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ABSTRACT. One of the important indicators of food storage safety is the grain
moisture content. Non-destructive and accurate detection of grain moisture content
is a goal that researchers in the grain storage safety industry have been pursuing.
The methods of detecting grain moisture, namely the advantages and disadvantages
of lossy and non-destructive methods, are summarized. The research status of
electromagnetic wave detection methods of electromagnetic waves in different
wavelengths such as near-infrared, terahertz and microwave is reviewed. This lays
the foundation for selecting the best wavelength electromagnetic wave to detect
grain moisture.
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1. Introduction

Moisture content is an important reference indicator for food. Most of the reason
for grain deterioration is that the grain moisture content is not within the standard
range, resulting in mildew or dry grains. Therefore, it is particularly important to use
what method to quickly and accurately detect the moisture content of grain. There
are many methods for measuring grain moisture, such as oven drying method,
microwave heating method, infrared heating method, toluene distillation method,
Karl. These methods must change the physical properties of food, and the detection
takes a long time, is highly biased, and is susceptible to environmental influences. In
recent years, electromagnetic wave technology has been widely used, and the use of
electromagnetic waves to detect grain moisture has overcome many shortcomings of
traditional methods. This paper summarizes the advantages and disadvantages of
various methods for detecting grain moisture, and summarizes the current status of
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electromagnetic wave detection in different bands, which has important reference
value for the practice of electromagnetic wave detection of grain moisture.

2. Comparison of Grain Moisture Detection Methods

The Grain and grain moisture detection technologies are divided into two types:
lossy detection methods and non-destructive testing methods. The damage detection
method requires changing the shape, structure or properties of the grain itself before
testing. Loss detection methods include oven drying, microwave heating, infrared
heating, toluene distillation, Karl. Fisher method, resistance method, etc.

(1) Loss Detection Method

1 oven drying method. The standard method is the 105°C constant weight
method. This method is to pulverize the grain into a certain fineness, and it is baked
in an oven for 2 to 4 hours to volatilize the moisture in the grain, and the grain is
sufficiently dried to ensure accurate results [1]. The advantage of this method is that
it is easy to operate and low in cost. The disadvantage is that it takes a long time and
the food needs to be crushed. 2 microwave heating method and infrared heating
method. The microwave heating method and the infrared drying method are
convenient to operate, and the energy consumption is low and fast. The disadvantage
is that the food needs to be crushed and the surrounding environment will affect the
measurement accuracy [2]. 3 toluene distillation method. Use the principle that
water and toluene have different boiling points. The detection equipment is simple
and easy to manage, but the reading is prone to errors. 4 Carl. Fei Xifa. This method
is the most accurate chemical method for determining moisture content and can be
corrected for other assays. The disadvantage is that the use of reagents is costly and
there are reagent measurement errors, and the installation of the detection equipment
is cumbersome. 5 resistance method. The advantage is that the equipment is simple
and the cost is low. The disadvantage is that the detection accuracy is low, the test
sample needs to be crushed, and it is susceptible to the variety of food, temperature
and firmness.

(2) Non-destructive Testing

The non-destructive testing method analyzes the grain moisture content of the
grain by using the nature of the grain, such as physical properties, optical properties
and chemical properties, without destroying the grain [2]. Non-destructive methods
include capacitance method, near-infrared method, nuclear magnetic resonance
method and microwave method. 1 capacitance method. The principle is that the
difference in grain moisture content results in different capacitances. The advantages
are quick, fast and economical. The disadvantage is that the grain variety, material
accumulation, temperature and season will affect the measurement accuracy. 2 near
infrared spectroscopy. In the near-infrared spectrum, the absorption peak of water
molecules is more. To detect the moisture content of the grain, it can be obtained
according to the reflection intensity of water at a certain wavelength. The
advantages are low cost, fast detection speed and relatively stable. The disadvantage
is that detecting the inaccurate calculation model leads to errors in the measurement.
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3 nuclear magnetic resonance method. The method can determine the humidity in
the medium by the degree of energy absorption. The advantage is that the detection
is accurate and rapid, and the measurement range is wide. The disadvantage is the
high cost of equipment maintenance and repair. 4 microwave method. The method
utilizes the absorption of microwaves by food moisture to detect moisture. The
advantages are safe, non-destructive, fast and accurate. The disadvantage is that it is
easy to cause standing wave interference.

3. Electromagnetic Spectrum

The method of detecting grain moisture has its own shortcomings, and the
non-destructive method has advantages compared with the lossy method.
Electromagnetic waves have high frequency properties and are less sensitive to
substances such as color, temperature, particle size and salt. After research and
experimentation, in order to achieve convenient, non-destructive and accurate
real-time detection, the most suitable way is to detect grain moisture through
electromagnetic waves. It can be known from Maxwell's equations that the
propagation of electromagnetic waves is affected by the spatial medium, and the
propagation characteristics of electromagnetic waves of different wavelengths are
very different. According to the frequency, electromagnetic waves are divided into
radio waves, microwaves, infrared rays, visible light, ultraviolet rays, X-rays, etc.
[3]. The electromagnetic spectrum is shown in Figure 1.
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Figure. 1 Electromagnetic spectrum

4. Research Status of Detection of Grain Moisture by Electromagnetic Waves in
Different Bands

4.1 Using Near Infrared to Detect Grain Moisture

Do Near Infrared (NIR) is between visible light (VIS) and mid-infrared light
(MIR) and is an electromagnetic wave with a wavelength in the range of 780 to
2526 nm. Near-infrared photons are easily absorbed by chemical bonds, such as O-H,
which makes it easy for water molecules to absorb near-infrared light through
fundamental frequency, frequency doubling, and frequency multiplexing. The
frequency spectrum of the near-infrared region is high and stable. Near-infrared
spectroscopy can be used for qualitative analysis or quantitative judgment, and data
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analysis is fast, so near-infrared spectroscopy can be used to analyze grain moisture
content [4].

Xiao Zhitao [5] obtained grain spectral data with different water gradients in the
near-infrared band through a grain moisture detector designed based on the principle
of near-infrared spectroscopy, and then adopted partial least squares (PLS) and
competitive adaptive weighting algorithm. (CARS for short) data analysis method
selects the characteristic band of grain in the near-infrared region, analyzes the grain
moisture, and completes the BP neural network model calibration test and
instrument performance test of rice, and obtains the water calculation model. Zhang
Yurong et al [6] used BP neural network combined with near-infrared spectroscopy
to detect the moisture content of wheat. The national moisture content of the wheat
was determined as the BP neural network target vector. Each sample was scanned to
obtain the sample spectrum, and the pre-treated spectrum was analyzed by data
analysis and principal component analysis to establish a BP neural network model
for predicting the moisture content of wheat. [7].

4.2 Using Terahertz to Detect Grain Moisture

Terahertz (THz) refers to electromagnetic waves with a frequency between 0.1
THz and 10 THz, between microwave and infrared. Terahertz waves have
broadband, low energy, non-destructive, high sensitivity, high signal to noise ratio,
and good stability. Terahertz can penetrate non-metallic substances, low scattering,
low intrusion, strong absorption of polar water molecules [8], and has great potential
for highly sensitive detection of moisture.Ma Pin, Yang Yuping [9] applied the
terahertz spectroscopy technique to the determination of the moisture content of
Chinese medicinal materials, and used ordinary gastrodia as an example to measure
its moisture content. The higher the water content of gastrodia, the higher the
terahertz frequency, and the tianma to terahertz. The greater the absorption rate, this
reflects the fact that terahertz is very sensitive to moisture in the gastrodia elata
sample. However, if the frequency is too high (>1.5 THz), the signal-to-noise ratio
will become smaller. In practice, the THz frequency should be correctly selected to
reduce the error. The state of the water content of the sample is evaluated based on
the relationship between the absorption coefficient and the frequency. Liu Huan,
Han Donghai [9] detected the moisture content in biscuits by terahertz time-domain
spectroscopy (THz-TDS) technique. The time domain spectrum acquired by the
transmissive terahertz system is Fourier transformed, and the Fresnel formula is used
to obtain the refractive index and absorption coefficient spectrum. Principal
component regression analysis (PCR) and partial least squares (PLS) are established.
The model calculates the water content and works well.

4.3 Using Microwave to Detect Grain Moisture

The microwave is an electromagnetic wave having a frequency of 30 MHz to
300 GHz. Compared with radio waves in other bands, microwaves have
high-frequency characteristics. As the frequency increases, microwaves are
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attenuated by moisture absorption in the grain pile propagation; microwaves have
good penetrability and can penetrate deep into the material and the molecule
interacts with the atom to detect the internal structure of the substance.

There are many studies on the use of microwaves to detect grain moisture.
According to published literature, Samir Trabelsi and Ana M. Paz [10] proceeded
from the free-space measurement of the dielectric properties of peanut shell pellets
at microwave frequencies, on peanut shell pellets. The moisture content and bulk
density were tested non-destructively. For the determination of moisture content, a
function based on permittivity is used which allows moisture content prediction
independent of bulk density by measuring the dielectric properties at microwave
frequencies. Li Junlin, Zhang Yuan [12] and others used the microwave reflection
method to detect the whole grain in the granary in real time, and designed the online
measurement system of grain moisture. Based on the power ratio measured by the
system, the attenuation of the power is related to the dielectric constant of the grain.
The constant is proportional to the moisture content of the grain, and the moisture
content of the grain is calculated by the formula. Jiang Yuying et al [13] used the
carrierless pulse radar (the electromagnetic wave propagates in the form of no
carrier pulse) to penetrate the water-containing food process to produce energy
attenuation, phase shift, or changes in the transmitted wave parameters, by studying
the attenuation of the electromagnetic wave reflected echo signal. The amount of
grain moisture is converted, and the attenuation calculation model of
ground-penetrating radar without carrier pulse electromagnetic wave in the process
of grain storage is proposed.

5. Analysis of Grain Moisture in Different Environments

5.1 Near Infrared

Advantages of near-infrared spectroscopy: (1) Fast, usually can give analysis
results in a few minutes or even tens of seconds, can be analyzed online; (2) simple
sample preparation; (3) large amount of information, Simultaneous determination of
multiple components; (4) calibration modeling, no other conventional chemical
analysis methods, no toxic organic reagents, no pollution; (5) non-destructive testing
of products; (6) optical fiber can be used to achieve remote Riddle.

The modeling equations for detecting grain moisture using near-infrared
technology include linear regression equations and nonlinear regression equations.
Linear equation modeling (partial least squares, modified partial least squares,
principal component regression) is transformed into BP neural network analysis.
The mode improves the accuracy of the test. Based on near-infrared spectroscopy,
there are many calculation models for determining grain moisture, but large-scale
applications have not yet been realized. Near-infrared spectrometer for detecting
grain moisture by benchtop moisture analyzer or portable moisture analyzer, such as
Zeltex's ZX-880 near-infrared detector, Perten's rapid component analyzer and
whole grain analyzer, etc. These instruments not only detect moisture, but also
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detect proteins, fats, amino acids and other ingredients. Suitable for the
measurement of powdery, granular samples. However, such instruments are
expensive and suitable for use in medium and large grain storage laboratories.

5.2 Terahertz

As a spectrum resource that humans have not fully recognized and utilized so far,
terahertz is considered to have great scientific prospects. Terahertz waves have
many advantages such as broadband, low energy, non-destructive, high sensitivity,
high signal to noise ratio, and good stability. Since many biomolecules vibrate in the
terahertz band, in the field of food testing, the use of terahertz for the detection of
sugars, proteins, amino acids, moisture and other substances has great advantages.
Because terahertz is very sensitive to moisture and scatters smaller than the
near-infrared and visible-light bands, and compared to the infrared spectrum,
terahertz radiation has a longer wavelength and better penetration, so terahertz can
be used to detect small differences in moisture. Terahertz detects the potential of
grain moisture in the future. Existing products such as ZOMEGA Z3
laboratory-grade terahertz time-domain spectroscopy and imaging system
(THz-TDS); Terasys 4000 terahertz time-domain spectrometer from Rainbow
Photonics, Switzerland; TDS10XX, FC TDS and TDS (1060nm from BATOP,
Germany) Femtosecond lasers) and their imaging systems. These existing products
are imported from abroad and are expensive and are temporarily suitable for
laboratory research.

5.3 Microwave

The advantages of microwave detection of moisture: (1) insensitive to the pH
and conductivity of the tested food; (2) measurement of free water and combined
water, the results are more representative; (3) non-contact measurement, will not
Wear equipment, will not stick to food, will not affect the operation process; (4)
high measurement accuracy; (5) maintenance-free, low operating cost; (6) low
emission energy, will not change the nature of food, safe and reliable; (7 It is not
affected by dust and water vapor in the environment, and has strong
anti-interference ability, and is not affected by changes in grain color and sunlight.

Microwave moisture products include Germany's latest online moisture meter,
MOSYE's Ms-a-101 online moisture meter, Zhuhai MC-7825G moisture meter,
Japan SK-300 portable moisture meter and Germany's RGI microwave online
moisture meter. The US Department of Agriculture and the Swedish company
Botong developed the 5100 Rapid Moisture Analyzer to measure the moisture
content of grain and oil using 150MHz RF radio waves [13]. It uses a calibration
curve that needs to be updated to suit various grain and oil moisture. The
measurement can also measure the bulk density and temperature with a high degree
of accuracy. These products have high measurement accuracy and are expensive,
and are not suitable for grain purchase and storage site use. They are generally used
as online moisture detection equipment for production lines. Ground penetrating
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radar can also be used as granary storage grain moisture detection, but since the
granary is a large, closed, multi-layered medium architecture, the theoretical model
of the finder radar needs further research, and its practical application needs to be
investigated.

6. Conclusion

Studying a fast, accurate, non-destructive method for detecting the moisture
content of grain has always been an important issue. Due to the non-destructive
nature of electromagnetic waves, anti-interference, frequency bandwidth, and many
limitations of traditional methods, electromagnetic waves have been used in many
applications in detecting grain storage in recent years. This paper describes the
current status of research on the method of detecting grain moisture, and analyzes
the characteristics of near-infrared spectroscopy, terahertz time-domain
spectroscopy, microwave and other electromagnetic waves in different bands and
their adaptation scenarios. The application of near-infrared spectroscopy is relatively
mature, suitable for detecting a small amount of grain samples; the terahertz
time-domain spectrum is in the preliminary research stage; microwave can measure
a small amount of grain samples with a moisture analyzer, and can also detect the
moisture content of grain in a large granary by using ground penetrating radar. The
application of electromagnetic waves to grain detection requires more theoretical
research and research practice. How to select the best electromagnetic wave band for
accurate measurement of grain moisture online remains to be further studied.
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