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Abstract. Traditionally, the assessment of plants for different diseases is carried out by visual 

determination of leaf damage with the help of an expert – phytopathologist. This method has a number of 

disadvantages that are proposed to be overcome with the use of the automated system-cognitive analysis 

(ASC-analysis) of the spectra of images plants in the intelligent system called “Eidos”. For this purpose, we 

solve the following tasks: Task 1: formulating the idea and concept of the solution of the problem; Task 2: 

justifying the choice of the method and the tool to solve problems; Task 3: applying the selected method and 

the tool to solve the problems, i.e. to perform the following steps: – cognitive structuring of the subject area; 

– formalization of the subject area; – synthesis and verification of models; – improving the quality of the 

model and the choice of the most reliable models – solution in the most reliable model of diagnostic tasks 

(classification, recognition, identification), decision support and research of the modeled subject area by 

studying its model. Task 4: describing the effectiveness of the proposed solution. Task 5: examining the 

limitations and disadvantages of the proposed solutions for the problems and prospects of its development 

by overcoming those limitations and drawbacks. We also provide a detailed numerical example intellectual 

analysis of spectral images of plants with real data by applying the ASC-analysis and “Eidos” intellectual 

system. However, students and scientists still do not notice that open, scalable, interactive, intelligent on-

line environment for learning and researches already exists and operates, based on automated system-

cognitive analysis (ASC-analysis) and its programmatic Toolkit – intellectual “Eidos” and the author's 

website. This article is an original presentation and it is designed to familiarize potential users with the 

capabilities of this environment. 

1 Introduction 

Traditionally, the degree of damage of plants by various 

diseases can be estimated using visual determination 

with the help of an expert in Phytopathology [1-20]. This 

method is characterized by a number of disadvantages: 

1. High complexity (high costs of labour and time for 

measurement). 

2. Low accuracy: 

– due to the use of the ordinal scale, which includes 

only 5 grades (interval values), the boundaries of which 

are quantitatively defined; 

– due to the human factor, i.e. explicit subjective 

errors in determining the extent of the damage, which 

leads to an unacceptably strong dependence of the 

evaluation results not only from the extent of damage the 

leaves, but also from the experience of the expert; 

3. The lack of adaptability, i.e. the possibility of self-

improvement of traditional methods with the aim to 

overcome the above mentioned disadvantages and to find 

zones and configuration for different types of damages 

(diseases), races of pathogens, plant variety, etc. 

We see that the shortcomings of the traditional 

solutions are quite significant, and, therefore, the efforts 

of researchers and developers to overcome them are 

relevant.  

Therefore, the aim of this work is to develop a 

method and instrumentation that provides quantitative 

rapid assessment of the degree of destruction of plants in 

the conditions of the field using their images. 

To achieve this goal, it is necessary to solve the 

following problem [25]: 

Task 1: to formulate the idea and the concept to solve 

the problem; 

Task 2: to justify the choice of methods and tools to 

solve the problem; 

Task 3: to apply the selected method and the tool to 

solve the problem, i.e. to perform the following steps: 

– Cognitive structuring of the subject area; 

– Formalization of the subject area; 

– Synthesis and verification of the model; 

– Improving the quality of the model and the choice 

of the most reliable model 

– Performing diagnostic tasks (classification, 

recognition, identification) in the most reliable model, 

decision support and research of the modeled subject 

area by studying its model. 

Task 4: to describe the effectiveness of the proposed 

solution. 

Task 5: to examine the limitations and disadvantages 

of the proposed solutions for the problems and prospects 
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of its development by overcoming those limitations and 

drawbacks. 

Next, we consider the solution of these problems. 

2 Materials and Methods 

2.1 The idea and the concept of the solution of 
the problem (task 1) 

The idea of solving problems is to use modern 

technologies for this, which simply did not exist during 

the development of the traditional approach.  

Recently, these technologies are increasingly used in 

various fields of agriculture, such as precision 

agriculture, survey of agricultural lands on the basis of 

multispectral image acquisition and analysis; drones are 

used in environmental monitoring, in the assessment of 

dynamics of exogenous geological processes, in the 

inventory of objects of forestry, in the evaluation of the 

volumes of deforestation, in monitoring of agricultural 

land, etc. There are virtual instruments for determining 

leaf area, definition of the contours of grape leaves [21], 

and the analysis of the contours of insect species [22]. 

The concept of the solution of the problem 

formulated above concretizes our idea. It is applying 

artificial intelligence technologies to create a mobile tool 

for Phytopathology specialists for quantitative rapid 

assessment the extent of damage leaves of winter barley 

due to leaf spot in field conditions, based on spectral 

analysis of the images of the leaves.  

As a virtual tool, it is proposed to use a Windows 

tablet, allowing running any software under Windows OS 

and having a camera to obtain quality (high-resolution and 

good color depth) images of leaves in terms of fieldwork, 

as well as providing access to the Internet. 

If the area of the field where the expert needs to 

perform his measures has an Internet access, the tablet 

can be used as a camera for shooting the leaves and 

transferring their images onto your main computer and 

as a terminal for remote control for the main computer 

using TeamViewer. This program provides a 

comfortable work on a remote computer from your 

mobile device. 

If the area has no Internet access, the tablet provides 

running the necessary software locally. 

Artificial intelligence system that provides spectral 

analysis of specific images and the formation of 

generalized spectra of groups of images (classes) can be 

applied to: 

– create models that reflect the dependence of the 

spectral characteristics of leaves of winter barley from 

the level of their damage caused by leaf spot; 

– apply these models to diagnose the extent of 

damage of specific leaves. 

According to the hypothesis of the authors, this will 

ensure overcoming all the above drawbacks of the 

traditional approach: 

1. It will decrease the cost of labor and time for 

measurement. 

2. It will increase the measurement accuracy due to: 

– the use of numerical scales of measurement with 

any desired number of interval values of the spectrum 

(numerical experiments were conducted with a number 

of colors in the spectrum from 7 to 350); 

– excluding the human factor, i.e. the subjective error 

in determining the extent of the damage that will provide 

the dependence of the assessment results only from the 

degree of destruction of barley and relieve the 

dependency on the experience of the specialist; 

3. It will ensure adaptability of the measuring 

instrument due to the possibility of self-improvement for 

both its zoning and configuration on different types of 

damage (diseases) and varieties of barley, and for other 

plants. This will let us create, expand and improve the 

database for decision-making (models) tailored to the 

needs of a specific user (or expert). 

2.2 The rationale for selecting the method and 
the tool to solve problems (task 2) 

Automated system-cognitive analysis (ASC-analysis) 

developed by Professor E.V. Lutsenko in 2002 for 

solving a wide class of problems of identification, 

forecasting, classification, diagnosis, decision support 

and research of the modeled subject area by studying its 

model. ASC-analysis has a software tool, which is a 

universal cognitive analytical system called “Eidos” 

(Eidos system).  

The system is full free open software and can be 

accessed on the author's website at: http://lc.kubagro.ru/ 

aidos/_Aidos-X.htm and implemented in a generic 

setting, independent from the subject area. The system 

has about 30 built-in local training applications and 

about 100 cloud-based Eidos applications of educational 

and scientific character. 

Mathematical model of Eidos system is based on the 

system fuzzy interval mathematics and provides 

comparable handling of large volumes of fragmented, 

noisy and interdependent data in different types of scales 

(nominal, ordinal, and numerical) and different units of 

measurement. The system provides creation of 

information and measuring systems in various 

application domains [21], in particular, ASC-analysis of 

images [21, 22]. In Eidos there is implemented software 

interface for automated input of images into the system 

and identification for spectral characteristics, such as 

specific images, and generalized images of the classes, 

i.e. generalized images based on a few specific ones  

[23]. This would allow us: 

1. Measuring the spectra of the graphical objects (i.e., 

determining the colors present in the image). 

2. Forming the generalized spectra classes. It 

calculates the amount of information in every color of 

the spectrum of a generalized class of belonging of a 

particular object with that color in the spectrum to the 

class. 

3. Comparing concrete objects to classes according to 

their spectra. We calculate the total amount of 

information in the colors of the spectrum of a particular 

object that it belongs to the generalized image class. 

4. Comparing classes with each other in their spectra. 
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As the image spectrum of the system, we consider 

the proportion of pixels of different colors in the total 

number of pixels in the image excluding background. 

By multivariable typing, the system creates a 

systemic cognitive model, using which (if the model is 

sufficiently accurate), one can solve problems of system 

identification, prediction, classification, decision support 

and research of the modeled object by studying its model 

[21, 24, 25]. 

All this explains the choice of ASC-analysis and 

Eidos system as the instruments of solving this problem. 

2.3 Applying the selected method and the tool 
for solving the task 3 

The solution of the task 3 involves the following steps, 

standard for ASC-analysis: 

– Cognitive structuring of the subject area; 

– Formalization of the subject area; 

– Synthesis and verification of models; 

– Improving the quality of the model and the choice 

of the most reliable models 

– Solving diagnostic tasks in the most reliable model 

(classification, recognition and identification), decision 

support and research of the modeled subject area by 

studying its model. 

All of these ASC-analysis steps, with the exception 

of the first one, have been automated in Eidos system. 

Let us consider them in order of execution. 

2.3.1 Cognitive-targeted structuring of the subject area 

At the stage of cognitive-targeted structuring of the 

subject area, we decide on the quality level what we 

should consider as factors acting on the simulated object 

(causes), and what will be the results of these factors 

(effects). 

In this article, based on the optical spectra of leaves 

of winter barley, we are going to determine the degree of 

lesions of this leaves by leaf spot. 

Accordingly, for formalizing the tasks performed in 

the next step of ASC-analysis, we are going to use two 

scales: 

– Classification scale: “The degree of damage caused 

by leaf spot (%)”; 

– Share of colors of the optical spectrum in the image 

of the leaves. 

2.3.2 Formalization of the subject area and description 

of the source data 

Formalization of the subject area is the stage of ASC-

analysis, which first develops the classification and 

descriptive dials and graduations, and then uses them to 

encode the source data to a form, which is convenient for 

further processing in Eidos system, i.e. for the synthesis 

and verification of models; it means we form the training 

sample and the base events.  

This is a convenient form of data presentation for 

system data processing and it is called “normalized 

database”, and the content of formalization of the subject 

area, in fact, is a normalization of the source database.  

In Eidos system there is a lot of software interfaces 

with external data sources that can be combined in three 

groups: 

– Interfaces with text data; 

– Interfaces with tabular data; 

– Interfaces with graphical data. 

In the future, we plan to expand the data types for the 

programming interfaces. 

For the convenience of users, using some of the 

interfaces with graphical data is duplicated in 

subsystems: 4.7. ASC- analysis of images and 4.8. 

Geocognition system. 

As the image spectrum in the system, we consider the 

proportion of pixels of different colors in the total 

number of pixels in the image excluding the background 

[23]. 

This mode has provided: 

– the image input into system according to the pixels 

(to do this, we execute the first two modes of the training 

data); 

– measurement of the spectra of images with a given 

number of color ranges (color ranges) (4th mode of data 

preparation); 

– a review of the characteristics of the spectrum of 

certain images as their characteristics in the formation of 

models (along with the pixels); 

– an output of the original images with their spectra 

on the screen and saving them as files in the folder: 

..\AID_DATA\InpSpectrPix\. 

– the formation of the generalized spectra of images 

belonging to different groups, classes (generalized 

spectra classes); 

– a quantitative comparison of specific images by 

their generalized spectra with spectra of the classes, i.e. 

the solution to the identification problem (classification, 

diagnostics, recognition, forecasting); 

– quantitative comparison of the spectra of 

generalized classes to each other and solving the 

problems of cluster and structural analysis; 

The source image must be in jpg or bmp format, and 

must be directly in the folder: ../Aid_data/Inp_data/, if 

the aim is formalization of the subject area and the 

synthesis model, and in the folder: ../Aid_data/Inp_rasp/, 

if the aim is formation of a detectable sample. 

For spectral analysis of images no matter how they are 

scaled and rotated, but it is desirable that they were 

without any background. Batch on-line services, provide 

“contouring and removing the background” of images are 

possible to find in the Internet upon the request quoted. 

The system works with image files with .jpg and 

.bmp extensions. Files better had no more than 400 

pixels horizontally and vertically, otherwise they may 

appear on the screen in-correctly and the processing time 

can be very lengthy, because there is a pixel-by-pixel 

analysis of the image files. 

The part of the file name before the dash is 

considered by Eidos system as the name of the class, i.e. 

the group to which the file belongs. 
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After the dash, there is an internal file numbering 

within the class, i.e. the number of implementation or 

monitoring.  

For example, a generalized image class called: 

“barley 00 %” will be generated by the sys-tem based on 

the 6 examples of leaves attributable to this class, and 

the image class called: “barley 15 %” – only based on 

2 examples. If the dash in the file name is missing, the 

whole file name would be treated as the class name. 

Let us pay attention to the fact that Eidos system 

sorts text gradation of the classification scales, i.e. 

classes, in alphabetical order. Therefore, to keep a 

correct order and the scale ordinal, not just nominal, in 

the names of the graphic files of the source data we use 

leading zeros when numbering implementations inside 

the class (09 instead of 9, 01 instead of 1). The number 

of such leading zeros is taken in order to have enough to 

number all the files. 

Due to the formalization of the subject area, we get 

all the conditions for the synthesis and verification 

(assessment of reliability) of models. 

2.3.3 Synthesis and verification of statistical and system-

cognitive models 

Synthesis models 

The synthesis and verification of the models are carried 

out in the 3.5 mode of Eidos. The stage of the 

application process and the time of completion 

estimation appear on the screen. 

Model verification 

The evaluation of the reliability of the models is carried 

out by solving the problem of classification of the source 

images according to the images of the classes and 

counting the number of true positive and negative, as 

well as false positive and negative solutions in F-

measure by van Rijsbergen and L1–L2-measures by 

Professor E. V. Lutsenko [23]. 

Classic quantitative measure of the reliability of the 

models: F-measure by van Rijsbergen is based on 

counting the total number of correctly and incorrectly 

classified and not classified objects in the training 

sample. In multiclass classification systems, the object 

can simultaneously apply to multiple classes. 

Accordingly, in the synthesis of the model its description 

can be used for the formation of generalized images of 

many of the classes it belongs to. When using the model 

for classification, we determine the degree of similarity 

or divergence of the object with all the classes, and a 

true-positive solution may be the membership of the 

object in several classes. As a result of this classification, 

it turns out that the object is not just correctly or wrongly 

relates or does not relate to different classes, both in the 

classical F-measure, but correctly or wrongly relates or 

does not relate to them in varying degrees.  

However, the classic F-measure does not account for 

the fact that the object may simultaneously belong, in 

fact, to multiple classes (multicrossover) and the fact that 

the result of the classification can be a different degree 

of similarity-differences of object classes (blur-ring). In 

the numerical example, the authors state that with true-

positive and true-negative solutions, the similarities-

differences of the object class module is much higher 

than for false positive and false negative solutions.  

Therefore, it was proposed to use L1-measure of the 

reliability of the models [23], taking into account not just 

the fact of true or false positive or negative solutions, but 

also the degree of confidence of the classifier in these 

solutions. In classifying big data, we have revealed a 

large number of false-positive decisions with a low level 

of similarity, which, however, in total, contribute to 

reducing the reliability of the model.  

In order to overcome this problem, we propose using 

L2-measure (Lutsenko, 2017), which uses the average 

similarity by different classifications instead of the sum 

of the levels of similarity. Thus, this work offers 

measures of the reliability of the models, called L1-

measure and L2-measure, mitigating and overcoming the 

shortcomings of the F-measure; these measures are 

described mathematically and their application is 

demonstrated on a simple numerical example. In Eidos 

intellectual system, which is a software toolkit for the 

automated system-cognitive analysis (ASC-analysis), all 

these measures of the reliability of the models: F, L1 and 

L2 have been implemented.  

Mode 4.1.3.6 shows the accuracy of each model 

according to these measures of reliability. In this case, INF3 

model has the highest accuracy according to L2-measure. 

3 Results 

3.1 Diagnosis of the extent of the damage 
caused by leaf spot in barley  

3.1.1 The spectra of the original images 

The spectra of source images are formed at formalization 

of the subject area, because they represent one of the 

stages of the process of formalization. However, they are 

presented in this section (Figure 1), because it is easier to 

compare them with generalized spectra of the classes, 

which are formed at the synthesis stage of the model, 

and which will be considered in the next section. 

3.1.2 Generalized spectra classes 

The spectra of the original images shown in Figure 1, 

show that the higher the degree of damage caused by leaf 

spot is, the smaller the share of green and the bigger the 

share of red are. Nevertheless, it is evident on a 

qualitative level. The quantitative comparison carried out 

in the system by forming the generalized spectra of 

classes that were compared to each other (Figure 2). 

From Figure 2 we can understand how they performed 

a comparison of the generalized spectra of classes with 

each other. On the left, we see the relative frequency, i.e., 

roughly speaking, the conditional probability of colors of 

the optical spectrum in each class (it is indicated by the 

height of column colors in the histogram) and the average 

for the whole sample of the source images, i.e. the prior 

probability (indicated by dashed lines). 
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Fig. 1. Examples of spectra of original images of barley leaves affected by net blotch in varying degrees 

 

 
Fig. 2. Example of a generalized spectrum of a class of images of barley leaves, with a certain degree of damage caused by leaf spot 

 

It can be easily seen, that in each class some colors 

are more common than the average for the sample, and 

some are less common. 

The image on the right shows the result of the 

comparison of the conditional spectrum class with the 

absolute spectrum of the whole sample. For each color of 

the spectrum, the result of the comparison includes the 

sign and the module. 

If the probability of the color in the class is higher 

than the average for the whole sample, we see the 

corresponding color spectrum in the form of a column 

greater than zero. 

If the probability of the color in the class is lower 

than the average for the whole sample, we see the 

corresponding color spectrum in a column below zero. 

The module column of each color reflects the degree 

of difference between the conditional probability of 

meeting that color in a given class from the 

unconditional probability of its meeting for the whole 

sample. 
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Positive colors on the image on the right can be 

considered typical for this class, and negative ones are 

not typical, the degree of difference from zero reflects 

the degree of specificity or non-specificity. 

From comparison of the spectra of the generalized 

classes, we know that the lower the degree of damage 

caused by leaf spot is, the more typical the green color of 

the leaves is and the less common red is; the higher the 

degree of damage is, the higher the specificity of the red 

color is, and the lower the specificity of the green is. 

On the right, we see the data of the color of each 

spectral range, which tells us about the place of the 

object with that color in a particular class. If in a given 

class the conditional probability to find pixels of this 

color is higher than the unconditional probability of 

meeting the average for the whole sample, this spectral 

range is typical for this class, if lower than for the whole 

sample – that is not typical, if the conditional probability 

of meeting the pixels in this spectral range is close to the 

unconditional (average for the whole sample), the 

detection of the color of a particular image says nothing 

about belonging or not belonging of the given image to 

this class. 

According to the obtained results, it is clear that the 

program is clearly delineate the leaves on different 

percentages of lesions (due to the colors met), yet it 

determines the probability of meeting the color of the 

class studied; stores it in the database, after which, you 

can download tens and hundreds of scanned leaves, and 

the program would accurately and quickly refer to a 

particular class of lesions, which greatly accelerates and 

facilitates the process for researchers.  

When there is a large study sample, in the future, it 

will be possible to create a database for each variety and 

disease, and to analyze the resilience or susceptibility of 

the varieties in different agro-climatic conditions in the 

years of research and even in the races of pathogens. 

In essence, this means that the system called “Eidos” 

to a certain extent computerizes those methods of the 

analysis which are applied by an expert in 

Phytopathology and significantly improves the quality of 

his work and reduces its complexity. 

Quantitative estimations of these parameters are 

based on analytical expressions for individual criteria, 

based on which, a calculated in Eidos model appears. 

3.1.3 Screen forms with the results of diagnostics 

To perform diagnostics, i.e. for determination of the 

degree of similarity in specific leaf images with 

generalized classes according to their spectra, it is 

necessary to perform routine 4.1.2 in the most reliable 

INF3 model, which had been made current previously. 

The diagnostic results can be output in many screen 

forms and tables that are grouped in the mode 4.1.3. The 

recognition results output. 

3.1.4 Studying the simulated subject area through the 

examination of its models 

Eidos system includes many different possibilities for 

studying the simulated object by examining its model. 

Naturally, the results of these studies can be considered 

as the results of the study of the object of modeling to 

the extent that the model correctly reflects its properties, 

because it is adequate. 

In particular, this includes the following studies: 

information portraits of the classes; non-local neurons 

and a neural network; cluster-constructive analysis; 

automated SWOT-analysis; cognitive function and 

several others. However, this article not even briefly 

considers these tools of scientific research in connection 

with the severe restriction on its volume. 

3.2 Insights 

3.2.1 The effectiveness of the proposed solution to the 

problem (task 4) 

As the analysis of the results of the numerical 

experiment shows, problem solving proposed and 

implemented in the system of “Eidos” is quite effective, 

and it can reasonably claim that the purpose of the work 

is achieved. 

3.2.2 The limitations and disadvantages of the proposed 

solution to the problem and the prospects for its 

development by overcoming these limitations and 

drawbacks (task 5) 

However, it was discovered that some classes were not 

related to the clusters they were expected to be.  

For example, as it can be seen from the cognitive 

chart, the class of 30% of the lesions was in the cluster: 

“Low degree of damage”, and classes 15% and 20% 

were in the cluster: “High degree of damage”. The 

reasons for this are seen in certain incorrectness of the 

selection of the source data, as well as in its evaluation 

by experts. To overcome this drawback we recommend: 

– To increase the volume of the source data; 

– To valuate data using a group of experts; 

– To reduce the number of levels in the classification 

scale; 

– To use a specially designed classification scale. 

However, this is planned to be done in future work. 

4 Conclusion 

As the result of this work, using Eidos system, we have 

measured spectra of graphic images of barley leaves of 

Pavel variety damaged by leaf spot (i.e., we have 

precisely defined the colors present in the image); we 

have formed the generalized spectra of classes. We have 

also compared particular objects to classes according to 

their spectra. The total amount of information in the 

colors of the spectrum of a particular object to find if it 

belongs to the generalized image of the class was 

calculated. 

Thus, the goals and the aim have been achieved, the 

problem has been solved.  
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