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Abstract. The modern world has accumulated a large number of problems, 
one of which is global and regional food security. Technically, food security 
is linked to the production and processing of agricultural raw materials. One 

of the ways to ensure regional food security is to establish a link between 
agri-cultural production and the availability of agricultural land in the region 
per capita. In this paper, we consider a method for modeling the internal 
produc-tion of agricultural products in the region, depending on the availa-
bility of agricultural land, and also solve the inverse problem. Agricultural 
production is a multi-factor process with inaccurate and incomplete infor-
mation about its implementation. A fuzzy logic system with appropriate soft-
ware is widely used to solve this type of problem. This paper uses the 
MATLAB environ-ment. 

1 Introduction 

The modern world has accumulated a large number of problems, one of which is global 
and regional food security. The problem of food security in technical terms is mainly related 

to the production and processing of agricultural raw materials. Issues of global food security 

are discussed in [1,2]. In [3], a fuzzy model for predicting food security was developed for 

countries where there is no guaranteed access to quality food. In [4], the analysis of publica-

tions on food security issues was carried out in terms of the correspondence of research sites 

on food security and places of actual food demand. The issues of food security in Russia as 

a component of economic security are discussed in [5,6]. Issues of regional food security are 

discussed in [7], which analyzes the production of agricultural products depending on the 

availability of agricultural land per capita. The paper [8] examines the state of agricultural 

land in the region and its impact on regional economic development and food security. In [9], 

the issue of the relationship between regional food security and environmental impact on the 
environment in rice production is considered. Work [10] is devoted to the study of the influ-

ence of a number of factors on the sustainable production of milk and meat in the region . 

For modeling and managing these processes, a fuzzy logic system is very promising, 

which essentially simulates the decision-making process of a qualified specialist in their field 

of knowledge. One of the promising areas of using the fuzzy logic system is the development 

and use of controllers with fuzzy logic. In [11], a fuzzy logic controller is used to regulate 
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the operating modes of irrigation system equipment, in [12] – to control the temperature re-

gime in an agricultural greenhouse, in [13] - to control the flow of liquid in the equipment. 

In the food industry, fuzzy logic controllers are used to control the volume of the test billet 

during proofing [14], control the quality of dough rolling [15], control the sterilization pro-

cess of canned food [16], and others. 
A number of software packages are used to solve fuzzy modeling problems, including the 

MATLAB environment. The use of the MATLAB environment in programmable controllers 

is discussed in [12, 13], in [17] the process of poultry egg production is modeled, in [18], the 

need for fertilizers to increase the yield is analyzed, in [19] the decision-making process on 

the environmental risks of the production of genetically modified plants is modeled, in [20] 

the simulation of wastewater treatment with subsequent watering of mustard seedlings is 
considered, etc. 
In this paper, we consider a method for modeling the food potential of the region's domestic 

production depending on the availability of agricultural land using the MATLAB environ-

ment. 
FUZZY LOGIC

The formation of systems with fuzzy logic is based on the following principle: the readings 

of measuring devices are fuzzified, processed, defuzzified and fed to the actuators as usual 

signals. A block diagram of systems with fuzzy logic output is shown in Fig. 1.

Fig.1. Fuzzy inference system 
The main issue in the design of fuzzy logic devices is the formation of a knowledge base 

(rules). The database can be generated using the expert assessment-based generation method, 

as well as the automatic generation method based on monitoring the operator's actions.

At the stage of fuzzification, the translation takes place from a clear value of a certain 

parameter to a fuzzy value of a certain linguistic variable. To make this transition, you need 

to select the membership function, which sets a specific linguistic variable that indicates the 

degree (or level) of an element's membership in the fuzzy set. For a continuous linguistic 

variable, a universal Gaussian-type membership function is usually used 

MF(�) = exp �− ����
� 	
�                                         (1)

where c – is the center of the fuzzy set; σ – parameter that determines the steepness of 

the function. 
The purpose of fuzzy inference is to define the output variable as a fuzzy set using a 

given database of rules. In the fuzzy inference block, the most commonly used mechanisms 

are Mamdani and Sugeno. In this paper, the Mamdani mechanism was used in the fuzzy in-

ference block. 
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The main purpose of defuzzification – the reduction of the values of a linguistic variable 

back to the crisp number. For this purpose, various methods are used: by the average center,

by the sum of centers, the method of the center of gravity, and the maximum of the member-

ship function. Most often, as a more simple method is used to defuzzification by the average 

center.  
A number of software packages are used to solve fuzzy modeling problems, including the 

MATLAB environment [10], [11]. The fuzzy Logic Toolbox extension is used for the fuzzy 

modeling process in MATLAB. This extension uses the interactive mode of graphical editing 

and visualization tools for all components of fuzzy output systems. 

2 Modeling the composition of the food basket depending on the 
area of farmland
To implement the fuzzy inference method, data from the source [7] was used as a model 

example. Data on the composition of the food basket and the area of farmland per capita are 

presented in table.1. 

Table 1. Interval values of terms of sets of linguistic variables

Indicators Bad Average Good

Agricultural land area per 
capita, ha

[0 - 0,8] [0,2 - 1,8] [1,2 - 2]

Food products of the con-
sumer basket

Grain, kg [25,9 - 27,5] [26,31 - 29,59] [28,36 - 31,64]

Potatoes, kg [34 - 106] [79 - 151] [124 - 196]

Vegetables, kg г [34 - 106] [79 - 151] [124 - 196]

Melons, kg [45 - 105] [82,5 - 142,5] [120 - 180]

Fruit, kg [40,58 - 68,82] [58,23 - 86,47] [75,88 - 104,1]

Meat:

Cattle, kg [1 - 5] [3,5 - 7,5] [6 - 10]

Small cattle, kg [0,9 - 1,9] [0,85 - 3,65] [2,6 - 5,4]

Pork, kg [4 -16] [11,5 - 23,5] [19 - 31]

Birds, kg [8 -32] [23 - 47] [38 - 62]

Milk, l [26 -46] [19 -91] [64 - 136]

Egg, PCs [260 -460] [190 - 910] [640 - 1360]

Input variables are food basket products: grain, potatoes, vegetables, melons, fruits, bo-

vine meat( cattle), small cattle meat (Mrs), pork, poultry, milk, and egg. The output variable 

is the minimum area of agricultural land per capita for estimates of the levels: bad, average, 

good. The graph of membership functions for each term from the base term set on the exam-

ple of potatoes is shown in Fig. 2
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Fig. 2. Graph of term membership functions for the linguistic variable-potato

The membership functions of the input variables (food products) and the output defuzz-

ification estimate – the area of agricultural land obtained from the MATLAB software pack-

age are shown in fig. 3. 

Fig. 3. The membership functions of the input variables (food items) and output ratings (the area of 
agricultural land)

In Fig. 3 presents a graphical tool that allows you to determine the area of farmland per capita 

in interactive mode, depending on the composition of the food basket. Table 2 shows an 

example of the dependence of farmland per capita on the value of the food basket from the 

intervals of the initial data in table 1.

Table 2. Dependence of farmland per capita on the size of the food basket

Food products of the food basket

Grain, kg 28,5

Potatoes, kg 69

Vegetables, kg 50

Melons, kg 49

Fruit, kg 35

Meat
Cattle, kg 3

Small cattle, kg 1,3

Pork, kg 8

Birds, kg 20

Milk, l 30

Egg, PCs 300

Agricultural land area per capita, ha 0,7

The dependences of the output variable-the area of agricultural land on individual input 

data are shown in Fig. 4
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a) 

c) 

b) 

d)

Fig. 4. Dependence of the area of agricultural land per capita on the paired number of products in the 
food basket: a-cattle and grain; b-milk and fruit; с-poultry and vegetables; d-pork and potatoes  

The inverse problem determines the dependence of the food basket on the area of agri-

cultural land per capita. The input variable is the area of agricultural land per capita, and the 

output variables are the products of the food basket in table 1. 
The membership functions of input variables, as well as the defasification of output esti-

mates, are shown in fig. 5. 

Fig. 5. The membership functions of input variables (area of farmland) and output ratings (food basket) 

In Fig. 5 presents a graphical tool that allows you to interactively determine the compo-

sition of the food basket depending on the area of farmland per capita.  
The dependences of individual output variables on the input variable-farmland area are 

shown in Fig. 6.
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a) 
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b) 

d)

Fig. 6. The dependence of the amount of products in the food basket on the area of agricultural land per 
capita: a-grain; b-milk; C-cattle meat; d-poultry meat.

3 Conclusion
Using the fuzzy logic apparatus and the MATLAB software package, you can interactively 

determine the area of farmland per capita depending on the composition of the food basket, 

as well as solve the inverse problem. This method shows the prospects of using fuzzy mod-
eling to solve the problems of expanding the production of agricultural products by attracting 

additional land at a minimum level.
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