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Performance Evaluation of Substrate Moisture Detection Based on
Frequency Domain Sensor
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Abstract: Closed soilless substrate cultivation is the direction of modern agricultural transformation,
substrate water content is an important detection indicator of the cultivation process, but the study of the
soil moisture sensor used for detecting water content of substrate is rear. To solve this problem, this paper
evaluated the performance of a frequency domain soil moisture sensor FDS — 100 in the substrate water
content detection comprehensively. For different proportions of the substrate, compared and analyzed the
standard water content obtained from the drying method and FDS — 100 measurement. Besides, it also
compared the measure performance of FDS — 100 and ECH20 —5TE in a mixed substrate. The influence
of compaction degree, EC value and temperature value on sensor is also tested. The results shows that
measured values from FDS — 100 measurement in different proportions substrate did not follow the same
curve; the degree of compaction impacted the FDS — 100 measurement, measured value increased with
the degree of compaction, the measurement error is between — 1% and 10% ; EC had a certain influence
on FDS — 100 measurement, measurement error is between =+ 5% ; temperature had less effect on the
measurement of FDS — 100, the measurement error is below 2% ; the relative error between FDS — 100
and ECH20 —5TE is 4.32% . In summary, FDS — 100 can be used in substrate moisture detection, it
should be calibrated for different substrates and different degrees of compaction in actual use.

Key words: substrate; moisture content detection; frequency domain sensor; performance evaluation
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Tab.1 Substrate physical and chemical properties

e Foxivg AALB AL ER N

S (grem ™) JE/% Wi/ % LB/ % AT
[ 0.151 95.0 30.0 65.0 2.17
B 0.093 60. 3 29.5 30. 8 1.04
FR 0. 169 89. 8 24. 4 65.4 2.68
A 0. 106 90. 3 9.6 80. 7 8. 41

BEJR AR PR 25 0. 169 g/em’, BFL B #K
K FRKBES o, 55 TR, S oh PERE SR, A LT & i
B NG A 0. 151 g/em’ ORI /N 3 ~
6 mm , G FL B BE B, AR K B, A B &
PEFNE T 24 fE 0y, 5 b Pk SO, WK RE )
Y AT B G e, AN B E T B ik
25T 0.093 g/em’ | OB A /N 4 ~ 8 mm, i fL B EE
& A HEK PR LT B 22 v Pl RE b R
SEMERT A Ty O3 ik AH 32 T Dy W e 5 MIRHE Ay v v 7, 45
T 0.106 g/em’, B ALEEE K £ K RE ST 8 A RE
DV A B W G2 ol M R B 1 SC e

ISR S ol ik BT IC J7 % A% 2 s kB 2E AT P
fili, Hovh 4 i 5 B —JE 5T, 55— Fh DT E Al
FH 2 Pl Bk 25 A te B g R B 0y 2 B BC L
0 BRI T RN 2 PR

F2 HERECtE
Tab.2 Substrate proportioning %

B R Lo BkE %3

A 100 0 0 0

B 0 100 0 0

C 0 0 100 0

D 0 0 0 100

E 60 20 20 0

1.2 R
1.2.1 FDS - 100 %I+ 38 & /K 4% s

FDS — 100 A + 3% % K AL & ge A 3 WA H N
BEET  BREMK B 55 mm, AR 3 mm, BN EREF Z 1) 1Y)
B A 8 mm; TAEHLE S VS 0 ~2 V, 4
KGO0 3% , 0 7 B[R]/ 1 s, 008 A3 B[R] 2 s,
AL R I DX 3 A DA e SR S T B 8 v s 4
EFAOEAR 7 em (R 7 em AR RE A, T R EE TS LR
-40 ~85°C, LA Ry 3 i, 43l A
HLUEfE 5 S5k .

IR T B DY A S SRR RO B 5 N
B A IETIRE , T LA AT DI A% Ja 25 I Sk (5 A0 R I A
PRI 2 .
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Fig.1 Relationship between FDS — 100 measurement and

drying method measurement in single substrate
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Fig.2 Relationship between FDS — 100 measurement and

drying method measurement in mixing substrate

x3 RESDW
Tab.3 Errors analysis
fic Lt R? MBE/ % RMSE/%
A 0.901 -14.09 16. 26
B 0.943 7.55 10. 24
C 0.917 6.67 11.55
D 0.992 -5.33 5.83
E 0.983 1. 06 3.47

7E 4l 25 5 of, FDS — 100 7 4% & 58 9 & R® Wy
0. 901, 7EPF-H (1 JL i 3 o v 48 M B 441G, (R AR =2
PR VEHL A s MBE S — 14.09% ,RMSE Jy 16.26% ,
) 2 S 357 40K T 04 0% D0 A5 A o £ 7K R 14.09%
55 MR I SR o 7K R B RO B A, FDS — 100 7Y
DU S5t (B 5 T 8 2 00 A5 M % 7K 38 22 1) A A B S iR
25 Gl E I G0 Dt PR T ke 25 R e HAL R R,
iR G e, PO R IR ER A

TE 40 0% 47, FDS — 100 7 £ j& 3230 4 R N
0.943 LV, L ME R MBE 28 7.55%
RMSE 2}y 10. 24% , I 8 {8734 55 T 1 432 000 A5 b o
TKFT.55% 5 TR A5 bR 5 K 38 88 HORE 2
BE A KA T 8% ~40% B, FDS — 100 %)
T {H 5 bR AE K R 22 B OK R T 40%
b 51 B G 00 B R 2 0% A 5 Ak v A
T, 25T v HALBR B K, B 4l B, T DL 2Y 5 K R T
I, 285 B B 4 0 A I R 2R K

TE4EE Bk 4 b FDS — 100 {4 28 i R® K
0. 917, 2P B #5AIK , (H K SR 52 B2k % ML MBE Oy
6.67% ,RMSE Jy 11.55% , | & % 249 55 F T 4 1
T A AR S K 3R 6. 67% , 5 T 1k T A5 b v &
KRB HORR BB, AR KR T 8% ~ 40% I,
FDS — 100 %Y £& 2 5 I & {H 5 A5 o & K 32 2Z 18] 22
BN AB S SKF R T 40% 1), FDS — 100 B4 % g
ISt 1 30 200 O % , T 0k 0 A5 B o % K R

F| 50% /=45 B, FDS — 100 U % 8% 58 0 & 4 O £ 5
F 80% fiAy o 5l B G 1 5 R B Bk UKL R
KRR IR, M &K R 25k —E (R, B IR E
T AR REK, T E0R 22 SRS K.

T4 BR A h, FDS — 100 & i 2230 & R N
0.992, 2k ¥k JiF £ /&5 ; MBE & — 5.33% , RMSE %
5.83% , W AE 7 KA T 0 0k 0 o A5 A o 1 K R
5.33% , 5 T 10 I A5 BR v B K A8 R HIORR B I,
B A A7 FRAE 2By B 7K 38, T R 2 A0 s 1) 28 Ak e M
FE7K B8 ) J5 H T 4% 0 1 0

VRS L, FDS — 100 B (% J 2 5 Ry
0. 983, L Pk B &, (HAIG T M oy 1) R 1%k 2 ; MBE 2hy
1.06% ,RMSE 3} 3. 47% , W & {5 F 3K T T 4 %
I P R UE B K R 3. 4T % 5 T R e ) A R
Koo SR R AR, REMER T A
B 506k /1N, AT A FDS — 100 73 5 {6 fE 32 1F 52 b
BOKE,

N e S IO i i NI P S G S B 5 T
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2.2 FDS-100 B {£m 8 5 ECH20 - 5TE & {£ %

BE Mot b

fif ] FDS — 100 #Y % & 45 #1 ECH20 — 5TE Al {%
JEER T AN ] 5 K R AR HR IR A S B AT I A, 4
R 3 frs. M 3 LU H, ECH20 — 5TE #
15 B I RS B2 5 F FDS — 100 %! ECH20 —5TE #Y
FEFITA B KR B0 I R B R R AT, Bk
AL 10% ~40% B, 2 Fofr 4% o 45 0 D0 o4 B85 5 R 4%
AT, HB B2 I T R vk DR A bR E S K R, L ROl
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