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Real-time Monitoring System for Grain Moisture Content
Based on Equilibrium Moisture Model

Liang Kun Shen Mingxia Lu Shuntao Liu Zhiqiang Li Xiaolin

(College of Engineering, Nanjing Agricultural University, Nanjing 210031, China)

Abstract; A real-time monitoring system for grain moisture content in grain storage was developed based
on equilibrium moisture model, wireless sensor network and embedded technology. The error and
precision which forecast by the equilibrium moisture model of modified Henderson, modified Chung —
Pfost and modified Owin were verified in this experiment. The results showed that there was high
precision in the modified Chung — Pfost model. Moreover, the prediction result was with higher accuracy
when A was 363.06, B was 0. 180 4, and C was 26. 674. It was indicated that the system was able to
realize stable data transmission by testing the transmission quality of sensor nod. This study presented a

new method for real-time monitoring rough moisture content in grain storage, which was important

significance for ensuring grain safety in storage.
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Tab.1 Equilibrium moisture model and parameters of rough rice

R4 FR J5 R
A B c
l (1 R) 1/B
\. = 1In -
it Henderson 1 M, = [W 0. 000 048 524 2.0794 45. 646
1/B
H3k Henderson 2 M= | 2 -R) 0. 000 035 502 2.31 27.396
b A(T+C)
Bt Chung — Pfost 1 M, = —%ln (W) 363. 06 0.1804 26. 674
P # Chung — Pfost 2 M, = —%In (W) 433.88 0.168 6 48.282
A+BT
. Mep = 7C
i Oswin 1 | ) 14. 816 -0.08727 2.8368
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Fig.1 Diagram of system hardware architecture
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Tab.2 Temperature and humidity data of samples in bulk grain

. . FEA 5
HUERE 2
1 2 3 4 5 6 7 8 9 10 11 12 13
W/ 2207 22,1 22,2 225 21.5  23.1 227 22,5  22.6  22.2  23.4 22,0 23.7
X 3 B/ % 66.9  66.3  63.2 648 70.2  63.9 653  63.9 67.1 649  63.3 644 6538
K3 FEKDRBFUIFEEKSNEMNNE R &K E

Tab.3 Moisture contents measured by equilibrium moisture model and drying method of moisture determination meter

. , TR K 73 2 A RERVBOAE M oy

AT M AE My i Henderson 1 Pk Henderson 2 Pt Chung — Pfost 1 gtk Chung — Pfost 2 Bk Oswin
1 13.3 14.0 13.9 13.9 13.9 14.1
2 13.3 14.0 13.9 13.8 13.8 14. 1
3 14. 4 13.5 13.5 13.4 13.4 13.5
4 15.9 13.7 13.7 13.8 13.6 13.8
5 16. 1 14.7 14.5 14.5 14.5 14.9
6 12.9 13.5 13.5 13.4 13.4 13.5
7 13.4 13.8 13.7 13.6 13.6 13.8
8 13.2 13.6 13.5 13.5 13.4 13.6
9 14.2 14. 1 14.0 13.9 13.9 14.2
10 14.0 13.8 13.7 13.6 13.6 13.8
11 13.0 13.4 13.4 13.3 13.3 13.4
12 13.3 13.7 13.7 13.6 13.5 13.7
13 13.1 13.8 13.7 13.6 13.7 13.8
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Tab.4 Error between equilibrium moisture model and measured by drying method of moisture determination meter

IR T R 22

BT ,

ik Henderson 1 Bk Henderson 2 Bt Chung — Pfost 1 Bk Chung — Pfost 2 Bk Oswin
1 0.7 0.6 0.6 0.6 0.8
2 0.7 0.6 0.5 0.5 0.8
3 -0.9 -0.9 -1.0 -1.0 -0.9
4 -2.2 -2.2 -2.1 -2.3 -2.1
5 -1.4 -1.6 -1.6 -1.6 -1.2
6 0.6 0.6 0.5 0.5 0.6
7 0.4 0.3 0.2 0.2 0.4
8 0.4 0.3 0.3 0.2 0.4
9 -0.1 -0.2 -0.3 -0.3 0.0
10 -0.2 -0.3 -0.4 -0.4 -0.2
11 0.4 0.4 0.3 0.3 0.4
12 0.4 0.4 0.3 0.2 0.4
13 0.7 0.6 0.5 0.6 0.7

5 LR R Gu AL i U, E8000A — EDU 7Y
A o3 A AR G BT O 2. 41 GHaz, 51 415 40 58
50 MHz; 2495 5 5 F 0 o0 5 B B o 2 1 5 45 9 32 Oy
25 dBmo4 A U5 SR 39 ~ - 58 dBm, {5
5 i JEE I A i G T R AR R R 1R
FrRI9AE 90% DL E % R G A LA R s AT, S
R 1A Bl 1 i

RS BRETRERRE

Tab.5 Transmission quality of sensor node

RIS {55 3% % /dBm B AL i 3R %
1 -39 100
2 -46 100
3 -47 96
4 -58 100

4 ZERIE

P2 M R AT 710 K 0 BB 246 45 TO AR AL I
P 4% B A SIS M 0 0 i R A 119 5 K R % T T LA
S TR R O P R A B R K R S
BT T T IR ML R AR M4 Mir AR SRS S
IK AR T A 16 R G, Il i U Bk, R A SO
H A J7 B, B0t Chung — Plost - 4 /K 4315 71 51 1)
BAWERIREE, S8 A =363.06.8=0.1804 C =
26. 674 [N EAF LW ARifE P O 0.661 5. HiR 2™
AR SR B SRR R I SRR 5. Rl itk
T R AR R R X R G LER B
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