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Estimation method and comparative analysis of ground penetrating radar
electromagnetic wave velocity based on different water contents
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Abstract : Through the analysis of the response characteristics of underground pipe in GPR image,a method of hyper-
bolic fitting based on Levenberg-Marquardt algorithm to calculate the electromagnetic wave speed was presented. On
this basis, underground pipe was detected by GR-III ground-penetrating-radar under different soil water contents in ex-
periment model ,and the new method was used to calculate the depth of underground pipe. The calculation was com-
pared with some traditional methods such as Permittivity method and the anti-calculate-algorithm under the known
depth. The results show when the soil moisture content increases from 17.020% to 25.333% , the all errors of the
electromagnetic wave of the new method is about 0.9 ¢m/ns, the error rate is about 8% . However, the permittivity
method’ s error increases from 1. 097 ¢m/ns to 1. 670 cm/ns, the error rate range from 9. 613% to 16. 510% . The re-
sults indicate that the hyperbolic fitting under Levenberg-Marquardt algorithm is more applicable to detect the spatial
location of the underground pipe under the different water conditions.
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Fig. 1 Flow chart of the electromagnetic wave propagation
velocity estimated based on Levenberg-Marquardt
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Fig. 3 Ground penetrating radar profile of different antenna frequency(17.020% )
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Table 1 Wave velocity by permittivity method

G K/ % THEE & FHHE/ (em - ns7!)
17. 020 8. 468 10. 304
25.333 12. 621 8. 445
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Fig. 5 Extraction of feature points
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Fig. 6 Hyperbolic vertex fitting by Levenberg-Marquardt
algorithm (soil water content 17. 020% )
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Fig. 7 Hyperbolic vertex fitting by Levenberg-Marquardt
algorithm (soil water content 25.333% )
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Table 2 Vertex coordinates and accuracy analysis
AR 0/ % KL/ MHz xo (B0 ty/ns RMSE SSE R-square
400 605 8.752 0.242 0.351 0.925
KRR 17. 020
750 666 8.791 0.072 0.213 0.973
400 723 9. 883 0. 080 0.392 0.982
P& 25. 333
750 534 9. 890 0.048 0.071 0. 968
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Table 3 Electromagnetic wave propagation velocity of

different antenna frequency
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Table 4 Anti-calculate the Electromagnetic wave

propagation velocity under known-depth

HHEEK KEHF L B/ -3y 54 g/
B Q/ % R /MHz (cm - ns™h) (em -+ ns™)
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17. 020 750 11.375
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10. 115
25.333 750 10. 111
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