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In the near infrared spectral region, a reflection plant water detection instrument was designed by using microcontroller STC12C5A60S2. The instrument consisted of signal acquisition system, microcontroller system, software system and calibration model. The signal acquisition system was composed of three LED of different wavelength and a light-to-frequency converter. Three LED of different wavelength were lighted by turns for avoiding interaction. Light-to-frequency converter was used as the receiving tube, thus simplifying the circuit structure greatly. This paper described the instrument's hardware design, software design, modeling of Forsythia leaf water content and forecasting. Predicted results were consistent with the true values of water, and the correlation coefficient between them was about 0.820.

Advantages of this instrument were small, simple structure, low power consumption and so on. The experimental results showed that the instrument could detect plant water content rapidly on fieldwork.

Introduction

Water is a major component of crop. Water deficit directly affect the plant's physiological and biochemical processes and morphology, thus affecting plant growth, yield and quality [START_REF] Zhang | Advances in Automated Monitoring and Diagnosis of Crop Water Status (in Chinese)[END_REF] . Getting plant water status rapidly is very important for agriculture, horticulture, forest water management and potential fire assessment [START_REF] Tian | Relationship between Canopy Reflectance and Plant Water Status of Wheat (in Chinese)[END_REF] .

Water absorption spectrum has five absorption bands, their central wavelength are located in near 760nm, 970nm, 1145nm, 1450nm and 1940nm. Based on this, the spectral information of this region has been widely used to analyze the water status in plants [START_REF] Hunt | Detection of Changes in Leaf Water Content Using Near-and Middle-Infrared Reflectance[END_REF][START_REF] Wang | Study on the Water Status of the Wheat Leaves Diagnosed by the Spectral Reflectance (in Chinese)[END_REF][START_REF] Liu | Estimating Winter Wheat Plant Water Content Using Red Edge Parameters (in Chinese)[END_REF][START_REF] Rollin | Processing of High Spectral Resolution Reflectance Data for the Retrieval of Canopy Water Information[END_REF] .

Several researchers have described relationships between leaf water content and infrared (700-2500nm) reflectance. Tucker [START_REF] Tucker | Remote Sensing of Leaf Water Content in the Near Infrared[END_REF] considered simulated leaf reflectance along with atmospheric transmission properties, and determined the spectral region between 1550 nm and 1750 nm was best suited for remotely measuring leaf water content. Carter et al [START_REF] Carter | Effect of Competition and Leaf Age on Visible and Infrared Reflectance in Pine Foliage[END_REF] found that visible wavelengths (551nm) correlated best with the total water potential of loblolly pine needles. Hunt et al [START_REF] Hunt | Measurement of Leaf Relative Water Content by Infrared Reflectance[END_REF] and Hunt and Rock [START_REF] Hunt | Detection of Changes in Leaf Water Content Using Near and Middle Infrared Reflectance[END_REF] described a liquid water content index that was used to estimate leaf relative water contents. Penuelas et al found that the water index WI (WI=R 900 /R 970 ) or minimum of first derivative in the near infrared band can clearly indicate the change of water status [START_REF] Penuelas | The Reflectance at the 950-970nm Region as an Indicator of Plant Water Status[END_REF] . The subsequent study of Penuelas and Inoue also showed that the ratio WI/NDVI (WI=R 900 /R 970 , NDVI=(R 900 -R 680 )/(R 900 +R 680 )) not only could be used to predict the moisture content of leaves but also could be used to predict the water content of plant or canopy, and significantly improved the prediction accuracy [START_REF] Penuelas | Reflectance Indices Indicative of Changes in Water and Pigment Contents of Peanut and Wheat Leaves[END_REF][START_REF] Penuelas | Estimation of Plant Water Concentration by the Reflectance Water Index WI (R900/R970)[END_REF] .

By using derivative spectrum, Yan Shen established the water content model of monocots and dicots, it provided new ideas of remote sensing classification for identifying monocots and dicots [START_REF] Shen | Establishment of Leaf Water Content Models Based on Derivative Spectrum Variables (in Chinese)[END_REF] . By using principal component regression, Hanping Mao established the moisture content model of grape leaves based on spectral reflectance characteristics, and found that grape leaves dry-basis moisture content was significantly correlated with derivative spectra of 703nm [START_REF] Mao | Model Establishment for Grape Leaves Dry-Basis Moisture Content Based on Spectral Signature (in Chinese)[END_REF] . By using spectral stepwise regression analysis and constructed spectral index method, Yong Yang analyzed the relationship between citrus leaf spectral reflectance and moisture content, and established the moisture content model of citrus leaves based on spectral reflectance [START_REF] Yang | Model for Citrus Leaves Water Content Based on Spectral Signature (in Chinese)[END_REF] . These findings show that diagnosing plant water status by using spectral reflectance is feasible.

Near infrared water detection instrument generally has two measurement methods [START_REF] Li | Modern Near Infrared Spectral Analysis Technology of Farm Products[END_REF][START_REF] Yuan | A New Infrared Spectrometer with Charge Coupled Device Detector (in Chinese)[END_REF][START_REF] Zhou | Instrument Technology and Applications of Modern Fourier Transform Near Infrared Spectrometer[END_REF] : transmission method and reflection method. Reflection method, namely, determine the water content of samples by detecting the reflected light intensity from the sample surface. Near infrared water detection instrument designed by Xiaoying Lin [START_REF] Lin | Develop on Near Infrared Moisture Instrument[END_REF] , measured water by reflection method and used three beams of 1700nm, 1940nm and 2100nm. The instrument consisted of electronic circuit and complex optical probe, therefore its size was relatively large. The instrument in this paper is a battery-powered handheld device, so its Light source used LED. The system selected 970nm as measuring wavelength. In the band from 900nm to 680nm, the absorption of water is less and the curve of absorption tends to flat. Therefore, the system selected 900nm and 680nm as reference wavelength.

Instrument Design and Modeling

System Components

According to the logic function, the hardware circuit of this instrument was divided into several sub-modules. Modules could be divided into: microprocessor, light source, detector, LCD display unit, keyboard control unit and storage unit. System diagram of hardware is shown in Fig. 1. Where PWC is plant water content, k and b are coefficients.

Fig. 1 . 2 . 5 )PWC=k ×WI + b ( 6 )
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Results and Discussion

37 Forsythia leaves were collected for the experiment. First, by using the instrument, water index WI and NDVI were measured. And then, water standard content of these leaves was measured through drying method. The true values of water content (water standard content/fresh leaf weight×100%) were calculated. Two prediction models between water index and the real values of water content were built by using least square method according to the formula ( 6) and (7). By comparing two prediction models, we could find that the prediction model built by formula (6) was better.

Scatter plot of WI and true values is shown in Fig. 3. Figure 3 shows, plant water content PWC=88. 3957×WI-11.3608. This formula could be downloaded to the instrument. After measuring the WI, the instrument can obtain water predictive values and their correlation coefficient is 0.820. Among the 37 samples, the maximum of 37 relative errors is 4.66 percent, predictive value of this sample is 67.36 percent, and actual value is 70.65 percent.

There were not filters in the sample room. Therefore, the collected light intensity signal was not a single wavelength, but light intensity count values in a bandwidth.

Because the angle between LED and light-to-frequency converter could not be corrected accurately, so the size of leaves had some influence on the measurement result. These would affect the measurement result. In the experiment, because the range of water content was limited, so result would have a big error if it was used to forecast some water content outside this range. In order to expand the measuring range, segmentation modeling in different ranges of water content could be built.

When Measuring leaves of different plants, different forecasting models need to be built. 

Conclusions

In the near infrared spectral region, a water detection instrument based on the sensitive spectrum of water absorption was designed. Using near infrared light 650nm, 880nm and 940nm, microcontroller STC12C5A60S2 and a new type of light-to-frequency converter TSL230, initial design of the reflection plant water detection instrument and debugging were completed. Modeling and forecasting in water content of the experimental samples were finished, and got some satisfactory results. To different plant species, different forecasting models can be built to achieve the rapid measurement of leaf water. In the hardware design and software code writing process, features such as low power consumption and anti-interference were fully took into account. The instrument has good stability and good reproducibility, simple operation, small size, low cost, and it is easy to implement the commercialization. But, in order to using the instrument in the real life, filters need to be used, the angle between LED and light-to-frequency converter need to be corrected accurately.