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Note: Oxy is coordinate system; E; is the incident wave, V/m; E, is the
transmitted wave, V-m‘l; E, is the reflected wave, V~m'1; p is the density of the
material, kg~m'3; M is the moisture content of the material, %; T is the
temperature, °C; d is the thickness of the material, m.
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Fig.2 Grain moisture measurement implementation process
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Fig.3 Sliding average filtering result of wheat sample with
moisture content of 32.24%
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b. Site installation diagram
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a. Detection device structure
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Fig.4 Measuring device structure diagram and site installation
diagram
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Fig.5 Structure of on-line measuring device for grain moisture
content
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Fig.6 Schematic diagram of voltage conversion circuit
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Fig.7 Schematic diagram of amplifier circuit
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Fig.8 Circuit board used in the experiment
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Fig.9 Flow chart of signal processing program
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Fig.10 Parameter application debugging of monitor
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Table 1 Measurement results of moisture contents of rice and
wheat samples
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Development of on-line detection device for grain moisture contentusing
microwave reflection method

Zhang Wei, Yang Gang, Lei Junbo™, Liu Chengliang, Tao Jianfeng, Qin Chengjin
(School of Mechanical Engineering, Shanghai Jiao Tong University, Shanghai 200240, China)

Abstract: Moisture content is one of the important indicators in grain harvesting, trading, storage and processing. High
moisture content will lead to a series of problems of grain such as mildew, deterioration, shortened storage time, lower
transaction price and higher processing cost. With the development of precision agriculture, accurate detection of grain
moisture content can also accurately assess the growing situation of crops, and then provide guidance for the next season’s
crop planting. Compared with the drying method, the capacitance method and the electric resistance method, the microwave
method is easy to realize the non-destructive measurement of the grain moisture content, which is an important direction of
moisture content detection. In the field of on-line detection of moisture content of rice and wheat in combine harvesters,
foreign related research started earlier, and enterprises have commercialized, but this technology is still in the research stage in
China. Aiming at the problem that the rice-wheat combine harvester is difficult to accurately measure the moisture content of
wheat and rice during harvesting operation, this paper studied a non-destructive on-line detection method of grain moisture
content based on microwave reflection method, established the grain moisture content measurement model, designed a
non-destructive on-line detection device for grain moisture content used on rice-wheat combine harvesters. The device used a
450 MHz microwave measurement module to measure the moisture content of rice and wheat non-destructively. The voltage
conversion circuit was designed to convert microwave parameters into voltage signals, and the average filtering algorithm was
used for signal filtering to reduce the impact of interference factors. Finally, the moisture content detection model of rice and
wheat, which was established by the calibration experiment, was used to calculate the moisture content. The calculation result
was displayed on the display in real time via CAN bus communication. Due to the insufficient installation space in rice-wheat
combine harvester, the structure of the detecting device was designed and optimized, and the circuit portion and the sampling
mechanism were integrated in a compact structure. Based on the above theoretical research, technology development and
structural design, this paper carried out laboratory static experiments and field harvesting experiments. The laboratory static
experiment used rice and wheat to illustrate the establishment process of the grain moisture content detection model: 30 groups
of rice and 30 groups of wheat samples were prepared, moisture contents and voltages calibration experiment was completed,
the rice and wheat moisture content detection models was established and the experimental results were analyzed. The field
harvesting experiment was verified the practicability and reliability of the grain moisture content detecting device with rice as
the test object. The experiment results show that the performance standard deviations of the laboratory static experiment and
the field harvest experiment are 0.458 3 and 1.078 0, respectively, and the relative error are around 2.5% and 5%, respectively.
Moisture content measuring range of the detection device for rice and wheat is 14%-34%, which meets the project
requirements.

Keywords: moisture content; agricultural machinery; microwave; the sliding average filtering; experimental study



