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Research on the Application of Al Visual Early Warning and Active Defense Technology for Port Cranes
Chunjun Wang
Guangdong Sinotrans Huangpu Terminal Co., Ltd.

Abstract: Port cranes are core equipment for container loading, unloading and bulk cargo transportation. Their operation
scenarios feature complex personnel flow, dense equipment layout, limited visual field and variable working conditions.
Traditional manual monitoring and passive protection modes have the defects of delayed early warning and high missing
detection rate, which can hardly meet the safety operation requirements of smart ports. To solve typical hidden dangers such
as personnel intrusion into operation areas, equipment collision, spreader abnormality and cargo offset, this paper studies the
application of Al visual early warning and active defense technology in port crane operation. Considering complex port visual
interference factors including strong light and backlight, dust and water mist, and variable target scales, a visual recognition
system based on improved lightweight YOLO algorithm is constructed. Combined with multi-frame time series tracking,
spatial distance calculation and hierarchical risk assessment technology, an integrated safety protection system covering
“visual perception, intelligent early warning, linkage defense and data review” is established. Field verification shows that the
proposed technology realizes millisecond-level identification and early warning of operational risks, effectively reduces the
incidence of equipment collision and personal injury accidents, and greatly improves the automatic safety management level
of port crane operations. It can provide practical references for the intelligent safety upgrading of port lifting equipment.

Keywords: port lifting machinery; Al visual recognition; visual early warning; active defense; intelligent safety management
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