202142 1 Z?i[imwii?ﬁ ¥528H2M

doi;10.6041/j. issn. 1000-1298. 2021. 02. 020

EF VIS NIR HEMA RN LIEAK SN EEREAR

KEX'T x I o W OB OFT RRER kEE
(1. ERM K2 T 24BE, dbat 1000835 2. R R A AR E-HLAw Y RFEF AT N, Jbat 100083)

HE. BT 0K RIBIR BB A, T B XHER A L 0K b0 5, DU ARV Bl Ab B Bk 45 Bl 1%
PR BUSREFR NG . ASCUT T —Fhnl WS6—IT 2141 ( Visible and near-infrared , VIS — NIR ) 20 + 38 /K 4314 J% 4%
1 F S A FE B SR A R K 436 BE 1) 38 6 T 4500 , SR A Be /N 3 [0 I 7% ( Partial least squares regression,
PLSR) A THEAEA3HTT , 145 & 2 BRI 4 7 0k i A7 738 B i | 45 M1 OAS T) 498 4 7K 3 B SRR U B 43 I AE 410,540
780,970 nm Pt 3T 5 3 i X IX 4 Bl A HE AT A A JE B A BT, 18 B AR T A AR B VIS f1 NIR KA G R
410 nm 1 970 nm >R FX AP A R THE RS I EF TS0 30 = 100, 25 R 2 W ML BAs Sl IR I 4 K
(O ~3 mm) , WG B AR E TR AT 324 d 9 0 ~ 3 mm , RHEFTE A /KA TF 0. 69% ~28. 45% i, ELALH 5 i
M 2 M) ok 2 B AL RPIAH] 0. 81, /5 HE IR 2% (RMSE ) 9 2. 90% 5 24+ 3 i & /K R AL T 0. 69% ~22% i, HSH 5
TG 2 8] R*HEF 2 0. 93, MR ARIRZE MM 1. 72% , @A RIS, 6 B & MK R 0.05 B IRES
O BESE FE XL AR IE & TAERA B, RS RN, B 5 HEZ [ R4 0. 82 ,RMSE 4 1. 23% ,3# &
S B S (L7 UUE7 N U k) @ O i -

K T IEATLAN, RHEKOR s (EIRE R R TRl 25 E
FESES, 237 SHERFRIDED: A XEHS: 1000-1298(2021)02-0218-09 OSID. ﬁ':,j i

Soil Moisture Measurement Sensor Research in Seeding Ditch
Based on VIS — NIR
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Abstract: Soil moisture content (SMC) plays a vital role in seed germination and crop growth. It is of
great significance for precision agriculture to acquire the SMC of seed-dropping point in planting for the
sake of decision-making and depth-regulating of seeding. Thus, developing a proper SMC sensor will
contribute a lot to precision agriculture. An SMC sensor was designed by using visible and near-infrared
(VIS — NIR) light source. The spectral data of soil samples was collected by a high-resolution
spectrometer, then the partial least squares regression ( PLSR) was used for determining the optimal
pretreatment method, and various dimensionality reduction methods were employed to select the
characteristic wavelengths of soil moisture. It was concluded that the sensitive reflectance bands of
different SMC within 400 ~ 1 000 nm were around 410 nm, 540 nm, 780 nm and 970 nm. Through the
modeling analysis of combinations of two of these four wavelengths, the optimal wavelengths of VIS — NIR
light sources for prediction were selected as 410 nm and 970 nm, respectively. The results of experiments
conducted in the laboratory showed that when the distance between the sensor and the measured soil
surface was under 3 mm, within the range of 0. 69% ~28.45% SMC, the predicted and the measured
values appeared a justified linear correlation for which the coefficient of determination (R*) was 0. 81
while the root mean square error (RMSE) was 2. 90% ; within the range of 0. 69% ~22% SMC, the R’
of the linear model reached 0.93 and the RMSE was decreased to 1. 72% . The factorial test indicated
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that temperature and light scarcely had influence on the SMC sensor at 0.05 level. The results of

simulated field tests indicated that rocks and the process of acquire soil sampling may generate outliers.
The R? of the linear correlation reached 0. 82 and the RMSE was 1. 23% after the outliers were excluded
which met the requirement of SMC detection in most conditions of precision agriculture such as maize

planting.

Key words: visible and near-infrared; soil moisture content; sensor; precision planting; partial least

squares regression
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Tab.1 Results of different pretreating methods

oAb $ET5 1% R? RMSE /% R%, RMSE ¢y /% R} RMSE,/ %
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Fig.2 Results of different variables reduction methods
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Tab.2 Results of different wavelength combinations

MK A R? RMSE/% SD RPD
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410 nm +780 nm  0.82 1.83 3.97 2.18
410 nm +970 nm 0. 84 1.81 4.20 2.32
540 nm +780 nm  0.73 2.00 3.28 1.64
540 nm +970 nm  0.70 2.36 3.67 1.56
780 nm +970 nm 0. 86 2.48 6.03 2.43
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