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ABSTRACT 
It is shown that by the method of remote registration of fluorescent radiation excited by laser radiation, 
it is possible to determine not only the species of plants, but also to divide classes of plants belonging 
to subspecies within the class.  
To achieve accuracy, discriminant analysis was applied and the quality of the classifier was evaluated 
To date, a wide range of methods of laser remote sensing based on fluorescent responses of vegetation 
have been developed and found application. The advantage of these methods lies in the spatial 
selectivity of the sensing objects and the absence of optical interference when registering signals at 
night.  
The separability between classes will be the greater, the more features will be included in the 
consideration. The amplitude values of intensity in a discrete set of spectral channels in the wavelength 
range of 670 – 740 nm were selected as signs. 
Thus, reliable results are obtained for decoding remote sensing data of vegetation cover using 
measurements made in the spectrum zones of 670-740 nm, providing the highest spectral resolution. 
Digital analysis of multichannel data increases the reliability of differentiation of various typological 
categories of vegetation cover. 
KEYWORDS: remote sensing, laser, fluorescence, spectrum, plant, pattern recognition 

抽象的 

结果表明，通过对激光辐射激发的荧光辐射进行远程记录的方法，不仅可以确定植物的种类

，而且可以划分属于类内亚种的植物类。 

为了达到准确性，应用判别分析并评估分类器的质量 

迄今为止，已经开发出多种基于植被荧光响应的激光遥感方法并得到应用。这些方法的优点

在于传感对象的空间选择性和夜间记录信号时不存在光学干扰。 
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类之间的可分离性越大，考虑的特征就越多。选择波长范围为 670 – 740 nm 的一组离散光谱

通道中的强度幅度值作为符号。 

因此，使用在 670-740 nm 光谱区进行的测量，获得了解码植被覆盖遥感数据的可靠结果，提

供了最高的光谱分辨率。多通道数据的数字化分析提高了植被覆盖不同类型分类的可靠性。  

关键词: 遥感, 激光, 荧光, 光谱, 植物, 模式识别 

 
INTRODUCTION 
 The application of technologies developed on 
the basis of the use of modern achievements of 
spectroscopy and laser technology is an 
important task in environmental monitoring, in 
particular, in solving problems of optimizing 
activities in the agricultural sector. The latter 
provides for monitoring the condition of crops 
with optical sensors installed on board air or 
space carriers. 
To date, a wide range of methods of laser remote 
sensing based on fluorescent responses of 
vegetation have been developed and found 
application. The advantage of these methods lies 
in the spatial selectivity of the sensing objects 
and the absence of optical interference when 
registering signals at night [1,2]. 
Modern remote environmental monitoring 
methods allow obtaining operational information 
about the state of vegetation in real time by 
registering secondary radiation induced by laser 
irradiation (LIF). At the same time, the most 
informative for remote diagnostics is the LIF 
signals in the spectral range of 600 - 750 nm. 
[4,5]. 
The spectral forms of higher plants observed in 
the optical range of 450 - 750 nm are 
approximately the same due to the identity of the 
mechanism of photophysical and photochemical 
reactions occurring in the photosynthetic 
apparatus (FSA) of plants.  

Nevertheless, in practice, it is possible to detect 
small visual differences that exist not only 
between species, but also within the same 
variety, differing in their physiological state 
[6,7].Как показали эксперименты на опытных 
образцах, спектральные различия более четко 
обнаруживаются в спектрах флуоресценции, 
чем в спектрах отражения.  
Обнадеживающим является и тот факт, что  
характерный спектр флуоресцентных  эхо-
сигналов при  лазерном возбуждении с борта 
летательного аппарата мало отличается от 
спектров, полученных в рамках 
лабораторных экспериментов и наземной 
калибровки аппаратуры [8,10]. Experiments on 
prototypes samples have shown that spectral 
differences are more clearly detected in the 
fluorescence spectra than in the reflection 
spectra. It is also encouraging that the 
characteristic spectrum of fluorescent echo 
signals during laser excitation from an aircraft 
differs little from the spectra obtained in 
laboratory experiments and ground calibration of 
equipment [8,10]. 
 
MATERIALS AND METHODS 
 Full-scale flight experiments performed by us 
using onboard laser measuring equipment to map 
the level of fluorescent signals showed distinct 
differences in their spectral forms depending on 
the state of ground vegetation, although in a 
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series of these experiments the signal excess over 
the noise level was not too high. These 
measurements demonstrated the possibility of 
confident remote diagnostics of stress conditions 
of terrestrial vegetation based on the registration 
of fluorescent responses [9].  
Thus, the long-wave peak, which is a shoulder 
shape in healthy plants (curves 1 in Fig.1), with 
the development of the disease infected with the 
fungus Verticillium dahlaye (V.D.), took on an 
increasingly smoothed appearance with further 
transformation into a monotonously decreasing 
curve (curves 2). 

 
Fig.1. Spectra of cotton leaf bodices depending 
on its physiological state. 1- healthy leaves, 2 - 
plants affected by the fungus Verticillium 
dahlaye  (V.d.) . 
 
Quite clear differences were found in the 
structure of the fluorescence spectra 
corresponding to healthy and diseased plants. At 
the same time, it should be noted that the 
pathological condition of plants was spectrally 
detected even in the absence of visual signs of the 
disease. 
            
However, there are certain difficulties in 
classifying plant objects due to the significant 
overlap of the spectral signature corresponding to 

groups similar in species. This, in turn, leads to a 
significant overlap of spectral zones between 
individual classes (Fig. 2). Therefore, for an 
adequate classification of objects by their 
spectral appearance, statistical analysis of data in 
the range of all possible variations is necessary. 

 
Fig.2. Statistical spread of spectral curves 
normalized by Ifl (680 nm) for various classes of 
plants: 1 - cotton, 2 - corn, 3 - wheat. 
      For the most accurate identification of 
objects based on the analysis of spectral curves, 
image recognition (IR) methods are used [12]. In 
this case, the processing of an array of 
multispectral data is performed over a finite 
number of discrete quantities formed from the 
intensities of spectral responses at certain 
wavelengths.  
The clarity of such a description consists in the 
fact that the data characterizing a particular class 
form a point (or a collection of points) in a 
multidimensional feature space, with dimension 
n - equal to the number of selected channels. 
Then the task of interpreting remote 
measurements is reduced to determining whether 
the n -dimensional vector of the spectral response 
belongs to a particular class. The degree of 
reliability and quality of identification is 
ultimately determined by how clearly these 
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classes will be separated in the space of spectral 
features. 
 
RESULTS AND DISCUSSION 
The separability between classes will be the 
greater, the more features will be included in the 
consideration. The amplitude values of intensity 
in a discrete set of spectral channels in the 
wavelength range of 670 – 740 nm were selected 
as signs. Comparison of the curve of the 
statistical series obtained from a series of spectra 
(the mathematical expectation   and variance   
of which were calculated from tabulated data of 
the fluorescence spectra of cotton) with the curve 
of the normal distribution, it was found that the 
distribution of the probability density of 
luminescence intensity for the spectral data used 
further as training images obeys the normal law 
(Fig.3).  In addition, the spectral responses 
measured by two characteristic spectral channels 
turned out to be dependent. These properties of 
the signals gave grounds for choosing a 
discriminant function in the form of a normal 
distribution [13].   
     

 
Fig.3. Distribution of the probability density of 
the luminescence intensity of cotton. 
 1 - is a statistical series of experimental data, 2 - 
is a curve corresponding to a normal distribution, 
where x is the relative magnitude of the signal 
intensity of the selected spectral channel. 
 

    To solve the classification problem, a method 
of statistical pattern recognition was chosen 
based on the calculation of discriminant 
functions gi (X) of various classes i and the 
evaluation of these functions according to the 
maximum likelihood rule: 
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where is the a priori probability of class i, i.e. the 
probability of observing an image from class i, 
regardless of any other information. For remote 
measurements, the value of this probability can 
be obtained from preliminary ground 
observations. 
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where 
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n
lin X

q 1

;
1 is the mathematical 

expectation of the i-class variable X in the n-
spectral channel. 
The classification algorithm thus boils down to 
the following: the measured value X belongs to 

class  i (Xwi), if the calculated values  gi(x)  
gj(x) for all  j =1, 2,……. 
 Thus, to solve the classification problem, the 
corresponding discriminant functions of 

individual classes were constructed according to 
training images closely related to the set of 
features inherent in the objects under study. The 
selection of the most informative, from the point 
of view of classification of features, in this case, 
spectral channels, is carried out using a measure 
of statistical separability of classes i and j in the 

selected channel , as which the normalized 
distance was used 
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To find the most informative spectral channels, 
first of all it is necessary to evaluate the 
differences between classes in each channel. 
Therefore, the normalized distance and the 
Fisher criterion, in addition to their obvious 
simplicity, are quite acceptable for such 
estimates. 
Estimates of the informativeness of spectral 
features in absolute and relative units performed 

using the normalized distance  Dij() and the 

Fisher criterion  Fij()  show that the greatest 
difference in classes is observed in the region of 
the first maximum for data in absolute units 
(Table.1) and in the region of the second 
maximum for data presented in relative units 
(Table 2). 
                                                  
Table 1 
Mathematical expectation and variance for 
three different varieties of cotton 
(Spectral data in absolute units) 
Cotton varieties - "Krasnaya Akala" (cl.1), 
"6041" (cl.2), "Tashkent-1"(cl.3) 
 
 
Table 2 

Normalized distance  Dij   ()  and Fischer's 

criterion  Fij () between 15 day (class 1) and 
30 day(class 2)  plants of healthy cotton 
(spectral data in relative units) 

 (нм) D23 F23 

670 0.051 0.005 
680 0.00 0.00 
690 0.071 0.008 
700 0.083 0.010 
710 0.00 0.00 
720 0.111 0.019 
730 0.173 0.048 
740 0.133 0.029 
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Thus, reliable results are obtained for decoding 
remote sensing data of vegetation cover using 
measurements made in the spectrum zones of 
670-740 nm, providing the highest spectral 
resolution. Digital analysis of multichannel data 
increases the reliability of differentiation of 
various typological categories of vegetation 
cover. 
 
CONCLUSION 
 The laser-fluorescent technique, despite the high 
cost and complexity of its implementation in 
remote sensing compared to the measurement of 
spectral-reflective features, provides more 
adequate information about the condition of 
plants. The features of the fluorescent spectra 
provide information about the physiological state 
of plants even before the appearance of visual 
signs of stress, which is very important for the 
timely adoption of agrotechnical measures in 
agricultural production. Therefore, when using 
unmanned aerial vehicles (UAV) in remote 
sensing, the creation of light-weight and small-
power receiving and transmitting laser-optical 
devices becomes a very urgent task. Mobile 
systems installed on UAVs allow to accumulate 
and transmit operational information to ground 
services.  The use of this technique in solving 
regional tasks of monitoring the environment 
and, in particular, vegetation cover at night, 
could open up truly limitless possibilities in 
addition to the currently operating aerospace 
systems of global tracking of the Earth's surface, 
focused on measuring spectral-reflective 
characteristics in the daytime. 
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