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Abstract: The attenuation of GNSS signals in soil is of great significance for the related research of using
GNSS signals to measure soil moisture. In this paper, for the first time, the attenuation of BDS (BeiDou
navigation satellite system) and GPS (global positioning system) signals in the soil was studied through
experiments. In the experimental design. the GNSS antenna was placed into the soil, then the soil thickness
and moisture above the antenna were continuously changed to collect the power attenuation data of the
GNSS signal. Finally, these data were used to retrieve soil moisture in order to validate the GNSS signal
attenuation model. Experimental results show that soil can significantly attenuate GNSS signals. The
greater the soil moisture value and thickness value is, the more severe the attenuation is. In the case of
clay type soil and soil moisture of 0.15 ~ 0.30 cm’/cm’, the GNSS signal power has been attenuated to be
undetectable by the GNSS receiver when the soil thickness reaches 21 cm. Further retrieval of soil moisture
based on the GNSS signal attenuation model was carried out, the results show that the attenuation model
is more accurate when the soil thickness is larger than or equal to 10 cm and when the satellite elevation
angle is larger than 50°. And under this situation, the root mean square error of soil moisture retrieval using
BeiDou B1 signal and GPS L1 signal is less than 0.04 cm’/cm® and 0.09 cm® /cm’ , respectively.

Key words: soil moisture measurement; BDS; signal attenuation; carrier-to-noise ratio; effective remote
sensing depth
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Fig.1 Scenario of GNSS signal attenuation model for soil
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Fig.2 The attenuation of GNSS signal power with respect to soil moisture and soil thickness
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Tab.1 Detail information of all the experiment stages
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1 2019-03-23-—2019-03-30 3 3 1 0.090 0~0.324 5
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Fig.4 The variation of the number of observed satellites in BDS and GPS during the experiment
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Fig.7 The variation of GNSS signal power with respect to soil moisture and soil thickness

M8 Ha LAE i, 24 R K F] 18 em
I, GNSS {55 5 28 i s 08 9 A 25 " 52, (R b e
18 em JEEJE ;AT 75 - eI 8 A/ o B A S
TR, GNSS {55 A4 fE 08 % i + M #¢ GNSS
KLk 2 Felie, AT AT LS HY 2R 8 T >4 - 3

JEREIRF] 21 em W R WHLE TIE I 45 5 DR

2 EXTE 8 Fran g R Bk, B
1A B BT WL 2 f) i R R A B Y
e S 5 S - R JRE ] A AT O R KA B S T
3% 7 iR 2%

F2 I GPSRGZFIEEBERBERITHER

Tab.2 The statistical results of soil moisture retrieval from BDS and GPS
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