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Real-Time Monitoring System for Petroleum Pipeline Welding Based on
Spatial Perception and Improved RLG-YOLO12

Ge Genbo Wu Chenchen Wu Rentao  Cheng Rouxin
(School of Intelligens Manufacturing , Shanghai Technology and Innovation Vocational College)

Abstract: Welding quality directly determines operational safety and service life of petroleum pipelines.
Welding quality evaluation is challenged by diverse morphologies and small scales of defects, and also susceptible
to interferences from on—site illumination changes and arc light. This paper presents a real-time monitoring system
for petroleum pipeline welding based on spatial perception and improved RLG=-YOLO12. In terms of the model
algorithm, RGB images and depth images are fused to construct RGB-D multimodal data to enhance the spatial per-
ception ability for the three—dimensional weld morphology and surface defects; the LAE lightweight adaptive atten-
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tion mechanism is introduced to strengthen the retention and fusion of detailed information during feature extraction
and improve the detection accuracy of tiny and deep defects; and the Ghost Module is used to replace the tradi-
tional convolution architecture, thereby significantly reducing the computational complexity and improving the
inference speed. In terms of hardware, multiple sensors are integrated for data analysis to realize multi-
dimensional monitoring of the welding process and prevent environmental factors unfavorable to welding. Mean-
while, to create a real-time welding scenario for petroleum pipelines, hardware equipment corresponding to the
system functions was designed to acquire real-time weld data during welding. The test results show that, on the
self-built dataset, the model yields the R, .05 of 93.2% (an increase of 5.07%) , the R, ,pas0:05 of 76. 8% (an
increase of 4. 92%) , and the computational cost of 16. 6 GFLOPs (a decrease of 22. 43%). In the actual platform
test, the system achieves an accuracy up to 98. 4% in the detection on 500 petroleum pipeline samples, and real-
izes an emergency stop response to serious defects within 100 ms, verifying its stability and practicability in com-
plex industrial scenarios and demonstrating a promising engineering prospect. The research provides an effective
intelligent solution for real-time monitoring of welding quality and process optimization.

Keywords: petroleum pipeline; welding defect; RLG-YOLO12; binocular vision; LAE; Ghost Module;

real-time monitoring
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