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Figure 1  Classification of soil moisture monitoring techniques
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Table 1 Monitoring methods and their advantages and disadvantages under different soil moisture monitoring methods
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Figure 2 Soil moisture measurement site by drying method
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Figure 3 High spatial resolution soil moisture monitoring device

based on resistance method
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Table 2 Development status of soil moisture monitoring technology using neutron method
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Table 3 Development status of soil moisture monitoring technology based on dielectric method
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Figure 4 Near infrared soil moisture online monltoring device
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Figure 6  Surface soil moisture distribution
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Table 4 Development status of soil moisture monitoring technology based on remote sensing at home and abroad
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Figure 7 Mobile TDR soil moisture monitoring device
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Table 5 Development status of soil moisture monitoring technology based on machine learning method
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Table 6 Application status of soil moisture monitoring technology based on deep learning method

¥ W58 AR
LIOU % BF TR AMSR-E £ i Bt SMOS (1 2 i) B 72 iR B 9E 17 1+ 587K 43 S 36 (10 1 25 199 465 1F 5
WRE AR A SR TIAR 1) i bR RO 220 000 405 T R T i A S O ST AR 0 T AL K - S AR W 1) MRS B4R B T 6.06 %%

SENTI& 77 .
v ) W

HU %153,

FIH N T M 43547 T 5T AMSR-E/AMSR-2 1 C, X, Fl Ka I B 52 18 5008 1Y 1 S50 005 55 Wil 91 HRE % 3k 3]

i P A AR 2 ) 26 B0 B T 1 R T TR B SRR R T e S A N O TR ) 3 R

DRI “7 ) Bk AE Ak BB At 68 ) b HeAR 5 iy
DIt 2= R R S NS B U A ) o B4 € MR S
FPAE TR BE 2% > 18 0% B o o b 4 2 500 1) o e R L
71T 5 B v 00RIOHS B 4 TN, 35 T 5 2R MU 4 e 37
T 8CE AYAL BE o (EZBVE A AR A 0 B o i A
F1% 1 JEE AR Wi 7R R R BRI B B R
SR VLB S B U S AN I 2 Ak

4 TERBFEVNESLHLETERAR

T 24 1Y Al U S 1 35 A A N
B 2 AR IE O T, I 22 1 - 30 ARy L i, 2% ol
JE R TH ] 20355 B A8 DL B B 52 0 SR, B 2 N T 3
S AN W7 M 3 A A2 1 e A P A )l

2 BN 2 RN R A S0 1 i R R A
A, XN R —ZERE LR EESRE.
FIRIT , A fif Rk — ] 3L, 38 5 >R FH IR 75 15 5 Ak 1 22 9
T Rl A SR A AR T A B R R B M R A
T PG 5 BEAT U0 AL, LU DR M 00 K di 1) RS W 5 A ]
M
4.1 RERFESLE

W e {5 Ak LR X M A A S EAT U o0 2R Ak
JHLFI A A A — ol B R A PR M DN 4 e = i
DB O R RS 2 MO SRS R S
B A L LS B A o R0 MR A R R B AR
L ] P A S I 15 0 R 5 v M R A S Ak B T 9 I
MBLRANR 7 Fs

®7T TEBBFENREPRERFESLOEAEEAIK

Table 7 Application status of noise signal processing methods in soil moisture monitoring systems
¥ W58 AR

MOUAZEN  $:F I 208635 ik 09 B TF K 1 — 3 nT UL 2 0 S 155 W 00 2 32285 8 R HH Savitzky — Golay I8 I 72 X 2 HUA9 Ol
s TR 5 AT 9 AL B R A o g M e AR T T2 B WK

BT IR BRI T — Rl s IR B b SRR M R BT % A G T AR O DA D R 0 AU 5 v A e A 2 g S

L e [54]
LS TRAE S R i L 96 A2 K R S AR I R sk
p— T o A R B T T — A DI RE - S W ZR G5 L 1% 2R o ) P A G 1 R R o A DA S A M
I R AS S AR DI RE 2 ) S5 1), 5 T W kS S
g BT BRI TT R T ok S 0 AR A R U OF AR UL 8 R A T AR A DR D5
e AT 4+ 52 B4 A b T 7 010 e 7 40, 3 o 32 P R ) 4% J2 - B 175 HE AT 10 L JEC 0 0 452 25 P51/ T 2.5.%
WANG 4567 BT L0 MG IS 1 SRR T T — 2 LAk 2 - R W 2R G5 L % R 0 A W 3 3o K T 5% A S 9 R = 4

75 U1 e 5 5k T0 TR UE 0 i U R MR 75 A 5 A 5, 4R T2 2R G A T [ 17 M 6 G S

SUTE T B0 (9 A2 B 43 AT R AL B 3R o R 1 il v
SR B AN A s, DU IE R 22 42w R R
BERRE . AT M R S 2 RS S Ra
FIMEE T3k B o7 BRI 40 2% 8 TR o

4.2 ZFEESHERIME

Z WG TS MAME R R T RlG 2R 2 1% 3%
R PR A B A S A e BRI T N
A I I, AT 2 R T A R A A IS B, PR 2



58 B RE AL AR L2 A 2 4 (R IS0

2024 4%

*8 IEWMBUENZZNESEESHERIMETENAIK

Table 8 Application status of multi-source signal fusion and compensation methods in soil moisture monitoring systems
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Current status and development trends of soil moisture
monitoring technologies
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(1. College of Engineering, Heilongjiang Bayi Agricultural University, Daging 163319, China; 2. Intelligent
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Abstract: As agricultural production continues to increase its requirements for field management, traditional agricultural
machinery and equipment have gradually become difficult to meet the production needs of modern smart agriculture. In this
context, soil moisture monitoring technology, as a key means of obtaining soil moisture information in modern agricultural
management, is playing an important role in promoting the development of agricultural machinery towards intelligence and
automation. Therefore, this study thoroughly reviews and analyzes the current research status of soil moisture monitoring
technology at home and abroad, focusing on the research progress of three aspects of soil moisture monitoring methods and
principles, model construction algorithms, and signal processing methods. Through comparative analysis, the differences and
similarities in monitoring methods, principles, model construction algorithms, and signal processing methods at home and
abroad, as well as the problems and challenges in practical applications, are summarized. The future development trends of
soil moisture monitoring technology in these three aspects are proposed: in terms of soil moisture monitoring methods, a
multi-source soil moisture monitoring information platform is constructed to achieve more comprehensive data collection and
analysis; In terms of model construction algorithms, machine learning and deep learning algorithms are adopted to customize
model algorithm modules for different soil environments and working scenarios, improving the accuracy and applicability of
monitoring equipment; In terms of signal processing, the application of multi-source signal fusion technology is strengthened
to reduce the impact of the working environment on monitoring equipment.

Keywords: soil moisture; airborne monitoring; in situ monitoring ; machine learning; deep learning; signal processing



