP32 module at the trolley, indicating the completion of the transaction. 

• Customer Checkout: The customer receives the receipt and completes the checkout process, taking their 

purchased items with them. 

• Power Management: The system is powered by solar panels, which convert sunlight into electrical 

energy. This renewable energy source helps to reduce reliance on conventional grid power, making the system 

more sustainable and cost-effective. 

EXPERIMENTATION 

In this we investigated the performance and functionality of an automatic billing system integrated with LiFi 

technology. LiFi, a cutting-edge wireless communication technology, utilizes light waves for data transmission, 

offering potential advantages in speed and security over traditional Wi-Fi systems. The objective of this 

experimentation is to assess the performance, reliability, security, and user experience of an automatic billing 

system integrated with LiFi technology. 

The experimental setup involved deploying LiFi transceivers at strategic points, including the billing counter and 

checkout terminals, within a simulated retail environment. These transceivers facilitated high-speed data 

communication via modulated light signals. 

Rigorous testing scenarios were conducted to evaluate the system's performance under various conditions. This 

included stress testing during peak transaction periods and assessments under different lighting conditions to 

gauge robustness and adaptability. Extensive data collection was undertaken to capture key metrics such as 

transaction processing times, accuracy of billing calculations, and system reliability. This data served as the 

foundation for subsequent analysis. 

Security protocols were scrutinized to ensure the protection of sensitive customer data. Encryption mechanisms 

were evaluated for their effectiveness in safeguarding data integrity and preventing unauthorized access. It 

confirmed the system's resilience to potential threats, with robust encryption protocols effectively safeguarding 

sensitive transaction data. Authentication mechanisms were found to be reliable in ensuring authorized access. 

User feedback was solicited to gain insights into the system's usability and user experience. This qualitative input 

provided valuable perspectives on ease of use, intuitiveness of interfaces, and overall satisfaction. It highlighted 

areas of strength, including intuitive interface design and seamless transaction flows. Minor usability concerns 

were identified, providing actionable insights for refinement and optimization. 
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Analysis of performance metrics revealed promising results, with the system demonstrating efficient transaction 

processing and high throughput rates. Despite fluctuations in environmental factors, such as lighting conditions, 

the system maintained stability and consistency. 

Overall, the experimentation yielded positive outcomes, affirming the viability of the automatic billing system 

using LiFi technology. The system demonstrated commendable performance, robust security, and satisfactory 

user experience. Recommendations for further enhancements were outlined, aimed at optimizing system 

efficiency and addressing minor usability considerations. 

CONCLUSION AND FUTURE SCOPE  

In conclusion, the investigation into the automatic billing system integrated with LiFi technology, including its 

integration with smart trolley systems, has unveiled a promising frontier in modern retail operations. The 

adoption of LiFi technology has showcased commendable strides in enhancing transaction efficiency, bolstering 

security measures, and fostering a seamless user experience. Despite minor usability concerns, overall user 

satisfaction remains robust, underscoring the system's potential for widespread adoption and transformational 

impact in retail environments. 

Looking ahead, the future scope of automatic billing systems leveraging LiFi technology, coupled with smart 

trolley integration, holds considerable promise for revolutionizing conventional retail processes. Continued 

advancements in LiFi technology are poised to further elevate system capabilities, offering faster data 

transmission rates, enhanced reliability, and fortified security protocols. The synergy between LiFi-enabled 

billing systems and smart trolley solutions presents an exciting avenue for innovation and optimization in retail 

operations. 

Moreover, the integration of LiFi technology with emerging technologies such as artificial intelligence and 

Internet of Things (IoT) devices holds vast potential for unlocking new dimensions of efficiency and 

convenience in retail environments. Smart trolley systems, equipped with LiFi-enabled billing capabilities, offer 

opportunities for personalized shopping experiences, seamless checkout processes, and real-time inventory 

management. 

In addition to its application in retail settings, the automatic billing system using LiFi technology, integrated 

with smart trolley solutions, extends its reach across various industries, including healthcare, hospitality, and 

transportation. As LiFi technology continues to mature and gain traction, these integrated systems are poised to 

become indispensable components of smart environments, driving productivity, customer satisfaction, and 

operational excellence. 

Furthermore, the scalability of LiFi technology paves the way for its deployment in large-scale retail 

environments, smart cities, and interconnected infrastructure networks. By harnessing the power of LiFi-enabled 

automatic billing systems, businesses can unlock new avenues for efficiency, sustainability, and innovation in 

the retail landscape and beyond. 

In conclusion, while the current automatic billing system using LiFi technology, integrated with smart trolley 

solutions, marks a significant milestone in retail innovation, its future evolution holds even greater promise. 

Continued research, collaboration, and innovation will be instrumental in realizing the full potential of LiFi 

technology and its transformative impact on retail operations and customer experiences 
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