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Monitoring Soil Moisture Content Using Early-signal of GPR Amplitude
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(1 College of Resources and Environmental Engineering, Guizhou University, Guiyang 550025, China; 2 Key Lab of Karst
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Abstract: In order to study the relationship between the amplitude of the early-time-signal of GPR and the soil moisture content ,
a physical model was established and seven groups of soils with different water contents were prepared. 300, 400, and 900 MHz
GPR antennas were used for detection. Three typical periods of the early-time-signals of GPR (first signal onset, first positive half
cycle and first half cycle) were selected to calculate volume moisture. Firstly, Hilbert transform was used to calculate the envelop
amplitude, then the reciprocal of their average of the three corresponding periods were calculated respectively, finally the
relationship between the reciprocal of the average envelope amplitude and the results of moisture measured by the drying method
were fitted. All fitting results showed linear correlation and the correlation coefficients were 0.883, 0.926 and 0.867, respectively.
But the reciprocal of the amplitude envelope in the first positive half cycle had the best fitting effect with soil volume moisture,
and it’s average relative error of moisture content was 0.483%, the average relative standard deviation between volume moisture
calculated by the soil dielectric constant test and the Topp formula and the measured volume moisture was 1.069%. In conclusion,
it is more accurate to predict the moisture of soil by studying the reciprocal of the radar wave average envelope amplitude in the
first positive half cycle with the AEA method.

Key words: Early-signal of GPR; Soil moisture content; Hilbert transform; Average envelope amplitude
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Table 1 Parameters related to dielectric constant test

5 to(ns) # (ns) At(ns) 2h(m)  V(m/ns) £ S S KFE(em’/em’)  Topp AR ITHH (em’/em?)
1 2.578 5.936 3.358 0.46 0.137 4.796 0.052 6 0.074 9
2 2.417 6.258 3.841 0.46 0.120 6.275 0.081 2 0.109 6
3 1.797 6.096 4.299 0.46 0.107 7.861 0.1217 0.144 6
4 2.426 6.794 4.368 0.46 0.105 8.115 0.132'1 0.1500
5 2.556 7.139 4.583 0.46 0.100 8.934 0.140 8 0.167 0
6 2.617 7.344 4.727 0.46 0.097 9.504 0.167 9 0.178 5
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Table 2  Fitting results between reciprocal of envelope amplitude and soil moisture in first positive half cycle

31 % (MHz) EHRRR PE ZHR)
300 3 =0.9553x-1.769 5 0.896
400 3=0.297 2x—0.350 4 0.920
900 y=-0.5167x+0.8627 0.870
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