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Abstract

With the acceleration of the digital transformation of the oil and gas industry, the traditional manual inspection mode has been
difficult to meet the demand of safe production in the high-risk environment. Based on 126 patented technologies and 31 industrial
application cases from home and abroad in 2020-2023, this paper systematically analyzes the technical architecture and safety
management system of intelligent inspection robot in oil and gas storage and transportation facilities. By constructing a composite
system model including laser SLAM navigation, multispectral sensing array and edge computing framework, a dynamic risk control
strategy based on digital twin is proposed. The study proves that the new inspection system can shorten the response time of leakage
detection to 8.3 seconds, achieve the accuracy of equipment fault prediction to 92.7%, and reduce the operation and maintenance
cost by 37.5%. This paper also establishes a technical scheme including 5-level safety protection mechanism and 3-dimensional
collaborative management model, which provides theoretical support for the standardization of intelligent inspection system in the oil
and gas industry.
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