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Electromagnetic scattering calculation of underground pipelines based on
integral equation
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(School of Information Engineering, East China Jiaotong University, Nanchang Jiangxi 330013, China)

Abstract: Electromagnetic scattering of the metal and dielectric pipeline beneath the rough ground is
simulated by using integral equation. Because the soil underground is hierarchical, the integral equations
are listed separately according to the surface equivalence principle and boundary conditions, above or
below the target in the interface. These integral equations are solved by using the moment method.
Utilizing Fast Fourier Transform(FFT) spectral method and Gaussian spectrum to model the rough ground,
the simulation of the pipelines with a circular cross section and a rectangular cross section under the
rough terrain is performed. The simulation results indicate, the analysis method in this paper is able to
calculate the electromagnetic scattering of underground pipelines.
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Fig.3 Homogeneous dielectric cylinder scattering TMz polarized waves:r =1 m, Fig.4 Ideal conductor cylinder scattering TMz
& =4-j, 1, =1, /=1 GHz polarized waves: f=1 GHz
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Fig.5 Metal circular cross-section line in rough terrain beneath bistatic
scattering:the radius of the circle line 0.5 m, buried in the ground
at 5 m below the mean rough surface 0.1 m, 0.5 m, respectively,
f£=1GHz
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Fig.7 One dimensional range of the metal circle section line has a
radius of 0.5 m, which is embedded in the ground below 5 m
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Fig.6 Metal circular cross-section line in rough terrain beneath bistatic
scattering:the radius of the circle line 0.5 m, buried in the ground
at 5 m below the mean rough surface 0.1 m, 0.5 m, respectively,
/=300 GHz
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Fig.8 Metal circle section and rectangular cross section of the pipeline,

the radius of the circular pipe 0.5 m, buried in the ground below 5 m,
the size of the rectangular pipeline is 5 mx1 m, buried in the ground
below 3 m
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Fig.9 Metal circle section line in the rough ground below the
one-dimensional range of the image: circle radius of
0.5 m, buried in the ground below 5 m, rough surface
height fluctuations mean 0.5 m, RMS 0.5
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