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Pipeline Residual Thickness Detection Based on TTAO-VMD and
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Abstract: When detecting the residual thickness of a pipeline, the presence of noise and distortion of small defect
signals can lead to detection errors. To avoid over-decomposition or under-decomposition in the variational mode de-
composition (VMD) of electromagnetic ultrasonic signals, it is necessary to optimize the key parameters: the number
of decomposition modes K and the penalty factor ¢ This paper combines the triangulation topology aggregation opti-
mizer (TTAO) with the VMD algorithm for the first time. TTAO is used to optimize the best parameter combination for
the VMD algorithm, achieving the synchronous optimization of the two parameters; the best parameter combination
is then fed into the VMD algorithm for decomposition. The correlation coefficients are calculated to select the appro-
priate number of intrinsic mode functions (IMFs) for reconstruction, yielding the processed signal. When there are
small defects on the inner wall of the pipeline, two types of echoes, defect echoes and bottom echoes, are gener-
ated. Aimed at the problem of large measurement errors for residual wall thickness due to signal distortion when using

the conventional pulse echo reflection method for the defects whose sizes are smaller than the transducer coil area, a
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pipeline residual wall thickness detection method based on quad echoes is proposed. This method judges the existence

of small defects by comparing the time intervals between the peaks of the primary and tertiary echo wave packets and

those of the secondary and quaternary echo wave packets, thereby distinguishing between defect echoes and bottom

echoes. The depth of the inner wall defect of the pipeline is calculated using the difference between the two time inter-

vals, and thus the residual wall thickness of the pipeline is obtained. Experiments were conducted to compare the

pulse reflection method with the proposed pipeline residual thickness detection based on TTAO-VMD and quad ech-

oes. The results show that the proposed method can accurately measure residual wall thickness, whether there are

small defects or not, with an average relative error of 0.28%.

Keywords: non-destructive testing; electromagnetic acoustic; variational mode decomposition (VMD) ; residual

thickness
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