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Moisture is one of the most important factors affecting grain quality in storage. The grain must be dried as soon as possible after harvesting to lower moisture to a standard level. It is difficult to obtain satisfactory measurement effect on precision in capacitive grain's moisture measurement due to many influencing factors, such as temperature, species and weight. The data confusion method of Radial Basis Function nerve network is adopted with improved hardware of the measurement system. Tests show that the precision in moisture measurement of wheat has been improved.

Introduction

Safe storage of food is one of the most important strategic issues for a nation's economy and the people's livelihood. Moisture is a key factor to food storage. High grain moisture levels at harvest can result in heat, fermentation, deterioration and low burgeoning rate. To ensure safe storage, the grain must be dried as soon as possible after harvesting and is maintained at lower moisture levels.. It is, therefore, important to use an advanced sensor system to accurately monitor grain moisture levels. This paper examines the ways to improve accuracy and reliability of moisture sensors and to develop an advanced moisture monitoring system.

China urgently needs matching equipment with simple construction, low cost, high accuracy, reliable and good repetition of results. The capacitance sensor has advantages such as low cost, high sensitivity and good dynamic performance and it is suitable for online measurement. So the capacitance sensor is selected to measure the moisture.

1.1

The current situation of online moisture sensors

The principle of the capacitance sensor is that it measures the capacitance value to obtain moisture levels of the grain which chang with the relative dielectric constant. There are two types of capacitance sensors: double electrodes and cylindrical [START_REF] Zhang Cijun | Introduction on the Capacitor Sensors Method for a Moisture Measuring Instrument on Line in Grains[END_REF].

(1) Change the hidden area The capacitance value is proportional to the angle movement. The hidden area can be changed by using the line movement [START_REF] Wenshun | Principle and Application of Capacity Sensor.Modern Electronic Technique[END_REF]. At the beginning the hidden area is the biggest and it changes when the relative electrodes changes. It is hard to measure moisture levels of the grain.

(2) Change the distance of the electrodes This kind of sensor consists of two electrodes. One is grounded and the other is active with the measured object. The capacitance varies when the distance of the two electrodes changes. Accuracy of measurement is low when moisture levels of the grain are high.

(3) Change the dielectric constant [START_REF] Larry | [END_REF] One kind is cylindrical sensor probe. It has stable performance and high accuracy. But it is difficult to install this type of sensor on the dry machine and to achieve online measurement.

Research on affecting factors of the capacitive grain sensor

The capacitance value can be expressed by the following equations.

.

K0=

, LH is the front area and D is the distance between the two electrodes;

is the vacuum dielectric constant; M is the grain moisture; is the object dielectric constant; is the dielectric constant of water in grain; is the dielectric constant of the air between grain holes; is the object volume of grain; e is the rate of hole gaps.

From the equation we can derive the following affecting factors:

1 The temperature is an important factor and should be eliminated.

2 Different grains have different dielectric constants which will affect the capacitance. 3 The rate of grain gaps is the main factor that affects precision and should be eliminated.

3

Hardware Circuit

Moisture measurement

Fig. 1 is the basic circuit of capacitance moisture senor. The driving electrode is connected with the oscillation circuit and sensor electrode and protecting electrode are connected to the ground. The frequency f is decided by induction L and measured

capacitance x C 1 x f LC  . ( 2 
)
Different grain moisture leads to changes in x C , and the frequency changes.

Thus we can obtain the moisture from the frequency. 

Mathematics Model

The input vector is  

1 2 3 ,, x x x  X ; 1 2 3 
,, x x x are temperature, frequency and compactness. The output vector is Y = y, y is grain moisture. RBF network hidden layer output (the ith node) [START_REF] Harder | Interpolation using surface splines[END_REF].

  ii u X t   . ( 3 
)
In the sentence, RBF function (  ) is Gauss function, ti is the centre of ith hidden node,  is Euclidean Norm.

From the mathematical model, it is known that. 

In the sentence, i w is the ith connection weight between the ith output i u and the system output y,  is respectively the neurons threshold of output.

W, as a Vector with I dimensions, is given by weights matrix composed of output connection weights.

 
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iI w w w w  W LL . ( 5 
)
To obtain RBF network [START_REF] Moody | Fast learning in networks of locally-turned processing units[END_REF] for a measuring system, which has N groups of inputs and outputs, can be described in mathematical model as: to get the optimum weights matrix W so as to achieve minimum error between output of RBF network and the expected output of the samples. The target function is.

2 2 1 11 min ( ) 22 N k k k k B d y       k dY . ( 6 
)
k Y is kth output vector of RBF network, k d is kth expected output vector of training samples.

Training Algorithm of RBF Neural Network

There are 2 stages for this algorithm. Stage 1 is to determine the radial primary function for the hidden layer; stage 2 is the get the optimum weights matrix from nonlinear programming model.

Improved RBF network OLS algorithm

Three parameters are needed to be computed and learned: center vector in basis function, variance vector and weight value matrix. Structural optimization in network is a difficult. The general structure has large numbers of hidden nodes and leads to over-learn. The general orthogonal method is the traditional Gram-Schmidt which has rounding error [8][9]. The hidden network structure is optimized with the improved method in the article. The I eigenvectors are obtained by K-mean clustering [START_REF] Liu | Study on RBF Neural Network Improvement and its Application[END_REF]. Suppose the output testing samples column vector is.
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I d d d  d L . (7) 
The hidden layer output vector is.

12 , , ,

T I u u u    U L . (8) 
The expected output vector can be expressed by hidden layer function output vector.

 d UW E . (9)

In the sentence, E is error vector. Make U as orthogonal triangular factorization with Gram-Schmidt orthogonal algorithm [START_REF] Youdu | en and Zhu shixin, Matrix Theory and its Application[END_REF].

 U QR . ( 10 
)
The elements in upper triangular matrix R are computed in row but not in line in improved Gram-Schmidt method which lead to lower rounding error. For details, viewing 1 q as the result of ,
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)
After the computation, , , , Then, Ortho-normalized (1) 2 u : ,, 
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Thus, The structure network is optimized with improved Gram-Schmidt method and detail solving process is designed in the article. The improved optimized network structure is obtained by sentence (7). 

I TT i i g    d d E E . ( 13 
)
In the sentence,
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The above results show that as the rounding error is lower in the improved Gram-Schmidt, the numbers of the hidden layer nodes can be computed precisely. The computation amount is decreased and over learned problem is avoided.

Data Analysis and Processing

Comparing experiments have been done to verify the function of the improved RBF algorithm in this article, which is supposed to achieve higher moisture detecting accuracy.

BP network, traditional RBF network and improved RBF methods are used to compare for data fusion process. 300 groups of wheat samples are prepared for the experiments. Among which, 250 samples are used for learning algorithm, and 50 groups are used for measuring. Testing values and standard values of the two methods are listed in Fig. 5. 

Conclusion

Factors such as temperature, species and weight affect measurement precision in capacitive grain moisture sensors are analyzed in this paper. The data confusion method of Radial Basis Function nerve network is adopted with improved hardware of the measurement system. Laboratory tests have been conducted on grains of wheat, rice and corns. The results demonstrate that the precision in wheat's moisture measurement has been improved, which shows that the proposed method is better than conventional methods.
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  Repeating the steps, the orthogonal matrix Q and upper triangular matrix R are obtained.
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