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Design and Experiment of On-line Detection Device for Capacitive Paddy
Rice Moisture Content of Combine Harvester

WANG Jinwu TANG Tianyong TANG Han XU Changsu ZHOU Wenqi WANG Qi
(College of Engineering, Northeast Agricultural University, Harbin 150030, China)

Abstract; In order to solve the poor accuracy and low stability problems of the real-time measurement
system of paddy rice moisture content in combine harvester, a real-time sampling platform for paddy rice
was set up, based on which the real-time measurement system of paddy rice moisture content in combine
harvester was designed by capacitance method. The hardware circuit of the detection system was designed
and the monitor interface of the master computer was developed to realize the communication between the
master computer and the slave computer. The master computer can display and store monitoring
information in real time. The influence of temperature and impurity rate on capacitance difference was
analyzed and the performance of the sampling platform was verified. The relation models of capacitance
difference, temperature and paddy rice moisture content output were established. The coefficient of
determination was 0. 986 6, and the model was verified. The results showed that the impurity ratio of
paddy rice was less than 1. 2% after sieving by sampling platform. The maximum error of the detection
system in laboratory testing was 0. 42% , the average error was 0.22% , the average relative error of the
detection device was no more than 1.25% . In the field validation test, the relative error of the detection
device was less than 3% , which effectively improved the accuracy of on-line detection. The research
result can provide a reference for on-line access of paddy rice moisture content.

Key words: combine harvester; paddy rice moisture content; secondary screening and impurity removal;

capacitance method; on-line detection
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Structure diagram of paddy rice sample platform
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Fig.2  Schematic of sampling platform workflow
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Fig.3 Program control flowchart of sampling platform
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Fig.4 Block diagram of detection device
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Fig.5 Working principle diagram of detection device
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Fig.8 Simplified block diagram of data acquisition principle
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2.1.6 A7 ALIE 5 R

N TR A AR A I 2 ) Kl R B = LA
REJE o - (o HIL A ] 5 A AR il 5 K 2 W 4 5 A
PLaE 7 38 15, ] CP2102 5t A4 i Y TTL %% USB
B, DA 2 4 5 b AL HLE 45, % 18T 13



148 g Ak Bl W ¥ R 2021 4
iz o
USB  VCC {vce .
- . FHANGL
2 pAgMCU
. Hoxp | 179 0 i sga vtz |
L SISO Pes
6D oo E222282
—Upcp ERZZ=TE  Nel2l—
GNDI|W_’%§II\JD R 31?—%8
I €2 Dj+ D+ 20 NC _17_18
WLED  Rled —|_104D_ 5l D= EE NCHg—
GND-|||—|<} o Svop w  EE NCHE—
REGINEG 0@y NC2—
SEZBFZZ
CP2102 oololefRff
"l Chy
GND-} Tl 1
VCC
13 A5 R A g

Fig. 13 Circuit diagram of communication module
2.2 g

R0 2 ) STM32F103C8T6 o 42 il #5 ¥ 9T Ky
B0 SRR S K AL LA I, B AL ML 7 A A 7
Keil _uVision5 #fF I H C i F 4 5 I He sk, L &
Bi A5 L A AE AR R HY I 15 DL B AR IR AL
PR S WAL B, B R B R R R
J

EAIHLFE Visual Studio 2017 {4 ] C#iE =
K o1 3 R I AR AR 2 457 1h AR 2R A 2
AT AL BE R WA R 45 R0 SR B AT A5 R R TR
B, RGBT AR NE 14 s (B bk X
PERERAL) , LA AL A m an &l 15 iR

3 KBEERSW

3.1 BEMEREHINE

A LCR e A7 I AR 8 1 38 A% A 32T 1Y
HLA AL A BT RE 4 & K 3 11, 6% , 15 3
R 38 kHz T, AN [8] i JBE A0 5 2% R X R AR A
R 2 5 e Tt s v A 2 A B R A 2 A Y 5 T
B, 16 fros . th B 16 LA, 5 Ak R TE
N, A 22 SR 0, HLAE S 28 R R T 1 5% It
R A 114 R 7 22 7 A T 3 5 U B T I, L
22 (EL PP 3, LA A 22 (B 3R R T e A2 Al B
B HERR S RRTI R, BERRE N E
R 25720 A M P P R A TR) BB A 2% S T T
SNSRI TR IR LR CR YRS RO @ R N
[N WISy | B R I E S N R e R
B R 7y 5 0 BT Sz Bl R A A R R X A
FOBC T AR RS A AR TR B K SRS R A
LCR AL A7 DU ACAS [l I 300 3, 0 A7 AH [ R
3.2 REAZRMREKRE

h R 8 R A 15 B UK 3 R A P RE T BRE
K AR A TARRE 8 100 v/ min SRAEIT, $RTERAFE 5 20

Y

A BT SRR

SREEHEAL AR

LRI TAR
IR (R TR
RGUAERH

i=1?
N

SREEHEALE IR I

K 14

A G P A B AR
Fig. 14  Flowchart of system program processing

BESKEELACNRS

Ot @fE Ot

DS MRS WS NEHnE
@an DHEEE
Ome [
one BOAAES
O femas
O wRaE 0
=FETT =L 1T (=
am 0° me: 0Og 0 A
[ wRREEE
= 0% we o] e @] o e
(=T (=R BORE
B B e
. > TR0
wg:  100rmp wa:  100rmp
P ————
2 s
15 7L T E
Fig. 15 Interface diagram of master computer

VIR B 7% 0. 5% ~4. 5% 2 (ARG R, 45

WE 17 Fias . HE 1T BT REE G 05 55 J5 1 F
BREAR G ZRBIH/NT 1.2% , d1 18 16 AT A, TEFRG A
FEAR B 3 /N T 1. 5% B, HL 25 25 8 48 Ak B3 )N
I 10 B R AR 5 2R BE A S0 BLRS A FE AR I R O 43



% 3 3

L % Bea ok pl i A RS & KCRTEL R I B0 5 il 149

HUA /DT
7.180

6.815
6.450
6.085
5.720
5.355
4.990
4.625
4.260
3.895
3.530

& 16 R EE % 2% 0] F 25 22 {852 il 17 22 £k it
Fig. 16  Influence of temperature and impurity

rate on capacitance difference

131
i) ——0.5%
a ——1.0%
1.1 ——1.5%
S0 3%
M- 0.9 —_— %.[5)%
k ——3.5%
il e 10%
& 0.7 ——4.5%
sm 0.6
iz 0.5
;:; 0.4
=03
0.2
0.1

e
17 REE B BRI o Rk
Fig. 17 Screening effect of sampling platform

[ 2% T B H BB A R0 /) BRAS: DN AR AR B % 8 0k v T
o1 RGN 58 2% , il A AT SR ARG R LSRRI A DN B
3.3 ERNHRESWIERE
3.3.1  F KRR HE T

1 HL 43 RF- ORE B2 0. 01 @) R B — 7€ it it
() FERE 8 S R A B i e T R AR b e e A A
g 22 WU I ZE 18 K 0 7 IS S KR 8% ~
35% HTRIARE &2 6 I e B — 05 R IR A
(R TRIUIEE R Sy B E S R Rl R NI O/ NN O (U IE|
T FE R A o TR A T A A TR A 2 A 0 A
() 28 FHAR 5 A6 IO i rh L E S8 3 S°C I i s Bk 8
R4 10 (15,20 ,25 .30 35°C i B AH, B4~ & K
FFRBE T E AT 3 W WOP BB AR S R 45 51 5 46
I 56 P 7K R AR AR TG PR B 3 0, A FL A Bl XL T
BLFE 105°C T H B fH , DL 3 i f s &% K%
(1 (B A R B AR Y S B KR g A A R
A S bR A K B R 8.71% . 12.53% . 19.71% |
22.17% 26.14% 29. 16% F1 32.50% , iz 4 45 5 4
1R,

x1 FAEEKEFERETESKNERRRE
BARBEME
Tab.1 Capacitance difference of paddy rice between

plates in signal detection cavity under different

moisture contents and temperatures pF
kR, i )&/ C
% 5 10 15 20 25 30 35

8.71 3.62  3.67 3.68 3.77 3.79 3.81 3.87
12.53 6.47 6.49 6.59 6.59 6.64 6.71 6.73
19.71 8.63 8.71 8.74 8.77 8.85 8.91 8.97
22.17 10.51 10.53 10.65 10.75 10.77 10.82 10.89
26.14 12.54 12.57 12.67 12.74 12.81 12.87 12.93
29.16 14.05 14.17 14.19 14.28 14.33 14.45 14.47
32.50 14.85 14.97 15.00 15.02 15.15 15.25 15.30

H 1 AT A Al ) R A 2 L B 5 K R R JEE
A W 2Z AL L. A Design-Expert 10. 0
B RS e AT Z T A L R R R TR A
K AR5 R 2R (E AR RE 22 0] — B R A | R AL
LRI T AR R R R R A% S ke SE R N
K2PR,

x2 BEBRERY

Tab.2 Coefficient of determination of each model

TR 2 HeE AR R
— B A Linear 0.986 5
TR FE A B 2FT 0. 9863
T AR Quadratic 0.986 6
Z B Cubic 0.9853

e 2 AT A, 7 25 A v R R A e e R AU
Ko Fr LR Z B AR A A & K R 2 o0 Bl 4
GHEZTERN

0=1.93031-9.32294 x10 °T +1.739 37AC +
3.10354 x10 °T* +1.888 3 x 10 *AC* -
1.6814 x10 'TAC (11)
L T—RE,C
AC—FE4T L8 2248, pF

3.3.2 KRB IR

Ry B WA A B AT AE M B LG A5 20 i K F
8% ~34% Z M)A [RGB BT I 07 A s
PN L A A% R R R e AT R, 45 SR 5 T R A T
EAEHTX B AR R 10 %, BOF BB AE R
R gs R, 45 R E 18 FiR

H P 18 AT T, T ok i (E 5 A T R 4 A
fH 22 M) S LR PEAR G, Hotk i RN 0.998 94, Ho
Rl & 48 e KRR 220 0.42% , F 3 3% 22
0.22% , Fr il 45 R ke , N 45 R KW Z ool 14
UG T TR GE 08 R R 4% K 3 5 2 25 (R B
ZIRHE R




150 w0 AL W ¥ iR 2021 4
3y 0.9955X+0.12254 N . e
3(2): R2=0.99804 4 H 85k e
o 28F
a2 o o 7 28 A K B 0 52 T 5 T 4 L 2020
22 10 S H A SR LA PR EOK R R 50 B HEAT K
18 TR FH R0 38, 201 1 20 7 73, K it i hy 24 8
S B AR E R R B O 88 om, THOBL T it
0 37.88 g, FEH ML B CFROSN I 4 MR A Bk 45 Wi 4K

§ 10 12 14 16 18 20 22 24 26 2§ 30 32 34
105 CT IR R B/ %

P18 i k5 A T R A T X L

Fig. 18 Comparison of measured value of drying

method and that of detection system
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Tab.3 On-line detection experiment results of device

Lo TERSRERN RNEEEE ARSI S XF
i 15/ % MK/ % R/ % R/ %
1 19.56 19.36 0.19 1.02
2 19.33 19.55 0.33 1.13
3 19.58 19. 40 0.21 0.92
4 19.35 19.52 0.31 0. 85
5 19.63 19.88 0.27 1.25
6 18.87 19.03 0.25 0. 82
7 18.95 19.11 0.35 0. 86
8 19.63 19.45 0.31 0.91
9 18.76 18.92 0.12 0. 87
10 18.72 18.52 0.03 1.05
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Fig. 20 Field experiment
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Tab.4 Field verification experiment results %

M5 R A R 00 5 A AT R 2%
1 19.5 19.21 1.49
2 20. 4 20. 81 2.01
3 20.4 20. 89 2.40
4 20. 1 20. 63 2.64
5 20.3 20. 68 1.87
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