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Abstract: In current liquefied natural gas (LNG) tank truck loading and unloading operations, the dragging of LNG loading and unloading
arm and pipeline flange connection are still completed manually. The overall operational automation level remains low, which greatly
hinders the construction and development of intelligent operation and maintenance systems for LNG terminals. It is widely adopted that
single-arm renovation scheme in the industry suffers from prominent drawbacks such as high construction difficulty, high investment cost,
poor operational stability and low practical cost-effectiveness. Accordingly, it is urgent to develop new intelligent docking operation
technologies. Different from the conventional design idea of renovating individual arms one by one, this paper innovatively proposes a one-
to-many intelligent docking framework. An automated guided vehicle (AGV) platform integrated with manipulators and visual recognition
units is adopted. By integrating core technologies including full-site autonomous cruising of AGVs, accurate visual positioning and
identification of tank trucks and flange interfaces, as well as adaptive precise docking of manipulators, a single set of equipment can fulfill
docking tasks for multiple groups of LNG loading and unloading arms. The practical application feasibility of the intelligent docking device
for LNG loading and unloading arm is fully verified through theoretical deduction, three-dimensional solid modeling, dynamic simulation
analysis and prototype experiments. This technology breaks the technical bottleneck of the traditional single-arm renovation mode. There is
no need to equip each LNG loading and unloading arm with independent driving actuators and visual detection systems, which effectively
reduces renovation costs and on-site construction difficulty. It comprehensively elevates the automation and intelligence degree of LNG tank
truck loading and unloading processes, and features superior operational stability and engineering application cost performance. It can
effectively promote the intelligent upgrading of loading and unloading scenarios in LNG terminals.

Keywords: LNG; loading arm; loading arm; tank truck loading and unloading; pipeline docking; LNG terminal; intelligent loading and
unloading
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Fig. 6 Schematic diagram of vision device installation
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Fig. 8 2D vision recognition of LNG tanker interface flange
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Fig. 9 Simulation result of flange 2D visual recognition
based on HALCON software
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Fig. 10  Coordinate transformation relationship between
flange and manipulator
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Fig. 11

State diagram of three-axis manipulator

towing LNG loading arm
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Fig. 12 Virtual scene simulation of LNG terminal
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Fig. 14 LiDAR (left) and 2D camera physical ( right)
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