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Design and Performance Analysis of Cone-type Forest Soil
Moisture Sensor Based on Standing Wave Principle
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(1. School of Technology, Beijing Forestry University, Beijing 100083, China
2. Beijing Laboratory of Urban and Rural Ecological Environment, Beijing Forestry University, Beijing 100083, China)

Abstract: The soil in forest area is more complicated than the soil in farmland, and the performance
structure of real-time measuring instrument of water content is more demanding, in order to improve the
measurement performance and usability of the existing soil moisture sensor in the forest area, on the basis
of optimizing the sensor structure, the cone-type forest soil moisture sensor was designed based on
standing wave principle. Cone angle was 30°, probe diameter was 20 mm and probe length was 150 mm.
The transverse impact scope of the sensor was 10 cm and vertical scope was 18 cm, and the output linear
fitting decision coefficient was over 0. 96. Static and dynamic analysis showed that the measurement range
of the sensor was from zero to saturated soil moisture content of clay soil, the measurement accuracy was
3% , the stability standard deviation was 0. 49% , the overshoot was 0. 48% and the transition time was
0.582 s. The linear fitting determination coefficient of the measurement results was above 0.97 by
comparing with TDR ( TRIME — HD2, Germany) , the results of the two measurements were basically the
same, and the results showed that the designed sensor met the actual application requirements. But the
designed sensor was more suitable for measuring soil moisture in the forest area and more convenient to
use, it provided an effective means for forest tending and forest ecological monitoring.

Key words: soil moisture content sensor; standing wave principle; forest zone; design

0 3

il

S S 3 R B R S U, K 23 0 LA AR
F, 35 K A 28 Al Rl LA S 3 Al B0 395 2% R 0

KOy R A MOTER AR A GE BEHKEE . HAT RS KRR AR R AL

Wi H . 2018 —02-28 & H . 2018 -05-16

ESTIH: @i EAR 55 25 % 5% 405 H (20152CQ — GX —04) | [E 5K T & & 112155 H (2017 YFD0600901 ) At 5¢ 17 B 47 1 %) 55
H (Z161100000916012) FI% £ A A IR B0 5t 5256 % (JL L T & 5 T H

EZEEI: MR (1992—) 5, Wi, 2S4S G B AN 5 4% I # 5% , E-mail ; thel015@ bjfu. edu. cn

BEMEE: BMEAR(1965—) 2, B2, 1 1A T 0, 28 A28 545 B2 BB KLU 55 4% 1 B 5% , E-mail : yandongzh@ bjfu. edu. cn



5 8 1)

PHSE A T 5 Ol J5O R ) bR IX o8 5 K R A B T 5 PR RE A 195

TALE EBHE AR Y B A
Delta — t /A & /] ThetaProbe Bl {4 J8#s 5 E IMKO 2
A1) TRIME — HD2 7 4 38 5% 7K A% Ji& 2% | Sentek 23
A] EnviroSCAN + 385 /K R 2k & 48 M b 5t Aol K
2 WK BD I8 4 88 5 K R AL,
ARIX A RGBS 2, 438 b o R A R T K i
I, A 1 TS OK R AL R Z X TR H L
I, R AR DX HE K S B G R
BRI, ELGASTR) R B 14 b DX S8 300 47 00 4 B A7 A
AAE, 40 TRIME — HD2 59 + 38 5 /K AL 28 16
TR X BN BE BB A A M 0 25l AT AL
SE AN A I o G 2 B N B PR N R, DB IR R
%.'_[lf ; EnviroSCAN S KR EL R A F R
Sentek % TR 224" T BD — I 70 44 & 25 75 B g
i1 R MR X 38, A7 7 4 R 5 €830
T HE S K AR Sk B S, R & T &
BEUIA % b N By A 1T LA 5 FDS100 Y 45k R
12 A AN BEKr 4T 3 A 50 B A4 39, LA 1k B OR 4R
b I A £

P, 7E G W52 i e mb S b AR S —
Fofr 3 FH PR DX 11 i 5 e it ) 485 = 4 8 Kk
Ao XA D B B AR R AT S 0 40 A, A gt
T AT AR I L AR AT 5 2 A E it
TDR & g g E 47 X b 38 TE 12 A3 48 1k A o

1 fEE=RRT

1.1 RSN ERE

O BN e 5 K SRR T e ) - S A
FL RS BN K I Y S B RO ]
1 0 P R A T A i A AL FR N, o TR S AR LTS
2w e FHLATAN VT BE , 76 4% fir 2k B2 BIE I, i 51
A 2 A i P PR O (6 28 0 T
PR o

S
2iF
[
AR —
A 2 L —
"; S JRIFEE A
H N SRAHL
1

BL s ) R

Fig. 1  Principle schematic of sensor measurement
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Fig.4 System principle block diagram
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Fig.5 Test process of sensor transverse impact

T VLA B A SR B SR SR T RE A L
K, FAEAL AR AL 17 B L B 3 A bk ™, D

Kk =2~V 1009 (10)
= X

V.-V ’

A K, [HR R

V —— A% A5 52 i I o L
V—— A% g e =5 A i o i R
V1R G TE A W A rh i e s

H i 25 RACA K (10) B B AR AR &K %
K 7.30% 11.72% F1 30. 27% ) 3 B sz it 4 JEkE 4
H AT SR 45 R AN A 6 FR .

M 6 AT LIE Y RE R IR AL K, BEEREA BN
BT AR K, % T 3 FpAR R R B S K S REA,95%
M RETE IS 3 A e B A HAR N 10 em A2 45 G EEL N, B
AR ST BT A A SRR B 1] 520 145 R 10 em, HLA [17]
S Y1 ) 25 B A AR RS 7K R PR 38 I s F 2
2.1.2  Ghnl 5 X I

2.1 1 T E R 3 M A RARFR S KRR
TIEREA N CE A E &R ER
16 cm) BB IREAR KA A AL IE G il s® H A
1o E N AR ik A i U SRR e AR W T R IR AR
AL (10) Hr 35575 30 % 0 i e 48 B (V. Ak oy
RS 24 cm, AR 16 cm AR HLIE) L RE &
T RbE A = EE St Ze a1 8 i

B 8 FTLLE H, REHEAR AL K, B A& FEAS 5 B 1Y

100

90 -

80
70
60 -

50

165U %

e

3 —8— (KRS /KHT.30%
= 40

3 —— (TS IKE11.72%
30 —h— (KB K E30.27%

20 -

| I T N T N N |

10 12 14 16 18 20
HEAR H A% em

B 6 ALK 1) 52 ) B 48 5UE 1k

Fig.6 Energy index change of sensor transverse impact
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Fig.9 Changing curves of sensor output voltage
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Fig. 12 Accuracy comparison of sensor measurement results
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Fig. 13 Comparison of stability of sensor measurement results
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