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Fig. 1 Distance from peak to trough of electromagnetic wave
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Fig. 2 GPR profiles of the soil before and after irrigation
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Table 1 GPR travel time, velocity, dielectric constant and determination coefficient corresponding to soil cumulative infiltration

relative to time window
i RHRABT E A A HL AL TeE RAL

Time window Cumulative infiltration (L) Travel time (ns) Velocity (mns™')  Dielectric constant  Determination coefficient R

22m 0 11.9 0.198 2.300 0.820
1.65 11.95 0.197 2.326
3.3 11.8 0.200 2.250
4.95 11.7 0.202 2.200

1.57m 0 11.3 0.205 2.151 0.1
1.65 11.9 0.191 2.454
33 11.5 0.200 2.250
4.95 11.3 0.205 2.151

B — — — — 0.119

Total samples

mFEPrs, PR E SRR SREANINE 23 ETRIEZNIBRZD/NSENRNEE
KAWME3FR T 90 R B A 4R 5 e SRR B AY X
MERATLUEL, BRABRMKIG, ABE  BOCR RIS e m i R E R BN R 2R3 R,
W5 ZRABRIF VAT DB AR, PE H PPN MR, Pri R RO IIETL,
G R MM 2 B2, NI 3 PR E R AL Pr2don T2, GAFRIRITI I I, Gridk
K, PRI 5 5 1 A S REAS A O 2R KU NP, Gr2am RO WA 2. A FKm i
UEIZB R ARG HEARG . AR P22, AREMERA S e TP IR DA RIS, A, SRR S I e B
HRMABH, AHIEEES 1, AR R D g R A B 2.
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Fig. 3 Fitting curve of dielectric constant and soil cumulative ﬁﬁtbﬁ&%%%{ﬁ‘]%{fﬁ s ﬁﬁ%fiﬁfﬁilﬂi/ﬁ’l

infiltration E‘J}Eﬂﬁﬁfﬂﬂ%m/\@ﬁ%@ﬁﬁ{‘% 5 W%E"Jmﬁﬂ\é

R2 TR RFRNE S XL HY M 5 0 59 K R 4R 18

Table 2 Amplitudes of ground wave and reflection wave relative to soil cumulative infiltration

ZRABRE
Cumulative Pd Gd A, Pri Grl A, Pr2 Gr2 A,
infiltration

0 7.470%x10° -1.317 x 10* 2.064 x 10* 3.038x 10’ 2.086x 10° 9.523 x10° 2.489x 10° -1.189x 10° 3.677 x 10°

1.65 9.439x10° -1.782x 10* 2.726x 10" 2.589x 10’ 2.528 x 10’ 6.067 3.836x 10° -1.567x 10° 5.403 x 10°
3.3 8.563x 10° -1.783x 10" 2.640x 10* 3.295x 10’ 3.220x 10’ 7.500 3.909 x 10 -2.083x 10° 5.991 x 10°

4.95 8.916 x 10° -1.871x 10* 2.762x10* 3.903x 10’ 3.917 x 10’ -1.400 4.527%x10° -2.224x10° 6.752x 10’

T3 TRMERBHAFERLTRIANEZESGPRIRBEIRERY
Table 3 Determination coefficient of cumulative infiltration ( R*) and GPR amplitude relative to time windows and total samples

ﬁﬁZ’KSample Pd Gd A

Prl Grl A Pr2 Gr2 A,

d rl

1.57 mHf % 1.57 m time window 0.823 0.965 0.940 0.854 0.986 0.917 0.929 0.999 0.968

2.2 mif 2.2 m time window 0.602 0.920 0.857 0.913 0.999 0.919 0.925 0.981 0.983

SR Total samples 0.701 0.943 0.896 0.812 0.962 0.890 0.866 0.925 0.917
a HIX i Relative amplitude b FAF 4 Relative amplitude c FAFHEIE Relative amplitude
1500 2000 2500 3000 3500 4000 4500 -19.000 —18 000 =17 000 ~16 000 ~15 000 =14 000 =13 000 | -2500 -2000 -1500 =1000 =500
6 T T . T . ) 6 : : : : - ) 6 T - : )
3 .
T OO y=6E-07¢+ 0.0061x-10233 9 S y=3E-07x*+ 0.0099x+ 71,548 ST % y=2E-06x+0.0038x+ 14933
=S o4t R=0.9617 2 Alk R=0.943 Al
% £ > :
<E 3} < 3r 3r
;ég.? 5L 7 y=0.0025x-5.073 Al Al
5 R*=0.9496
E 1f 1t Lk
3
or ot or
-1 L -1L -k

e a TS s b IS o P20 Note: a. the reflection wave 1, b. the ground direct wave , c. the reflection wave 2
El4  IEAIRIES BRAB SN AHALIE KR

Fig. 4 Fitting relationship between trough amplitude and total of the soil cumulative infiltration samples
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Method for Measurement of Soil Cumulative Infiltration Based on Low
Frequency GPR
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Abstract  [Objective] Accurately assessing soil cumulative infiltration is essential to many field
irrigation management and saline soil amelioration projects. However, the measurement of soil cumulative
infiltration using the conventional methods has a number of defects, like costly, destructive and time-
consuming. In addition, because soil infiltration is spatially variable, these point measurement techniques
are of limited value in assessing the soil cumulative infiltration over a large area. The technique of Ground
Penetrating Radar ( GPR ) can be used to collect the data non-destructively and instantly over a large area.
Therefore, the technique is much higher than the conventional methods in potentiality and applicability for
use to assess soil cumulative infiltration on a field scale. [Method] In order to show that soil cumulative
infiltration can be extracted from low frequency GPR data in the case of a loamy soil, a controlled soil
and irrigation experiment was carried out. During the experiment, a 250 MHz antenna was used to collect
GPR data for analysis of radargrams before and after the irrigation. Based on the radargrams obtained a soil
infiltration estimation model was constructed using the electromagnetic wave amplitude recorded by the
GPR. Then the model was compared with the electromagnetic wave speed model in accuracy and time window
stability. [Result] Results show that the determination coefficient of electromagnetic wave speed and soil
cumulative infiltration was 0.8, 0.1 and 0.12 in the 2.2 m time window, 1.57 m time window and total of the
samples, respectively, indicating that the electromagnetic wave speed model depends on time windows,
and is low in stability and precision, so the model is not good enough to reflect soil cumulative infiltrations.
While GPR amplitude was found to be more sensitive to variation of soil cumulative infiltration. Among the
electromagnetic wave amplitude parameters, the determination coefficient of trough amplitude of Reflection
Wave I and soil cumulative infiltration was 0.999, 0.986 and 0.962 in the 2.2 m time window, 1.57 m time

window and total of the samples, respectively, and the determination coefficient of the trough amplitude
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of Reflection Wave II and soil cumulative infiltration was 0.981, 0.999 and 0.925, respectively. while the
determination coefficient of trough amplitude of the ground direct wave and soil cumulative infiltration was
0.920, 0.965 and 0.943, respectively. By following the principle of the highest determination coefficient,
this paper selected the trough amplitude of Reflection Wave I in constructing the GPR model for detection of
soil cumulative infiltration, thus bringing the determination coefficient up to 0.96. [ Conclusion] In brief,
the electromagnetic wave amplitude model is higher than the wave speed model in precision and stability, and
can be used to monitor and estimate soil cumulat iveinfiltration.The trough amplitude of Reflection Wave I is
an ideal indicator to be used to effectively monitor soil cumulative infiltration. Therefore, the low frequency
GPR can be used to accurately detect soil cumulative infiltration. All the findings in this research may provide
a new way for the detection of soil cumulative infiltration on field scales, and also a scientific basis for further
application GPR to the field of soil science.

Key words Low frequency GPR; Soil cumulative infiltration; Non-destructive detection
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