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Abstract

The accelerating pace of global urbanization and the relentless increase in vehicle ownership have ex-
acerbated urban parking challenges, becoming a significant bottleneck to sustainable urban develop-
ment. Automated parking garage systems, owing to their superior space utilization and intelligent
management capabilities, are rapidly emerging as a pivotal solution to alleviate parking pressure. This
paper delves into the advanced design and research of automated parking garage control systems pri-
marily driven by Programmable Logic Controllers (PLCs). We commence by systematically delineating
the classification criteria and fundamental operational principles of various automated parking garage
types, simultaneously analyzing the distinct advantages of PLCs as industrial-grade core controllers in
ensuring high reliability, flexibility, and precise control. Subsequently, the paper meticulously details
the optimized hardware architecture and refined software logic design for new-generation PLC-based
control systems. A particular emphasis is placed on the integration of cutting-edge technologies, such
as the Industrial Internet of Things (IloT), edge computing, advanced Human-Machine Interfaces (HMI),
and data visualization to achieve intelligent vehicle storage and retrieval management, dynamic park-
ing space allocation, real-time equipment status alarming and predictive maintenance, and seamless
integration of multi-layered safety interlock mechanisms. Finally, the paper casts a forward-looking
perspective on the innovative potential of future automated parking garage control systems, particu-
larly in areas like Al-driven operational optimization, maximization of energy efficiency, and strength-
ened cybersecurity. This work aims to provide comprehensive and in-depth theoretical foundations
and practical guidance for the research and deployment of next-generation automated parking garage
control systems.
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Figure 1. System diagram of the automated parking garage
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Figure 2. Parking system operation process
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Figure 3. Schematic diagram of the three-dimensional garage control system interface
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