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Development of a Capacitance type On-line Grain Moisture Meter

Ki-Bok Kim and Sang-Ha Noh
Department of Agricultural Engineering, Seoul National University

Abstract

This study was conducted to develop an on-line grain moisture meter using RF impedance. An LC oscillator
(1~15 MHz) was developed to detect the capacitance change of a parallel plate type sample holder depending
on the moisture content. Effect of bulk density of grain on oscillation frequency was analyzed. A regression
model including the frequency (F), moisture density (p,.), grain temperature (T,) was developed as follows.

Model: F=ap, +bT,+c

At 5 MHz, the coefficients of determination of the model for rough rice, brown rice, barley and wheat were
0.9838, 0.9344, 0.9956 and 0.9905, respectively. Especially for rough rice, high accurate moisture content
measurement was possible regardless of variety. Based on the results, an on-line prototype moisture meter
consisting of a sample holder, an LC oscillator, weight and temperature sensing devices, grain discharger and
I/O board was constructed and its performance and accuracy were evaluated. The mean square error of the
difference in moisture contents determined by the prototype and the oven method was found to be 0.402%.

Key words: LC oscillator, moisture content, moisture density, on-line moisture meter
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Table 1. Moisture contents of rough and brown rice,
barley and wheat sample

. Range of
ltem Variety Moisture Content
Hwasung 11-27% w.b.
Rough Rice flpoom 12~28% w.b.
Milyang 23 11~24% w.b.
Brown Rice Hwasung/Ilpoom 11~18% w.b.
Barley Jinyang 11-21% w.b.
Wheal Olgroo 11~22% wb.
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Fig. 1. Dimensions of parallel plate type sample holder.
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Fig. 2. Circuit diagram of the LC oscillator.
Measuring
Temperature
Sample
Weighing Computing
Sample Bulk-density
Electrode
: Frequency
LC-Oscillator Counter

Fig. 3. Block diagram of the moisture measurement
system.
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of LC oscillator including parallel plate type sample
Zat 9 pE holder filled with Hwasung rough rice having the in-
dicated moisture contents, at 20°C. ¢—¢: 15.87%, M—
M: 17.50%, d—a: 20.55%, X—X: 23.54%.
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Fig. 6. Effect of grain temperature on frequency vari-
ations of the LC oscillator including parallel plate type
sample holder having various moisture densities (room
temperatuare, 20+0.5°C).
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Fig. 7. Moisture density dependence of frequency vari-
ations of the LC oscillator including the parallel plate
type sample holder filled with Hwasung and Iipoom
rough rice at 20°C. @: Measured, —: Fitted.

Table 2. Regression analysis expressing the moisture
density (p,) and grain temperature (T,) dependence of
the oscillation frequency (F) at room temperature, 20°C

Regression Coefficients

ftem Grain
a b c

Rough rice -1.4347 -0.0011 50274 0.9838

5 MHz Brown rice -1.0027 -0.0012 4.9474 (.9344

Barley -1.9669 -0.0016 5.0365 0.9956

Rough rice -4.5985 -0.0060 99898 0.9768
Brown rice -4.1756 -0.0032 9.6520 0.9209
Barley -8.6083 -0.0073 10.0476 0.9936
Wheat -7.7088 -0.0072 99714 0.9575

10 MHz

M 58 2P AR A8 RS ‘1‘%%
T ¥ RAAF-LEEY] -FHFEH -8EE A
Akt g &l AR E 2 254 glo] Tﬁﬂfclaigtﬂ
Alge] Bl THE wiE7A] ok 2~3% o]ljdll 43
slo] 2g1el Alx"lzle] 7EAd & Ho F9it)

g AR ey FELUTE o] &3 g
& &3 =4S Hrtstr] st deE 10~
24%2] BAWME TFFoR st LEH vae 2



g 7Hsgon

ks
4
TdARd g 7
5 MHz &2 9

A

@O"I
=
=

e

L.
A

X
4

4

22k
Aoz

~ F ¥5E
A9 LR Fokrel wR)e
A0 Z
T =5

X =124
UEE 0|3 g
stch. Jiee mde) AYA S
a T
0.9956, 0.99052 JERGon B3} Bl AL ZFo

235 ARES
1

=2
=

oA u, do|, 1], do] A5 2H2) 0.9832, 0.9344,
3

3} vt Az AL

s =

g
=]
2%l 388 ¥58 240l 715
Hgich ol wEos YEEU, LOLY), TA 2
AYAS e,

Error
M2y

Table 3. Validation results for the prototype on-line ‘moi-
sture meter on Hwasung rough rice
MC (%) of

Oven

Method®
0.68
0.54
o2 7Ad &89 &
23 AU g e Uz

A} (mean square error)7} 0.402% =4 % €31

Prototype
0.17
X AEFAA, A& A, BHFE A H o] 27t
& %
Aol 7hed Aoz st

e

Measured
24.29 23.75
23.92
19.22 0.27
18.99 18.95 0.04
0.27
0.18
0.13
0.38
-0.23
Zd
Agdgta HAEY =8
CVK, RG. Leffler
Lawrence. 1991. RF impedance instrument for corn ker-
nel moisture measurement. ASAE Paper No. 91-6058.
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MC (%)”
24.43

Bulk density
(g/en’)
144 28 #2557 Ao B A7
S.0. Nelson and K.C.

0.735
0.738
0.743
0.724
0.727
0.724
18.53
18.48
15.52
.29
0.06
Kandala,
ASAE, St. Joseph, Michigan, USA.

19.22
0.740
18.35
18.73

-0.40
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0.765 15.23
0.721 14.37
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0.761) 13.91 -0.02
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