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Abstract 

Chlorophyll is an important factor to measure the normal growth and development of 
plants. This study took the chlorophyll content of rape leaves as the research object, and 
analyzed the influence of spectral data method on feature extraction and chlorophyll 
content prediction model. Use machine learning to analyze the spectral reflectance curve 
characteristics of different chlorophyll content, and combine the first-order differential 
and second-order differential to establish the optimal chlorophyll spectrum estimation 
model. The results show that the combination of differential transformation helps to 
improve the correlation between leaf chlorophyll content and spectrum. (2) In the PCR 
model, the model established by the second-order differential of the reciprocal 
logarithm after NOR processing the reflectance spectrum has the best effect, Rc2=0.7957, 
RMSEC=10.5436, SEC=10.6070. 
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1. Introduction 

Hyperspectral remote sensing technology, because of its time-saving, low-cost, less samples 
required, no damage to the sample structure, rich information and other characteristics, can 
realize the monitoring of crop growth and nutritional status without destroying the plant tissue 
structure, and has unique advantages in the prediction of chlorophyll content [1-2]. Leaf 
chlorophyll content reflects the information of individual plant, and Canopy Chlorophyll 
content is an important part of remote sensing monitoring [3-4]. Therefore, real-time 
monitoring of Canopy Chlorophyll content is of great significance for monitoring crop growth, 
estimating yield and pest control. Due to the unique biochemical structure of chlorophyll, the 
spectral absorption caused by electron transition is often located in the visible region. 

A lot of research has been done on the estimation of leaf chlorophyll content by Hyperspectral 
inversion in visible light range, but few in full band range[5]. The estimation model of 
chlorophyll content in wheat was established by using the unified spectral index, and good 
prediction effect was obtained. The correlation analysis between hyperspectral reflectance and 
chlorophyll density shows that the red edge is the sensitive band of chlorophyll. It is found that 
the chlorophyll concentration of vegetation can be estimated by using the wavelength of 
derivative spectrum near 700 nm[6-7]. The hyperspectral inversion model of soybean 
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chlorophyll-a can be established by wavelet analysis. The reflectance spectra of cotton single 
leaf and canopy were studied, and the correlation between hyperspectral data and chlorophyll 
content and chlorophyll density was analyzed. The spectral vegetation index (SDI) was used to 
establish a monitoring model between hyperspectral parameters and pigment content of apple 
leaves. The precision of chlorophyll content prediction model was improved by using 
dimension reduction algorithm to preprocess spectra and establish partial least squares model. 
The partial least square method is used to model and quantitatively analyze the chlorophyll 
content in order to obtain higher model accuracy through different pretreatment methods or 
algorithm combinations. 

2. Materials and methods 

2.1. Determination of chlorophyll content 

Clean the dirt on the surface of the collected fresh leaves with pure cotton eyeglass cloth, then 
cut and mix them. Weigh about 0.2 g of the cut fresh sample into a mortar, add a small amount 
of quartz, and then add 10 ml of 96% ethanol solution.  

After shading and standing at room temperature until the sample is completely white, the 
extraction solution is colorimetric with a spectrophotometer to determine the 665 apple leaves 
The optical density D values at 649 nm (the maximum absorption peak of chlorophyll a) and 
649 nm (the maximum absorption peak of chlorophyll b) were obtained semi-micro Kai-Kai 
method for the determination of total nitrogen, the statistical results shown in Table 1: 

 

Table 1. Descriptive statistics of TN in soil samples 
Plant (Max mg g-1) (Min mg g-1) (Mean mg g-1) SD 

Rape 124.4 34.1 81.36 22.95 

 

2.2. Spectral data preprocessing 

Savitzky Golay 9-point convolution smoothing method is used to smooth and de noise the 
average spectral curve, so as to improve the spectral signal-to-noise ratio. At the same time, the 
first-order differential, the second-order differential and the reciprocal logarithm 
transformation of reflectance were carried out to eliminate the interference of baseline and 
background factors, and enhance the correlation between spectral reflectance and organic 
carbon content. 

View specpro was used to process the original spectral data of all soil samples, and the 
arithmetic mean of the spectrum after removing the outliers was used as the actual reflection 
spectrum of the soil. Due to the difference in energy response of the spectrometer, there is a 
breakpoint at 1000nm, and split correlation is used to repair the breakpoint of the spectral 
curve (Fig. 1). The spectrum contains spectral characteristics which have strong correlation 
with the content of material components. Multiple scatter correction (MSc) can effectively 
eliminate the baseline cheap effect caused by scattering between samples. By calculating the 
regression analysis between the measured spectrum and the reference spectrum, the slope and 
intercept of regression fitting are used to correct the measured spectral data. Standard normal 
variable (SNV) can effectively improve the influence of surface scattering and optical path 
variation on the spectrum 

2.3. Modeling and inspection 

The original data were randomly divided into two groups, 70% chlorophyll content prediction 
model was established, and 30% samples were used to verify the inversion model. SPSS17.0 
was used for correlation analysis, PLSR and PCR modeling were implemented in TQ analyst. 
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The determination coefficient R2 and root mean square error (RMSE) of predicted and 
measured values were used to verify the inversion model. 
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3. Results and analysis  

3.1. Correlation analysis of reflectance 

The correlation coefficient between chlorophyll content and second derivative spectrum 
reached a maximum value of - 076 at 575 nm (Fig. a). After logarithmic transformation of the 
original spectrum, the chlorophyll content and the reciprocal logarithm of reflectance show 
extremely significant positive correlation in the bands of 1340 ~ 1865 nm and 2065 ~ 2375 
nm, reaching the maximum value at 2275 nm, which is 0.70; 

 

 
Fig.1 correlation analysis of chlorophyll content and conversion of reflectivity different forms 

 

It is extremely significantly negative correlation in the range of 435 nm, 675 nm, 735 ~ 1155 
nm, 1895 ~ 2005 nm, and reaches the maximum value at 775 nm, which is -0.71 (Fig. b). After 
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the reciprocal logarithm first-order differential transformation, the emissivity reaches a 
significant positive correlation in the range of 510 ~ 535 nm, 695 nm, 905 ~ 965 nm, 1165 ~ 
1175 nm, 1295 ~ 1385 nm, 1495 nm, 1765 nm, 1970 ~ 2145 nm, and reaches the maximum at 
525 nm, which is 0.73; at 565 ~ 725 nm, 1025 ~ 1225 nm, 1415 nm, 1555 ~ 1645 nm, 1875 ~ 
1895 nm, 2265 ~ 24555 nm A significant negative correlation was observed at 635nm, which 
was -0.78 (Fig. d).  

After the reciprocal logarithm second-order differential transformation of reflectivity, it 
reaches a very significant positive correlation maximum of 0.79 at 1665nm and a very 
significant negative correlation maximum of-0.77 at 635nm (Fig. e). 

3.2. Prediction model of chlorophyll content based on principal component 
regression 

The results show that the best model is established after MSc processing and reciprocal 
logarithm transformation, with RC

2 = 0.7950, RMSEC = 10.5601, SEC = 10.6235; For reflection 
spectrum, the second-order differential of reciprocal logarithm is the best, with RC

2 = 0.7957, 
RMSEC = 10.5436, SEC = 10.6070;  

After SNV processing, the second-order differentiation of reciprocal logarithm is established 
The results showed that RC

2 = 0.7953, RMSEC = 10.55442, SEC = 10.6176. 

 

 
Fig.2 Measured and predicted principal component model comparison 

 

4. Conclusion 

The model is verified by the sample data of the same region and growing in different alternative 
soil forming materials, which enhances the universality and credibility of the model. The model 
provides a relatively fast method and way for estimating the chlorophyll content of rape in the 
study area, and provides guidance and reference value for the estimation of chlorophyll content 
in rape canopy by satellite borne detector. PCR model, the model established by the second-
order differential of the reciprocal logarithm after NOR processing the reflectance spectrum has 
the best effect, Rc2=0.7957, RMSEC=10.5436, SEC=10.6070. 
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