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Abstract. Automated retail sectors increasingly require scalable, low-power con-

trol systems to securely process hybrid transactions. This paper proposes a hard-

ware-efficient, scalable Field Programmable Gate Array (FPGA)-based vending 

machine architecture optimized for multiple payment methods. It integrates a Uni-

versal Asynchronous Receiver-Transmitter (UART) interface for QR code-based 

digital transactions, employing a Finite State Machine (FSM) core controller. De-

veloped in System Verilog, the design is implemented on an AMD Xilinx-7000 

System-on-Chip platform. A parameterized memory-mapping procedure incorpo-

rates combinational. RAM for price storage and distributed RAM for dynamic in-

ventory tracking, allowing the system to track up to 40 products without additional 

hardware. The architecture achieves highly dependable operation at a low hardware 

cost. Specifically, it utilizes only 1% of Look Up Table (LUT) resources and con-

sumes just 114 mW of power. 

Keywords: FPGA, FSM, System Verilog, Hybrid Payment System, Hardware 

Resource Optimization First Section. 

1 Introduction 

    Significantly, automation in merchandising and services has changed the face of the 

field. Vending machines that operate independently in the dispensation of merchandise 

have become a major component in the retail sector. They ensure instant access to mer-

chandise in public spaces such as shopping centers, transport hubs, and workplaces. 

The modern retail sector is characterized by developments in embedded systems tech-

nology. This development has transformed vending machines from simple machines to 

highly sophisticated machines that can control the entire process of merchandise selec-

tion. 
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