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ABSTRACT: To understand characteristics of Ground Penetrating Radar antenna for studying lacustrine sedi-
ments, experimental data were recorded on the frozen Soyang Lake using three antennas with center frequencies
of'50, 100, and 250 MHz. For the three center frequencies, the vertical resolution of reflected signals is 0.17, 0.08,
and 0.03 m at the lake bottom and 0.30, 0.15, and 0.06 m in the bottom sediments, respectively. The corresponding
radii of the first Fresnel zone are computed to be 1.30, 0.91, and 0.58 m at the lake bottom. The attenuation factors
and bulk conductivity for the water are obtained as 1.04, 1.17, and 1.19 dB/m and 0.049, 0.056, and 0.057 S/m,
respectively. Such low conductivities indicate that the water is fresh and clean. The penetration depths into the
bottom sediments are approximately 5.11 and 3.36 m for 50 and 100 MHz antennas, respectively.

Key words: GPR, frequency, attenuation factor, conductivity, resolution, penetration depth, Fresnel zone, lacus-
trine sediments
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Fig. 1. Location map of the study area. The experimental GPR data were recorded along the 375 m profile on the

frozen Soyang Lake.
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Table 1. Acquisition parameters for the radar experiment.

Center frequency (MHz) 50 100 250

Antenna type Shielded Shielded Shielded
Recording interval (s) 0.5 0.5 0.1
Record length (ns) 500 500 240
Sampling frequency (MHz) 899.8 891.6 3460.1
Antenna separation (m) 3.50 0.50 0.36
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Fig. 2. Raw radar sections obtained with (a) 50, (b) 100, and (c) 250 MHz antennas, respectively.
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Fig. 3. Gain-applied radar sections for (a) 50, (b) 100, and (c) 250 MHz antenna data, respectively.
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Fig. 4. Amplitude variations with depth of reflection events from the lake bottom recorded using (a) 50, (b) 100, and
(c) 250 MHz antennas, respectively. The corresponding attenuation factors of the water are obtained through fitting
exponential curves as (a) 1.04, (b) 1.17,and (c) 1.19 dB/m, respectively, assuming a constant reflectivity at the wa-
ter-bottom.
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Fig. 5. Theoretical attenuation factor (AF) of the water

computed using Equation (3) in the text, indicating that

50 100 150 200 250 300 350 400 450 500 radar signals have almost a constant AF where con-
Frequency (MHz) ductivity is less than 0.2 S/m.
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Fig. 6. Enlarged sections to show difference in resolution between (a) 50 and (b) 100 MHz antenna data. The reflection
events near 330 ns in two-way travel time at distance of 100 m are clearly separated in the 100 MHz section while

those events are undistinguishable in the 50 MHz section.
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Fig. 7. Instantaneous amplitude sections for data obtained using (a) 50 and (b) 100 MHz antennas, respectively. These
sections show both temporal and spatial variation of the instantaneous amplitude.
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