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Abstract: In this paper a low—cost sensing platform based on embedded system ( ARM9 chip) for an

intelligent granary grain situation monitoring system was designed to realize real-time acquisition of pa—

rameters of stored grain such as temperature humidity and CO,. Grubbs algorithm was used to elimi—

nate the gross errors occurred in the regional sampling and a weighted fusion method was applied to

obtain the information of stored grain safety data. Then BP neural network algorithm was used to train

and predict the data. And a mildew model for evaluating the safety levels of the stored grain was estab—

lished. This research results show that the differences between the gas states from interior environment

and exterior environment can be used as factors of to determine the grain situation. The maximum abso-

lute deviation and the maximum relative deviation were predicted to be 0. 02 and 5. 56% respectively

by this multisensor morning system of indicating this monitoring system can effectively reduce the in-
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fluence of exterior environment on the judgment of grain situation.
Key words: safety of grain situation; modular monitoring; embedded ARM9 system; BP neural net—
work
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A. The structure design of grain intelligent monitoring system; B. The structure and implementation scheme of grain intelligent monitoring system
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Fig.1 Schematic diagram of multi-sensor based grain situation intelligent monitoring system
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Fig.2 Signal acquisition and control flow of the grain

° situation intelligent monitoring system
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A. The upper computer-ARM9 signal central processing unit; B. The software interface of grain monitoring system; C. Signal acquisition
unit and control unit; D. The Lower machine-STC MCU control unit.
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Fig.3 Intelligent signal acquisition and processing of the grain situation monitoring system
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Fig.4 The module structure of the grain monitoring system

Microsoft Visual

Studio 2010 N VC++
MFC- °
~ ° 5 °
: . 2.2 BP
BP ) BP
11
2
2.1
15
3 kIR SLEAL BRES ST E 1S RAERAR AT T KA &
EREEL o o 1] SzilifEOL
it
- st s LN 15ME R RS R A
e e o i) SO ﬁ:> KiEZHG f\> ATABCE4Y -3[>
&
IE
&
fERER15 bl P SEilfELS

5

Fig.5 Weighted fusion of the signals from the multi-sensor based monitoring system
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A. The topological structure of prediction based on BP neural network; B. The network training effect of
environment difference; C. The network training effect of warehouse environment.
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Fig. 6 Prediction model and training effect of the grain situation monitoring system
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Table 1 Definitions of the safety indexes at the output levels

Safety level Range Safety Safer Dangerous Very dangerous
Index -11 <-0.83 <-0.34 <0.33 <1
() BP .
2014—2016 10
2017—1018 2 3,
2 N .CO,

Table 2 Prediction effect of the grain situation monitoring system by applying the temperature

humidity CO, inside granary

/°C 1% co, /107 1%
Number Temperature Humidity Carbon dioxide Expected index Output index Relative error Safety status
1 16. 14 33.34 4.97 -0.76 -0.79 0.39
2 17.00 42.35 7.78 -0.44 -0.42 4.54
3 22.45 55.41 13.00 0.18 0.20 11. 11
4 34.63 64. 14 18. 80 0. 86 0.90 4. 60
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Table 3 Prediction effect of the grain morning system by applying the difference between the temperatures

humidities CO, concentrations in granary and outer environment
/c 1% €O, /107" 1%
Number  Temperature error ~ Humidity error CO, error Expected index Output index Relative error Safety status
1 -3.86 -1.16 1.97 -0.76 -0.78 0.26
2 2.00 =7.65 4.53 -0.44 -0.43 2.27
3 2.45 0.41 10. 00 0.18 0.19 5. 66
4 1.63 4.14 14.05 0.86 0. 88 1.17
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