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AR (B D BUNTG E T 5 RHLERAET IR
TR GRS RSN 25 mmx25 mmx17.5 mm,
2115 g, WK HEFRN 15~25 nm, PR 0N i KN
0.1 nm/°C, {5MELE>10 000, #4 USB 57 2.0 HifpidE
W, FEEFENE . ELRMGREIRA R

1

a. MRS N FRL5 1
a. Internal structure of sensor
LESS R 2080l 3EDRIEEEAR 4. 32 CED I R AR
SRBRIERAR 6. AIORIE 7 AN B AN IRI 2
1.Exchange reflective optical elements  2.Light through hole 3. Printed circuit

b, fEIRES S

b. Physical drawing of sensor

board 4.Interface printed circuit board 5.Circuit connection board
6.Tungsten lamp light source  7.External InGaAs detector

B1 #RETE
Fig.1 Schematic diagram of sensor

AR AT B 3, BRI 2, f%
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PR, BT RN GAE — R RE T b R D R B
S5O 0TA AT R OR PR MR ) 39838 S S R oR ) DG 2k
REDGIERNE TR . B RAMAE KA RS &
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f !
B2 HREFELEHER
Fig.2 Sectional view of sensor packaging structure

1.2 FrEseM#A
T BRI B 25 K AT S s 3 B

a. HELH b. R B9

a. Device structure diagram b. Physical drawing of device

LAMBHERNL 2RO 32T 4N SRR
6 R AL RS TP AL 8RS 9. MR 103404kt dE
KGRI

1.Closed loop stepping motor 2.Limit switch 3.Sliding connection modul
4.Rack 5.Blowing solenoid valve 6.Ultrasonic sensor 7.Open loop stepping
motor 8.Rotating platform 9.Reference plate 10.Soil moisture sensor

B3 it cER

Fig.3 Schematic diagram of lifting detection mechanism

BARR B, IR E TR, TME
T H5IHMANIER, (LRI TAEN, Kk se g
&R = LKy, MELSRETHE, WSk E e
B FEFEAT ML AL BE R AT R SE N 270 mmx200 mmx
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ST P IS A e 900, ITLL AR IR ML S 10 FATE
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Fig4 Work flow chart of lifting detection mechanism
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2.1 HBEIEHE

2 (8 B HIREH RS 2h i 455 1 A 22 s, o T3 L.
PEHILR s . PLC 25 ossfF 25— AT, Wi s
IV

L4l 278K 3.FaNLIKEh s 44558 PLC SALRUEMIR 6. RETTK
7ALRM 84fk  9¥AZAR 10.THML 11LIRRIT

1.Button 2.Transformer 3.Motor driver 4.Xinjie PLC 5.Analog module
6.Power switch 7.Lithium battery 8Plug 9.Transformer 10.Industrial
computer 11.Indicator light

B5 wAAA AN

Fig.5 Composition structure diagram of electrical box

KARGEH] PLC A MR, Il s Ak
5 KR BHE SR HBIEE S, B R 5 ) L
FEHL 10 VE A AN B EAR . IES) 7T 36V-20AH £
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JE 240V, TAEHRAZEH A, TAEREASE 9 Sk Bl
ML AL RS, T B R 4% 2 0% 36 V LR b 240 V
TAEH S . FSAR WA £ 1A 7 TV B #HLT 5%
AE ST o
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A AEHEIE SR ), A A/D. D/A B DiRg, AR
DS, e B IR SR . @i PLC RSk
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3) I WA E R I xof 3 K 0 A SRR AR A TR AT R
WC, R A JR At B T K 242

PE R G0 A N ] B AL A, RS B A I AR
E — A4, AR B AR v] DAz f A R B Ak
SERRE KA .
2.2 ENRE

NUERRI I EK R SRS EER, AR
LNz 2 XK 28 521} %43 (Real Time Kinematic, RTK)
ENL RS (K 6) . B RZ 1 HAE 150 mm, 5 63.7 mm,
PIRZAHEE 1.8 m, BER TR RMLTES . Helleds 2 SMER
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1. Positioning antenna  2.Receiver 3.Lithium battery
B 6 Jt+RTK A%%ETEH
Fig.6 Installation diagram of
Beidou Real Time Kinematic (RTK) system
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Fig.7 Spectral curve of black soil sample in Yunnan
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Mg RIS Bt e, (I BETE (NYTS52-1987)
PAF R PR EKE, KUK RN TRt Ars .
PRI 105 CHUER T, fEIRME 12 h LERAKD .

MR R IR E, WA (D iHE RS g
FE SR Bk 2
kg i) =272 x100%
m, —n
K mg NTHEF TR E, g m NHETRTRA &+
PR, g m AT RN A LERE, g.
3.4 FUMRBEYES S

VIS bR K B S WAL E S T 41 A 1 e 1E
NEESE, KA/ 1% (Partial Least Squares
Regression, PLSR) AT HEAIM 2 . SR SPXY (Set
Partitioning based on joint X-Y distance) FEEP I} 135
FERBEATRI 235 BFFh 3 250 MEARTT 70%1E AL IE4E,
30%E A TIINER o B B 10 E S U RIS
SR, SR — Ll N g B it A7 B B A, DA
RIEERFEA T &, BRI f5 S 254 AL 3R I AR 52 i,
PR A M . AR BB 1) U E B3 (Coefficient of
Determination, R*) . ¥J5HRi%% (Root Mean Squared
Error, RMSE) HIGIBA i &, R* K, RMSE /), i
WA S TR (v ek i 0 5% 8 H 3R 3R 2 K 4 T A
Rk 8 fris .

HPE 8 A1, %2 E TR R BI7E 0.9 UL I,
RMSE #J7E 2 DL oo B PR s A A, Tl Y
R f s, 5500982 3, Wh-b- ke, Bk, TN
R R A%, HHIAF] 0.929, 3% AL f1 Fi0 78 3R F
IKEEE, KA, S FRAD A% & 7K 21 4
I FEW AL R BRI AR B )
P, BG4 g il B 31T PLSR 515 21 1K 43
SRR (& 8e) , HIEMAMIRHHALI AR, R
BF) 0.933 4, B — LI R KA FEAG, (R4
TR ) T P 0, TS R 2 B RIS K E R T .

(D

121 y=0.858 1x+1.297 9 301 y=0.942 4x+0.855 3 301 1=0.933 5x+1.033 6 o 22r y=0.975 6x+0.406 7 301=0.956 4x+1.055 5
2 R=0.942 0 > = R=0.982 3 D, S R=0.929 0 28 2 R*=0.943 2 2 R=0.933 4 )
g RMSE=0.258 § g RMSE=10829 /& ° & RMSE=1546 £9 T ,| RMSE=0.37606 g g
2ot 4 £ 20¢ 220t y £ 220t
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3 3 3 S 18f 3
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B | B |% B B B 8
s L s 0 L L . 0 L L , L L L s 0 L L \
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Sl i Measured value S {E Measured value Sl Measured value 92l Measured value Sl Measured value
a Z+ b. Mt c. bt d. vt e. L HEK 7 RARAR
a. Red soil b. Black soil ¢. Sandy soil d. Yellow cinnamon soil e. General model of soil moisture
B8 KoyTmsEa

Fig.8 Soil moisture model
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a. RS A b. Kl R G0 5 R LA
a. Test site b. Integration diagram of detection system

transplanter

LAES} RTK GEfL RS 2. AGINGE 3.0 4. RIS
1.BeiDou RTK positioning system 2.Automatic detection device 3.Electric
box 4.Industrial computer screen

B 10 XKML, 5 BAR T 2 Yk F B AU AR
Fig.10 Test site and integration diagram of detection system and
transplanter

LRI F R RS T 2021 4 11 A 3 HAETLI)
SUTPHEX A 7 St T HEAT (U] 102D o 136
TR AR T, WAL 200 m?, GERCLH 3 SRR

RPEE B IR X dK, 2B 222008 120 mm.
RIGTF 46 AH B SIS 2% B 2 23 E B LA T 7 AL
ZR L, RIS EE B KT B BN 225 mm, HASFEETE
FRARME L, SNFE LA, 15 B AL e E S
FER BRI R 55 o A 7 AR AR SR B 7 (7] — s B
FERE, BEARMLLL 0.3 m/s IR EATIHE N, B0 18 s 154,
FEER S B N TR LR, IK AL AR IE S
&3 KA ERE TSRS E.
4.2 RBWERSHH

Bk RTK EAL R G5 33K B G B ik B
AHIE B RAFE R R, SRER—RFF R Z LBOK M ERS
ENAS B IFFRIC R SO E . 3K R I R B
SEAL RGNS A A bR B S LS KBS Bl
Boxt. B4, P85 AR A RAE & SLbr & K& .

[ — SR At 3 VK, M EE A5 SRS A A 3.3 5 7 vkt
B R AT R UCIURE . TIARER . BRI B A5 20
TR TS K ESEE . SRA SPSS26.0 it/ i fFit
ITHRZE T Z 0T, IS5 R LI + A 2= 1 R
For, AR (2) TR S K EFINE S S E i
MFFRE (5, %) .

&Z%xﬂm% 2

A A B RS TR 3548 5 BRI E 75 HS A Sl 2
5] ) ZE A A A5 B, L S

1 A& BARNLLL 0.3 m/s 3 TAER, +3%EK
I3 A8 R AR e A BN R B Hh R IR K A B . b 12,
23 SN S HE IR, 5 R AT RE AR K AR R
ERT R, PR IER Y, (1SR B T R
M)+ 17 S IE S HIE /N, TR AR 10 &
A B HILERBORRIMNYT, FFENLA R 22T 2k i K&
&, BAARERHEEIE. &5, % 3 AR%
Hsh, LIEE/KETNME S LM EREAR - xR
ZHIVEEN 0.18%~14.46%, PN IRZEN 7.77%, 7]\
T 10%, ViEHA R gL s 5 s B iC & B 4 HE
A I A FH -3 R 2 & KR

F 1 RRSEHERERES
Table 1  Error analysis of sensor in field test
i Ry . N Ry o
S‘Tmﬁlig G Sqil moisture conteflt/% *Eé?;?v% Sfmﬁlig | GUBRE Soil moisture content/% *EZ?; zz‘v%
point Position in formation/(°) Tjﬁgﬂlj 14 S error/% point Position in formation/(°) Tﬁ?}ﬂﬂ{ﬁ S arror/%
Predictive value Measured value Predictive value Measured value

1 3220263, 11929324  16.43+0.30 17.36 5.36 17 32.205 63, 119.297 57 0.7 /

2 32.20557, 119.29756  15.19+0.31 16.75 9.33 18 32.205 60, 119.297 58 12.66+0.20 14.23 11.03
3 3220561, 119.297 54  15.59+0.06 16.57 5.89 19 3220557, 119.297 60  13.94+0.40 15.13 10.20
4 3220565, 119.297 52 11.9+0.23 13.32 14.46 20 32.20555, 119.297 61 16.64+0.10 17.81 11.03
5 3220567, 11929750 10.68+0.15 12.14 11.97 21 32.20552, 119.297 59 17.47+0.12 17.63 10.20
6 3220570, 119.297 48 9.56+0.23 11.08 13.72 22 3220552, 119.297 56 16.75+0.20 16.96 6.57
7 3220573, 119.29746  7.55+0.15 8.83 1445 23 32.20553, 119.297 53 -253.7 /

8 3220575, 119.29745 10.44+0.21 11.52 9.35 24 32.205 56, 119.297 52 16.59+0.31 17.45 4.91

9 32.20578, 119.29743  11.39+0.15 13.32 7.52 25 3220559, 119.297 51 17.154+0.40 17.12 0.18
10 3220578, 119.29744  17.53+0.10 17.95 2.34 26 32.205 61, 119.297 50 21.90+0.40 19.53 12.11
11 32.20578, 119.29747  16.64+0.12 17.62 5.52 27 32.205 64, 119.297 48 15.35+0.17 16.33 6.00
12 32.20575, 119.297 49 -121.24 / 28 32.205 67, 119.297 47 12.35+0.17 13.58 9.06
13 32.20572, 119.29750 16.47+0.25 17.54 6.08 29 3220569, 119.297 45 9.94+0.50 11.54 13.84
14 32.20570, 119.29752  17.65+0.23 17.62 0.15 30 3220572, 119.29744  13.41+0.06 15.21 11.86
15 32.20567, 119.297 54  16.65+0.12 17.52 4.98 31 3220575, 119.297 42 15.814+0.20 16.15 2.11
16 3220565, 119.29755 24.25+0.00 21.46 13.00 32 32.20577, 119.297 41 13.32+0.20 14.62 8.90
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4.3 TEEKESHENEK
MR HE AL (4 B - g I TAE 7 &) KA
B IERE RN AR bR A R AN Fe bR oL
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i, 0=30%
I, 18.5% < 6 <30%
Y, =1 3E, 15% < 0<18.5% (3
HlE, 12%<60<15%
T8, 0<12%
KA Y, AT IEEIKE 0(%) FITESELL, 43 iTE; T
T BFORATR S NS MR TSR - 4 T K
BEBRAENEELESKE AR i 1D, %K
BB RZE K E B ik, iEAMTEMR 72
FH [A] 24 Ab 3R 2 338K 15 B
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Note: 0 is the soil moisture content.
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Fig.11 Distribution map of surface soil moisture content
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1) AW 5k T30 B30 % T i3 21 S MG S
TR AR R R R AR A RS, 1% R AR
Sy AL H B TAE B . AR AR A b S XOR 2 S
L N R G ALK

2) AR 5T AL P ARG, SRR
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Development of an airborne non-contact near-infrared soil moisture
detection system
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Abstract: A non-contact and online detection system was developed for the soil moisture using Fabry Perot interference
near-infrared chip. A large number of points were reduced for the cost-saving and non-destruction of the cultivated layer after
the probe of the soil moisture sensor was inserted into the soil. The hardware of the system consisted of an airborne automatic
detection device, an electrical control box, and Beidou dual antenna real-time differential positioning. The specific sensors
were then selected to detect the soil water content. The packaging of the module was designed to protect the internal structure
of the sensor from damage. A lifting detection device was used to control the soil moisture sensor onto the soil surface for the
detection. The obstacle avoidance of the device with the ultrasonic sensor was installed to realize the automatic positioning of
the measured height. The spectral data in the range of 1 750-2 150 mm was collected from the soil samples with different water
content and types. A partial least squares (PLS) prediction model was established for the water content of the soil surface. The
determination coefficients of all prediction models were above 0.9. There was a high curve fitting degree of the overall soil
model, where the R* reached 0.933 4. Although there was slightly lower than that of the single soil prediction model, there was
a high universality of the overall model suitable for the prediction of most soil water content. Furthermore, the secondary
development of the sensor data acquisition was realized to embed the prediction model of soil water content into the original
near-infrared sensing chip system. As such, the measured value of soil water content and the corresponding spectral data curve
were more intuitively displayed on the industrial computer in real time, when measuring soil samples. The measured distance
information by the ultrasonic sensor was transformed into the voltage signals using the cooperated Xinjie PLC and analog
module. The closed-loop stepping motor was utilized to adjust the height of the soil moisture sensor in real time, according to
the PLC feedback signals, thereby realizing the coordination between the positioning system and the detection device.
Correspondingly, a trial prototype was fabricated to integrate the near-infrared detection system of soil moisture and the
automatic self-propelled transplanter. The field test results show that the soil moisture sensor after online calibration was
dropped onto the soil surface with the lifting detection mechanism for measurement when the transplanter moved at the
inspection speed of 0.3 m/s. After that, the moisture content value rose within 5 s, after the real-time display of the moisture
content on the industrial computer. The measured water content of surface soil was combined with the positioning of the
Beidou RTK system, thereby calculating the soil moisture content under the accurate longitude and latitude. The distribution
map of soil moisture content was generated on the measured plot. Subsequently, the sampling points after the test were
sampled, pretreated, dried, and calculated to obtain the actual moisture content of the sampling points, where the relative error
was calculated between the measured and actual moisture content. Consequently, the measured soil moisture content in the test
was basically consistent with the actual one, where the relative error of continuous detection was less than 10%. The
distribution map of soil surface water content can be expected to directly match the early warning level of soil moisture for the
visualization of the abstract information. Therefore, the soil moisture information of the field can be detected to accurately
display in real time. The finding can provide a strong reference and practical significance for the variable irrigation, such as the
sprinkler and drip irrigation, thereby optimizing the regional water and soil adaptation in the spatiotemporal pattern of water
productivity. Intelligent agricultural machinery can also be created to fully realize the “border inspection and side
management” of field management.

Keywords: near infrared; nondestructive testing; soil moisture; intelligent agricultural equipment



