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Abstract: Soil stratification information, especially surface soil structure, has important impact on land
productivity and is an important index for evaluating soil quality. The present study aimed to obtain the
information of soil layers quickly and accurately, for which Ground Penetrating Radar (GPR) technology was
used. The echo signals of GPR were processed in both the time and frequency domains. In the time domain, the
envelope detection method was used to determine the transience of the echo signals and therefore to get the
location of soil layers on the time axis. To get the soil layer location in spatial coordinates, the velocity of
electromagnetic wave propagation in soil was needed. Considering the velocity of electromagnetic wave
propagation in soil layers varying with the soil dielectric constants, the Short-Time Fourier Transform (STFT)
method was applied to the echo signals for dielectric constant analysis in the frequency domain. Soil layers with
different dielectric constant exhibited different characteristics in the STFT signals. After clustering analysis of
the soil layers, the relationship between STFT characteristic value and dielectric constant in a certain layer was
established based on regressive analysis. Then, the velocity of electromagnetic wave propagation in each soil
layer was determined using the dielectric constants. After the electromagnetic wave velocity of Ground
Penetrating Radar (GPR) was estimated, the location of layers' interface was further determined and then the
thickness of each soil layer was computed. To valid the effect of the above-mentioned methods, the echo signals
of soil, for both the ideal simulated experimental environment which has obvious layered interface and the

farmland environment whose layers have changed naturally, were collected. The experimental results show that,
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with the envelope detection method, layers not deeper than 70cm in the ideal simulated experimental
environment were 100% detected and for both the ideal simulated experimental environment and the farmland
environment, the detection rate of ground penetrating radar echo information reached 94.5%. The estimation of
ground penetrating radar echo velocity using STFT spectrum analysis shows that the calculation error of soil
thickness above 70 cm depth was mostly below 10%. Our findings suggest that the proprosed methodology can
effectively identify the stratification information of shallow soil and estimate the thickness of the soil. However,
surface vegetation, film mulching, soil voids, soil salinity, moisture heterogeneity, gradual change of soil layers,
and soil layer depth will all affect the accuracy of the detection. For example, with the increase of soil depth, the
error becomes larger. So, if the data acquisition spot is selected rationally, the proposed methodology can be
applied to plough layer thickness detection in practical fileds.

Key words: soil stratification; ground penetrating radar; envelope detection; short-time Fourier transform; soil
dielectric constant
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Fig. 1 Simulation environment construction and line distribution of the experimental station in Tongzhou, Beijing
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Fig. 2 Study area and the location of samples in Quzhou County, Hebei Province
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Fig. 4 Soil layer identification results based on ground penetrating radar by envelope detection in the simulated

experimental environment
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Fig. 5 Soil layer identification results based on ground penetrating radar by envelope detection in the actual farmland environment
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Fig. 7 Soil stratification of typical sample sites in study area in Quzhou County, Hebei Province
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Tab.1 Hierarchical data aggregation of soil configuration profile points in the study area
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