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The Effect of Directivity of Antenna for the Evaluation of Abnormal Area
Using Ground Penetrating Radar

T A F Kang, Seonghun o] A Lee, Jong-Sub
o] A 3N Lee, Sung Jin L 2 Park, Young-Kon
T 9 & Hong, Won-Taek

Abstract

The ground penetrating radar (GPR) signal can be measured with different amplitudes according to the directivity,
so the directivity of the antenna should be considered. The objective of this study is to investigate the directivity of
antenna by analyzing the reflection characteristics of electromagnetic waves radiated from the antenna, and to evaluate
effective range of angle that can inspect an abnormal area according to the directivity of antenna. For the measurement
of the directivity, a circular metal bar is used as reflector and the signals are measured by changing the angle and
the distance between reflector and antenna in the E- and H-plane. The boundary distance between the near field and
the far field is determined by analyzing the amplitudes of reflected signals, and two points with different distances from
each of near and far fields are designated to analyze radiation patterns in near and far fields. As a result of radiation
pattern measurement, in the near field, minor lobes are observed at angle section at more than 50° in both E- and H-plane.
Therefore, antenna has the directivity for the direction of main lobe and minor lobes in near field. In the far field,
antenna has the directivity for a single direction of main lobe because minor lobes are not observed. The amplitude
of the signal reflected from the near field is unstable, but it can be distinguished from noise. Therefore, in the near
field, the ground anomaly can be detected with high reliability. On the other hand, the amplitude of the signal reflected
from the far field is stable, but it is hard to distinguish between reflected signal and noise because of the excessive
loss of electromagnetic wave. The analyses of directivity in the near and the far fields performed in this study may

be effectively used to improve the reliability of the analyses of abnormal area.
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Table 1. Representative relative permittivity of various materials

Type Material Relative permittivity, & [ ]
Air Air 1.00059 (= 1)
Water Fresh water 81
Sea water 70
Sand (dry) 4-6
Sand (saturated) 25
Soil Silt (saturated) 10
Clay (dry) 2-6
Clay (saturated) 8-12
Others Metal o0
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Fig. 1. Reflection coefficients at the interfaces between the layers
that have different relative permittivities. High e, Mid e,
and Low & denote the high, middle, and low values of
relative permittivity, respectively. High z, Mid z, and Low
z denote the high, middle, and low values of electrical
impedance, respectively. Ry and R. denote the reflection
coefficients of the electromagnetic wave at the interfaces
between Mid e and Low &, and between Low & and High
er, respectively.
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Far field I Near field
T

Reactive
Near field

Radiative
Near field

Fig. 2. Near field and far field of ground penetrating radar. L
and Lqg denote the distances from the antenna to the
boundary between the reactive near and radiative near
fields, and from the antenna to the boundary between
radiative near and far fields, respectively.
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\fb‘\ Survey direction

Fig. 3. 3-dimensional view of reference planes of ground penet-
rating radar. E-plane and H-plane denote the planes
containing the electric field vector and the magnetic field
vector, respectively
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Fig. 4. Schematic drawing of GPR directivity tests: (a) top view of directivity test: (b) side view of directivity test. © denotes the angle

between the antenna and the reflector.
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