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Acoustic wave modes in pipes
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Dispersive curve of acoustic waves in partially filled sewer pipe: split of non-axisymmtric modes
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Empty pipe Partially filled pipe: mode split



Dispersive curve of acoustic waves in partially filled sewer pipe: axisymmetric mode shapes 
(first axisymmetric mode) and dispersive curves
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Red solid line: simulation

Blue and black dashed line: analytical model
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Dispersive curve of acoustic waves in partially filled sewer pipe: analytical model
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Outline

• Partially filled water pipe

• Pipe wall roughness

• Scattering due to blockages in the pipe

• Blockage detection and localization 



Rough surface 



Small perturbation theory

Reflection (coherent part) and scattering of an acoustic wave 
incident a rough surface. By Masetti et al 



Fourier transform



Wavenumber correction



Surface roughness in cylindrical pipe
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Wavenumber correction
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Wave scattering

Empty pipe
σ=0.05

σ=0.1

• Wave scattering increases with σ

• Scattered wave propagates with modes

• The cut-off frequency gets smaller
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• Partially filled water pipe

• Pipe wall roughness
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•  detection and localization 

Sensing robot



Mode Coupling theory
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Microphone array for blockage/lateral detection on robot
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Acoustic localization and mapping of the pipe



Acoustic classification of pipe features

blockage lateral L-junction T-junction



Metric Time domain Linear SVM

Wavelet 

Linear SVM

Time domain 

RBF SVM

Wavelet 

RBF SVM

Accuracy 53% 65% 78% 88%

Precision 0.571 0.686 0.829 0.886

Recall 0.625 0.615 0.806 0.912

F1 score 0.597 0.649 0.817 0.899

Acoustic classification



• Thank you!
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