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Abstract — Nitrogen is a vital element in crops, and its management is a key measure to improve their yield and quality. Real-time 
monitoring of crop nitrogen content is needed to optimize products and crop production. In this paper we use chlorophyll 
fluorescence source to obtain pepper leaf image for machine vision and digital image processing and establish a greenhouse pepper 
leaf nitrogen content rapid non-destructive prediction model. Our results show: i) the 25 chlorophyll fluorescence image 
characteristic parameters of pepper seedling stage, flowering stage and fruiting stage were significantly related to 18 levels of 
nitrogen content and 0.01 characteristic parameters, ii) using principal component analysis (PCA) we extracted respectively the 
main components of the three periods for the model of input variables, iii) using genetic algorithm we optimized back-propagation 
artificial neural network (BPNN), partial least squares (PLS) and multiple linear regression (MLR) provision method to establish 
the prediction model of hot pepper leaf nitrogen content. Our conclusions include: i) the correlation coefficients of BPNN and MLR 
all reached 0.94, ii) the prediction set coefficient was over 0.8, which has a good effect, iii) the effect of PLS model and prediction is 
not better than MLR and BPNN, iv) optimal prediction model for BPNN model, the modeling correlation coefficient of seedling 
stage, flowering period and fruiting stage were 0.962, 0.978, 0.945, iv) the correlation coefficient of prediction were 0.908, 0.906 and 
0.905, v) compared to the linear regression method like MLR and PLS, nonlinear regression method BPNN was more applicable to 
establish pepper leaf nitrogen content prediction model, vi) it can reach the desired accuracy and provides an important reference 
for greenhouse crop nutrition regulation. 
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I. INTRODUCTION 

Nitrogen is the principal raw material for crop 
chlorophyll synthesis, and the chlorophyll is an important 
part of crop photosynthesis. Generally, the chlorophyll 
fluorescence is regarded as the probe of plant photosynthesis. 
Under adverse stress, the plant photosynthesis will be 
impacted and the photochemical reaction will be restricted, 
so that the emitted fluorescence will be changed and the 
fluorescence information can be taken as the detection basis 
for environmental stress. 

The nitrogen content in leaf is an important index to 
detect the nutritional condition of plant, which can reflect the 
healthy status[1] for plant growth. In fact, the damage of 
crop is always irreversible if it is distinguished with eyes. 
The legacy chemical detection is featured with complicated 
steps and long time consumption, and it is difficult to meet 
the timeliness[2] for production as it may become harmful to 
the crop, thus this method cannot be widely applied in 
agriculture production and it cannot diagnose the nitrogen 
content in crop leaf for large area quickly without any 
damages. 

In recent years, many domestic and foreign researchers 
have made many achievement[3-7] on detection of nitrogen 
content in crop. For example, Li Fangyi and his team of 
Hunan Agricultural University utilized image treatment 
technology to predict the nitrogen content in rape leaf, 
setting up the relationship[5] between rape leaf color 
characteristic value and the nitrogen content. Li Jinmeng and 
his team of Zhejiang University applied hyperspectral 

imaging technology to forecast the nitrogen content in citrus 
leaf, obtaining the optimal modeling & analyzing method[6]. 
Besides, the foreign researcher Scharpf P and his team made 
use of color characteristic value of corn leaf to estimate the 
nitrogen content, working out the image color component [7] 
which boasts good relationship with nitrogen content in leaf. 

The nitrogen content in leaf is closely related to 
chlorophyll content, and the activities of chlorophyll 
fluorescence information in crop can completely show the 
growth condition of crop itself. Wei Hongyan and her team 
obtained the relevant information of chlorophyll fluorescence 
and analyzed the crop chlorophyll concentration, thinking 
that the chlorophyll concentration is higher related with 
strength of chlorophyll fluorescence [8]. Cao Ning and his 
team discovered the characteristic parameters of crop 
chlorophyll fluorescence image to analyze the growth 
condition of crop, proving that the chlorophyll fluorescence 
image is very sensitive under nutritional stress [9]. The 
difference of nitrogen content in leaf will lead to the changes 
of chlorophyll content in leaf [10-14], and different 
chlorophyll contents will also change the characteristic 
parameters of chlorophyll fluorescence image, which is the 
theoretical basis for study of chlorophyll fluorescence image 
and nitrogen content in crop in leaf. 

The detection of crop nutrient through chlorophyll 
fluorescence image is greatly potential for application in 
agriculture [15-16], however, there are only few researches 
on predication of nitrogen content in leaf by making use of 
chlorophyll fluorescence technology in China. In the paper, 
the common crop pepper in greenhouse will be taken as the 
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research object to extract the images of the fresh leaf of 
pepper and chlorophyll fluorescence information combined 
with artificially measured data of nitrogen content in leaf, so 
as to complete the settlement and analysis of images and 
relevant data[17-19], and establish the optimal prediction 
model of nitrogen content in pepper leaf. The paper is 
targeted to offer reference to detect the nutrient content in 
intelligent facilities applied for agriculture crop, and to 
provide the decision-making basis for nutrient water and 
greenhouse cultivation management of agriculture 
production. 

II. EXPERIMENT 

A.  Collection of Experimental Samples 

The experiment was developed in the Venlo glasshouse 
in College of Engineering, Nanjing Agricultural University 
in March 2016~ June 2016. This region belongs to 
continental monsoon climate where the average temperature 
in summer day is 21.2~29°C and daily mean solar radiation 
is about 100.0-105.0W m-2. 

The greenhouse stretches in EW, measuring 16m from 
east to west and 8m from south to north, with shoulder height 
of 4.2m and top height of 2m. The modernized management 
mode is applied in the greenhouse with Eco-watch ecological 
network detection system to detect and collect temperature, 
humidity, CO2 concentration, illumination intensity and 
other information in real time. The internal/external sun-
shading system, skylight and ventilation system, nutrient 
solution dripping system, spray system, CO2 fertilizer 
supplementary system are controlled by computer. The coir 
matrix (Galuku Group, Australia) is taken for cultivate crop, 
without neither heating during the experiment process nor 
CO2 fertilizer supplementary. 

The green pepper for experiment is “Jingtian No. 3” that 
is proper for planting in spring and summer, and the seeds 
was sowed on March 5th. On April 20th, the peppers with 
six grown uniform leaves were transplanted to the coconut 
shell matrix where each is planted in one matrix. After 7 
days, irrigate the peppers with nutrient solution, and set four 
nitrogen concentration horizontal processing areas based on 
the standard formula of pepper nutrient solution [1-2]: zero 
nitrogen (N1: 0mmol/L), low-nitrogen stress (N2: 
8.125mmol/L), normal treatment (CK: 16.25mmol/L), and 
high-nitrogen stress (N3: 32.5mmol/L). Repeat each formula 
for three times, and adjust the nitrogen concentration through 
reducing or increasing the consumption of Ca (NO3)2, 
KNO3 and NH4NO3. Supplement the insufficient Ca+ and 
K+ due to adjustment of nitrogen content by using CaSO4 
and K2SO4[20], and use dilute sulfuric acid to adjustment 
acid-base property of the nutrient solution and maintain the 
PH value within 5.5-6.5 and the growing period EC value 
about 2.2. 

Collect random samples of pepper in seedling period, 
flowering period and fruiting period based on the differences 
among physiological status and nitrogen content of pepper 
among different growing periods, and divide the leaves of 
different period into 240 old leaves, 240 fat leaves, 240 
young leaves according to different collection areas and leaf 

positions. After sampling, store the samples into freezer bags 
and refrigerate them in the refrigerator. In order to maintain 
enough weight of leaves after drying for measurement of 
chemical indexes, three leaves will be regarded as a sample, 
and in total 720 samples in the three periods are prepared. 

B. Acquisition of Chlorophyll Fluorescence Image 

To prevent the impact of sunlight and periphery 
redundant substances on the captured chlorophyll 
fluorescence image, a dark room was built in the Venlo 
glasshouse in College of Engineering, Nanjing Agricultural 
University, and the chlorophyll fluorescence image 
collection system based on chlorophyll fluorescence 
technology and machine version technology was applied, of 
which the system structure is shown in Fig. 1. The hardware 
is mainly composed of CCD camera, LED laser light source, 
optical filter, cargo platform, computer, slippery course, and 
camera work platform. The camera work platform, as 
perpendicularly inlaid in the slippery course, moves along 
with the slippery course. The slippery course is driven by the 
motor, and CCD camera is placed on the module platform 
with lens facing downward perpendicularly to directly 
collect images. The light source is LED coaxial light source. 
Some researches proved that[21-22] among red light (660nm) 
and blue light (473nm) with different wave length, the blue 
light wave band will excite more to fluorescence change 
gradient of leaf, thus the coaxial light source in (465-485nm) 
wave band was selected for the project finally. In order to 
collect more exciting image information, a long pass filter 
was equipped for the camera lens, so that the exciting light 
will be filtered well, and the accuracy for image 
characteristic parameters will be improved. 

 
Figure 1. Structure of chlorophyll fluorescence imaging system 

Among the collected 720 chlorophyll fluorescence 
images of different periods, three leaves as described in 1.1 
will be set as a sample with all characteristic values at 
average of the three leaves. After eliminating the bad sample 
images due to aging and damages that affect the complete 
image, select 232 samples, 235 samples, and 233 samples 
separately in seedling period, flowering period and fruiting 
period for modeling, and divide them into modeling sets (155 
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samples, 156 samples, and 155 samples) and prediction sets 
(77 samples, 79 samples, and 78 samples) at the ratio of 2:1. 

C. Measurement of Nitrogen Content In Pepper Leaf 

After obtaining fluorescence image, place all fresh leaf 
samples at temperature of 105°C and keep the fixation for 
30min, and maintain the temperature at about 80°C, then dry 
the leaves to a constant weight. Mix the three leaves of the 
same sample and grind them evenly, and take 50mg of each 
sample for test, then use kjeldahl method to detect the 
nitrogen content of all samples and express the nitrogen 
content in leaf with percentage of weight for unit leaf, and 
the unit is %. 

D. Modeling 

(1) Image pretreatment: The experiment is performed in a 
dark room, in which the black cargo platform is used as the 
background to primarily reduce the environmental 
interference. To reduce or eliminate the impact of machine 
error and dust in environment, the image pretreatment was 
conducted prior to the data treatment for denoising[23]. The 
background subtraction [5] is used for image pretreatment 
for enhancing the accuracy of image information and 
obtaining effective image information. The background 
without measured objects will be excited for shooting firstly 
as shown in Fig. 2, next the background with measured 
objects will be excited for shooting as shown in Fig. 2 (b). 
The images after the background subtraction calculation are 
these inverse color-different images shown in Fig. 2 (c), 2 (d) 
and 2 (c). The Fig. 2 (d) distinctly shows that the periphery 
redundant substances were effectively eliminated after the 
background subtraction. According to the results, the 
background subtraction can reduce the environmental 
inference to the largest degree and improve the efficiency for 
obtaining information. 

(2) Modeling and prediction: The PCA (Principal 
Component Analysis) is adopted to carry out dimension 
reduction process for various variables highly correlative 
with the nitrogen content and the results are considered as 
input variables of modeling, and three modeling methods – 
BPNN (Back Propagation Neural Network) optimized based 
on genetic algorithms, MLR (Multiple Linear Regression) 
and PLS (Partial Least Squares) are adopted for modeling. 
BPNN optimized based on genetic algorithms is obtained 
through giving the optimal individual obtained by genetic 
algorithms to BPNN based on the original BPNN, which has 
a high nonlinear mapping capability. MLR can usually 
reflect the linear relation between the tested information and 
chemical properties of samples. PLS is a MLR method 
which can achieve data structures simplification and 
canonical correlation analysis simultaneously, and can well 
resolve problems that common MLR fails to resolve. 

To verify the stability of models and evaluate the results, 
analyze and compare sample correlation coefficient of 
prediction (Rp), RMSEP, sample correlation coefficient of 
calibration (Rc) and RMSEC of different models; the closer 
to 1 the correlation coefficients of models are, the smaller the 
root mean square error is and the better the model 
performance is. 

   
(a)                              (b) 

   
(c)                                 (d) 

Figure 2 The pictures of image pretreatment  

III. DATA STATISTICS AND ANALYSIS 

A. Extraction of Chlorophyll Fluorescence Image 
Characteristic Parameters of Pepper Leaves 

During the extraction of characteristic parameters, there 
are 25 eigenvalues[24-27] extracted according to the 
characteristic parameters of RGB, HIS and HSV space 
systems expressed with colors and changes in algorithms 
among parameters, respectively R, G, B, GRAY, H, S, V, 
R/G, G/R, R/B, B/R, B/G, G/B, R/(G+B), G/(R+B), B/(R+G), 
r, g, b, NID, ExR, ExG, ExG- ExR , Exr and Exg. SPSS 
software is used to analyze the correlation between each 
eigenvalue and leaf nitrogen content, in which 18 
eigenvalues - R, G, B, GRAY, H, S, V, R/G, G/R, R/(G+B), 
G/(R+B), B/(R+G), r, g, b, NID, Exr and Exg are obviously 
corrective with the nitrogen content at the 0.01 level, and 
correlation coefficients are higher than 0.5. 

As for the ratio of eigenvalues, such as R/G, R/G value of 
each pixel is obtained firstly before the average value, so 
R/G and G/R do not purely have a reciprocal relationship 
between each other. Set there are n pixels on each leaf, the 
computational formula of R/G is shown in (1) and that of 
G/R in (2). 
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B. Pseudo-color Image of Some Characteristic Parameters 
of Chlorophyll Fluorescence Image of Pepper Leaves 

The color space eigenvalues extracted initially only have 
single parameter data and the display images are black and 
white. However, human eyes’ identification ability of black-
and-white images is far lower than that of color images, 
therefore, pseudo-color process is carried out for 
characteristic parameters during analysis to express 
numerical value of each pixel with clear gradient colors, thus 
to obtain more intuitionistic images. See Fig. 3 for the 
pseudo-color image of some characteristic parameters. 

   
GRAY                      R/G 

   
G/R                       R/(G+B) 

   
R                            G 

   
Exr                          Exr 

Figure 3. The pseudo-color image of some characteristic parameters 

C. Extraction of Eigenvalues 

For easy modeling, adopt PCA for data dimension 
reduction before modeling to reduce the number of variables 

and resolve multiple correlation problems, thus to reach the 
purpose of analysis over the original variables. New 
variables after dimension reduction are not correlative, but 
also the main information of original variables is reserved, 
which have superior properties than the original variables. 
From Table 1, we can see that PCA is adopted to extract 
characteristic variables and the effective independent 
variables of models in the three stages have reduced from 18 
to 3. Characteristic roots of the three effective variables are 
greater than 1, meaning that the three principal components 
after dimension reduction have good correlation with the 
target parameters. From Table 1, it can be seen that the three 
principal components in seedling stage, flowering stage and 
resulting stage respectively include information of the 18 
original variables - 98.19%, 98.741% and 97.103%. 

D. Statistic Analysis of Nitrogen Content In Pepper Leaf 

Statistics of the nitrogen content of 232, 235 and 233 
pepper leaf samples has been carried out respectively in 
seedling stage, flowering stage and resulting stage and the 
total samples in each stage are divided into 155, 156 and 155 
sample modeling sets and 77, 79 and 78 sample prediction 
sets, which are respectively used for modeling and prediction. 
See Table 2 for the scope, mean and standard deviation of 
leaf nitrogen content of total samples and samples in 
modeling set and prediction set. 

E. Establishment of Prediction Models 

To judge the predictive ability of the extracted 
characteristic variables for leaf nitrogen content, MLR and 
PLS modeling are used besides classic BPNN modeling. 
More simplified BPNN, MLR and PLS models are 
established respectively by treating the three main 
characteristic variables extracted by PCA as the independent 
variables of BPNN and MLR modeling, 18 variables 
obviously corrective with nitrogen content as the 
independent variables of PLS and the leaf nitrogen content as 
the dependent variable. In which, the structure of BPNN 
determined after repeated training is: 10 neurons in hidden 
layer, training rate - 0.5, permissible error - 0.00001 and 
maximum iterations - 1000. See Table 3 for modeling results. 

From Table 3, it can be seen that the modeling effects in 
the three stages are slightly different, but the overall trend is 
the same. Correlation coefficients Rc of modeling sets of 
BPNN and MLR are above 0.94 and correlation coefficients 
of the prediction set Rp reaches 0.8, so the effect is good. 
From Fig. 4, 5 and 6, the imitative effect of the predicted N 
content of three models in the three stages with the actual N 
content can be known, and it can be seen that the optimal 
prediction model is BPNN model and the correlation 
coefficients of modeling set in seedling stage, flowering 
stage and resulting stage are 0.962, 0.978 and 0.945 
respectively and the correlation coefficients of prediction set 
0.908, 0.906 and 0.905 respectively. It shows that compared 
with linear regression methods like MLR and PLS, a 
nonlinear regression method BPNN is more applicable to 
establishment of detection models of nitrogen content in 
pepper leaf, which can get the ideal prediction precision. 
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TABLE 1. TOTAL VARIANCE EXPLAINED 

The stage The principal components 
The initial eigenvalue 

Total The variance /% Accumulation /% 

Seedling stage 

1 18.846 75.385 75.385 

2 4.567 18.268 93.653 

3 1.134 4.537 98.19 

Flowering stage 

1 19.05 76.201 76.201 

2 3.62 14.479 90.681 

3 2.015 8.06 98.741 

Resulting stage 

1 20.205 80.822 80.822 

2 2.967 11.867 92.689 

3 1.104 4.414 97.103 

TABLE 2. STATISTICS OF MEASURED NITROGEN CONTENT 

 

TABLE 3. COMPARATIVE ANALYSIS OF THREE PREDICTION MODELS 
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Figure 4. Prediction performance of seedling stage 

 

 
Figure 5. Prediction performance of flowering stage 
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Figure 6. Prediction performance of fruiting stage 

IV. RESULTS AND CONCLUSIONS 

To explore and research the relationship of chlorophyll 
fluorescence with greenhouse pepper nutrition, chlorophyll 
fluorescence imaging system is adopted with the machine 
vision technology to collect chlorophyll fluorescence image 
of pepper leaf, and the digital picture processing technique is 
used to obtain eigenvalues of the image and the following 
conclusions are drawn after analysis of the eigenvalues. 

(1) Under the excitation of LED excitation light source, 
CCD camera and filter are adopted to obtain the pepper 
chlorophyll fluorescence image, extract characteristic 
variables of images and predict nitrogen content in pepper 
leaf, which is simple and convenient and provides references 
for greenhouse pepper nutrition management. 

(2) Among the 25 characteristic variables extracted from 
chlorophyll fluorescence images, 18 characteristic variables 
are significantly corrective with the nitrogen content at the 
0.01 level, and correlation coefficients are above 0.5, 
showing that the 18 characteristic variables can be used to 
diagnose the nitrogen nutrition of pepper. 

(3) When analyzing and comparing single characteristic 
variables, we found that there are some influences of linear 
relation between two characteristic variables partially, so 
PCA is adopted to extract three main characteristic variables 
which are not correlative with each other. Under the same 
light condition, the extracted characteristic variables may be 
influenced by heating of light source and different light 
distribution, so a more accurate system calibration method 
should be adopted in further experimental tests for 
improvement. 

(4) Characteristic parameters extracted by PCA are 
treated as input of BPNN and MLR models and the nitrogen 
content in pepper leaf is fitted with each other. Correlation 
coefficients Rc of modeling set in the three stages are 0.962, 
0.941; 0.978, 0.904; 0.945, 0.943, and correlation 
coefficients Rp of prediction set are respectively 0.908,0.836; 
0.906, 0.871; 0.905, 0.803. Compared with the other two 
models, PLS modeling results are not good, and the optimal 
model is BPNN. Correlation coefficients of modeling set and 
prediction set are both above 0.9, showing that compared 
with linear regression methods like MLR and PLS, the 
nonlinear regression method BPNN is more applicable to 
establishment of prediction model of nitrogen content in 
pepper leaf. 

Establishing a prediction model of leaf nitrogen content 
by using characteristic parameters of chlorophyll 
fluorescence image provides a new method of carrying out 
real-time, accurate and nondestructive detection of nitrogen 
content in pepper leaf, having improved the complicated 
traditional chemical method, having provided basis for 
greenhouse fertilizer management, having improved the 
accuracy of greenhouse nutrition management decisions and 
also having provided a certain technology basis for future 
chlorophyll fluorescence technology in the aspect of crop 
nutrition detection. 
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