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Abstract. The article considers various types of statements used in the
linguistic description of input factors and regulated parameters of a
combine harvester when solving the problem of its technological
adjustment. The linguistic description of the environmental conditions, the
regulated parameters of the combine and the characteristics of the quality
of harvesting operations is presented. The technique of modeling fuzzy
statements for the formalization of knowledge in an expert system
designed to inform the operator of the combine when choosing the values
of adjustable parameters corresponding to the operating conditions of the
combine is presented. The technique is illustrated by an example of fuzzy
inference.

Decision-making is traditionally attributed to one of the most important types of human
activity, and in the operator-combine system, the task of determining the values of the
regulated parameters of the combine is complicated by a large amount of information
linking factors of external conditions, characteristics of the quality of harvesting and
parameters. Moreover, a significant part of the data is evaluative in nature and has a
different degree of reliability, which depends on the qualifications of experts and the
experience of the operator. The subject area under consideration is characterized by
complex relationships describing the relationship between the parameters of the quality of
harvesting (the values of which should not exceed the permissible ones), the regulated
parameters of the working bodies of the combine and environmental factors. In addition, it
is necessary to take into account the operating conditions of the combine, which can be
described as working under conditions of uncertainty (fuzzy information about input and
output parameters). These features are the main reason for the low efficiency of the existing
models (largely regression models) of the functioning of the combine. As a consequence,
the main tasks of managing the harvesting process, which also include the task of
technological adjustment of the combine, involve the use of a mathematical apparatus of
fuzzy logic [1], capable of modeling human reasoning and using human decision-making
techniques. Currently, fuzzy logic is used in the creation of intelligent systems that solve
the problems of managing technical, social and economic systems in conditions of
uncertainty, fuzzy and incomplete information; they are used for image processing and
analysis, etc. [2, 3]. In recent decades, research interest in the study and application of
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fuzzy models in various fields of agriculture has increased [4-6]. The ability to use fuzzy
logic to display the uncertainty and inaccuracy of information, to provide an objective
assessment of this information and use it to deduce solutions has determined the widespread
use of fuzzy modeling to solve various problems of agriculture. This includes crop yield
assessment, weed species identification, determination of soil parameters, the effectiveness
of fertilizer application, and many others [7-9]. Fuzzy logic is also successfully used in
intelligent systems for technological tuning of a combine harvester of the classical type [10
-12]. The expediency of using a fuzzy approach to this and similar management tasks is due
to the following circumstances. The lack of sufficient amount of information for traditional
modeling methods forces us to turn to fuzzy expert knowledge. If it is impossible to find a
solution using traditional formalisms, the expert nevertheless finds a solution based on the
acquired experience, empirical and statistical data. This allows us to formulate a set of
fuzzy rules that actually mimic his reasoning and can be used as the basis for an intelligent
operator support system. The formulated fuzzy verbal concepts make it possible to
formalize qualitative descriptions, take into account the uncertainty and incompleteness of
information and as a result obtain a model that adequately describes the interrelationships
of the subject area under study.

To model the decision-making process, we will consider many external factors and one
output parameter, the choice of the value of which is due to the influence of external
factors. Obviously, the technological adjustment of the combine is carried out by adjusting
a whole set of parameters. In general, the decision-making process can be described as a
process with many inputs and outputs. The relationships between outputs and inputs are
mostly presented in the form of heuristic (not formalized expert) knowledge. Thus, it is
advisable to formalize this knowledge in the form of statements of various types, in the
format of fuzzy variables that provide a transition from verbal descriptions to numerical
ones. Numerical representation of difficult-to-formalize relations between factors is
achieved using fuzzy sets and fuzzy relations. The use of the mathematical apparatus of
fuzzy logic to formalize the processes of solving the problems of tuning and adjusting the
adjustments of the combine is complicated by the identification of expert knowledge, which
is not an easy task. The effective solution of the above tasks is directly related to the
development and use in practical cleaning conditions of intelligent systems serving as an
adviser to the operator [2, 3]. Such systems rely on a base of expert knowledge, on the
adequacy of which the conclusion of the solution significantly depends on the real
conditions. This makes the problem of presenting knowledge one of the central ones. This
article is devoted to the problem of presenting expert knowledge in an intelligent system
designed for technological adjustment of a combine harvester.

Identification of the subject area of this task includes the definition and linguistic
description of a variety of environmental factors, a variety of adjustable parameters of the
working bodies of the combine and a variety of characteristics of the quality of harvesting.
Based on this research, a system of linguistic variables is formed. In Table 1, several
variables are selected for each of these sets and their linguistic descriptions are presented
[13].

The next stage is the formalization of knowledge, at which the input and output fuzzy
relationships should be formulated in the form of fuzzy expert statements. Statements of the
form [14,15] are relevant for this task:

< p there is a. > (1)
< p there is mo. > < there isQq > 2)
< B, there is a,, and there is oy, > 3)
<Py there is ayj; and P, thereis ayj; and...and B, there is a,j; > (4)
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Table 1. Linguistic variables of the task of technological adjustment of the combine

Groups of factors and parameters Linguistic description

<Yield, c/ha >;
< Grain moisture content, % >;

< Grain to straw ratio, %>
< Blockage, % >

< Combine speed, km/h >;

< Rotation speed of the threshing drum, min ' >;
< Rotation speed of the reel, min ' >
< Cut height, mm >
<Loss of free grain in straw, %>;
< Grain crushing, % >
< Grain contamination in the hopper, % >
<Losses by puny grain, %>

Environmental factors

Adjustable combine parameters

Quality indicators

Let us characterize each of the types of statements in relation to the problem under
consideration. Consider a statement of type (1):

< Bisa>,

here [ is the name of a linguistic variable describing an external factor, a characteristic
of the quality of the combine or its adjustable parameter, the fuzzy evaluation (fuzzy
variable) of which is the statement a.

Here are examples of statements of this type. For the factors determining the conditions
of harvesting, these may be statements <wet stem>, <dry grain>, etc. An example of a
statement about adjustable parameters may be the following: <the speed of the combine is 5
km/ h>. In this statement, the value of 5 km/h is a clear assessment of the linguistic variable
B: <speed of movement of the combine>. For indicators of the quality of work, there are
statements: <increased grain crushing> or <grain clogging in the hopper 2.7%>.

In a fuzzy statement of type (2), a is a fuzzy subset on the universe U, which is the set
of values of the variable p. Statement (2) induces the distribution of possibilities wg equal a,
that is g = o.. If ueU and p, : U — [0; 1] — the membership function o, then the degree of
confidence that B = u, set as [14]:

poss{ﬂ=u|ﬂis a} =u,(u)uelU,

where poss {B = u} — the notation of the statement is <the possibility that p can take the
values u>. The measure of this possibility of a fuzzy set A is defined as [14]:

ﬂ'(A)ipOSS{ﬂ is A}isup(,ua () A g, (w)).

The modification rule translates the statement <f is o> into an expression of the
assignment of a possibility m@i, ..., gny = 0, and the broadcast of the modified utterance < is
mo> set by the expression:

: _ p+
aisma = 7wy 4, = g,

where m — modifier, such as "VERY", "APPROXIMATELY", "MORE OR LESS",
"INSIGNIFICANT", etc.; B* - modification of B by means of the m modifier. An example
is the statement: "The grain is very dry".

Grain <very dry>—> 1 Grain= (<arid >)2.

https://doi.org/10.1051/e3sconf/202339801002
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In statements of the form <p there is Qo> Q — a quantifier that corresponds to words
like: "MOST", "A LOT", "A LITTLE", "LITTLE", "VERY LITTLE", etc. An example of
such a statement: <most of the quality characteristics are higher than acceptable>.

An example of statements of the type (3) can be statements that can be used to form so-
called generalized statements or the antecedent of the core of the product, for example,
"bread — low-crust" and sparse".

An example of statement (4) can be rules containing the operations of composition:
"AND", "OR", "IF, ..., THEN", etc.

For our task of pre-setting the parameters of the combine, we can write [16]:
"IF the crop is rye, and the yield is about 20 c / ha, and the straw content is low, and the
clogging is low, THEN the speed of the combine is lower than nominal";

"IF the crop is wheat, AND the yield is more than 40 c / ha, AND the straw content is
low, AND the clogging is high, AND the grain is wet, AND the rotation frequency of the
threshing drum is increased,” THEN the grain crushing is "high."

In theory, there are different groups of rules: for truth estimates; for probability
estimates; for possibility estimates. In this task, only the rules for truth estimates are
applied. Let Bx and By be linguistic variables defined on sets X and Y, and their values are
aX1 and oY1 with corresponding fuzzy sets [14]:

Cy = {< My (X)/ x >} uCy = {< e (V)] y >}.
Consider the question of evaluating the truth of statements of the following type:
< By there is a,, and there is ., >;
< B, thereis a,, and there isa ., >;
< By thereis a,, and S, there is o, >;
< By thereis a,, or B, thereis o, >;
<tckbf, tenme,,, so B, tenm o, >;

<tckbf, tecnm «,,, that S, there is ¢, otherwise «r,, >.

Such statements with the help of transformation rules lead to the form < is o> under
the assumption that there is no interaction of variables. In accordance with the rule of
transformation of the conjunctive form , the expression is valid [14]:

>

>
< By ectb ay, or By is ay, >><(By, By )is ayNay,,
. . . © © . . .
where is the symbol — a wildcard. Expression a, N, there are values of a linguistic

variable (Bx1, Py1) with a fuzzy set C, =C,,NC,,. C,, uC, — cylindrical continuations

of fuzzy sets Cx and Cy, defined as fuzzy sets of the following form:

Cyi =<ty (x, )/ xp Cy ={<py,(x,¥)/ y},
where (x,y) € X XY, and

(Vx € X)Wy V) [ty (6 9) = oy (X): 11y, (5, 1) = 1y, (9)].

To illustrate the process of modeling statements, let's consider one of the rules of fuzzy
production, obtained on the basis of heuristics:

«If the grain moisture is high, the drum rotation frequency increases»
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Linguistic variables Grain moisture Bx and the rotation frequency of the threshing drum
By defined on sets:

X = {16; 18; 20; 22}; Y = {740; 760; 780; 800},
and fuzzy sets Cy, and Cy,, with corresponding values 0, and O, , presented in the

form of:
c _{0,2_0,5.0,9_1} _{0,1.0,4.0,9_ 1} )
X1 16’187 20" 22)> "Y1 7 1740’ 760’ 780" 800J°
Graphs of the membership functions of the considered LP are shown in Fig. 1.
FP 100 —
p— FP 100 P———
0.80 0,80 <
0.60 o 0.60
0.40 040 v
20 b=
0,20 0.20
-
- I8 20 0.00 ‘ ‘
) ) 740 760 780 800
Grain moisture, % PMMB, rpm
a) b)

Fig 1. Functions of the FP accessory a) Grain moisture; b) The frequency of rotation of the
threshing drum (PMMB)

Cylindrical transformations for sets (5) have the form:

‘C_X{={< 02 o, 92 5. 02 o 02 o 05 o 05 o 05 .o
16,740 16,760 16,780 16,800 18,740 18,760 18,780
05
18,800 ~ ’
<O'9 > < 0.9 > < 0.9 > < 0.9 > < 1 > < 1 > < 1
20,740~ " 20,760 ~° " 20,780 ~’ " 20,800 "’ 22,740 " " 22,760 ' " 22,780
> < >t
22,800 }
Z—'—{< 0.1 >; < 0.1 > < 0.1 > < 0.1 > < 04 > < 0'4>
Yi— 16,740’ ~ 18,740~ ' " 20,740 "’ " 22,740 ' " 16,760~ 18,760 "’
0,4 0,4

<20760 ' < 22760

0,9 0,9 0,9 0,9 1 1 1
; ; ; ; >; < >; <
16,780 18,780 20,780 22,780 16,800 18,800 20,800

’

< >}.
22,800

In accordance with the rules of transformation of statements of the implicative form ,
we will write this statement in the form:
<(Bx, Bv) is axiOay;>,
where is the sign ¢ - the threshold amount, defined as follows:
uo(x,y) = 1&(1 - ,uo&»l(x, y) + ,ua?l(x, y)), VxeXVyeY.
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Let 's define the membership function po on the set X;-Y:
u0(16,740) = 1&(1—-0,2+0,1) =0,9;  u0(18,740) = 1&(1 - 0,5+ 0,1) = 0,6;

©0(20,740) = 1&(1 — 0,9 + 0,1) = 0,2;  u0(22,740) = 1&(1 — 1,0 + 0,1) = 0,1;
10(16,760) = 1&(1 — 0,2 + 0,4) = 1,0;  u0(18,760) = 1&(1 — 0,5 + 0,4) = 0,9;
10(20,760) = 1&(1 — 0,9 + 0,4) = 0,5;  u0(22,760) = 1&(1 — 1,0 + 0,4) = 0,4;
10(16,780) = 1&(1 — 0,2 + 0,9) = 1,0;  u0(18,780) = 1&(1 — 0,5 + 0,9) = 1,0;
10(20,780) = 1&(1 — 0,9 + 0,9) = 1,0;  u0(22,780) = 1&(1 — 1,0 + 0,9) = 0,9;
10(16,800) = 1&(1 — 0,2+ 1,0) = 0,9;  u0(18,800) = 1&(1 — 0,5 + 1,0) = 0,6;
£10(20,800) = 1&(1 — 0,9+ 1,0) = 0,2;  u0(22,800) = 1&(1 — 1,0 + 1,0) = 1,0.

The result is a fuzzy variable o,,0a,, characterized by a fuzzy set:

CO = {< 0.9 >, < 06 >, < 0,2 >, < 0.1 >
B 16,740 =’ 18,740~ 20,740 "’ " 22,740 "’
< L0 >, < 09 >, < 05 >, < 04 >

16,760 =’ " 18,760 "’ ~ 20,760 =’ " 22,760 "’
< 1,0 S < 1,0 S < 1,0 S < 0,9 S
16,780 ~’ " 18,780 "’ 20,780’ 22,780 "’
0,9 0,6 0,2 1,0 >}
16,800 =’ 18,800 ' " 20,800 =’ " 22,800

Similarly, fuzzy statements that make up the base of fuzzy production rules for the task
of adjusting the parameters of the combine are transformed.

It is advisable to form the knowledge base of an intelligent information system on the
basis of fuzzy expert knowledge. At the same time, the knowledge base should include the
basic values of groups of linguistic variables of external factors, regulated parameters and
quality characteristics, as well as systems of fuzzy expert statements reflecting the
relationships between the listed groups. The proposed method of formalization of fuzzy
statements performs the function of modeling fuzzy knowledge, which makes it possible to
further apply the expressions obtained for membership functions in the fuzzy inference
mechanism based on the "modus ponens" rule, in which the degree of truth of the statement
in question takes the maximum value.

References

1. Zadeh, L. Knowledge representation in fuzzy logic / An Introduction to Fuzzy Logic
Applications in Intelligent Systems, The Springer International Series in Engineering
and Computer Science. New York: Springer, 1992. vol. 165. P. 1 -27.

2. Averkin A. N. Nechetkie mnojestva v modelyah upravleniya i iskusstvennogo
intellekta (Fuzzy sets in the models of management and artificial intelligence). Book
on demand, Moscow. 2021. 312 p. (in Russ.)

3. Piegat, A.: Nechetkoe modelirovanie i upravlenie (Fuzzy modeling and control).
Translate from English. BINOM. Laboratoriya znanijMoscow. 2013; 798 p. (in
Russ.)

4. Dubey, S., Pandey, R.K., Gautam, S.S.: Literature review on fuzzy expert system in
agriculture. International Journal of Soft Computing and Engineering (IJSCE) Vol.
2(6), pp- 289-291, 2013.



E3S Web of Conferences 398, 01002 (2023) https://doi.org/10.1051/e3sconf/202339801002
ABR 2023

5. Papageorgious, E.I., Kokkinos K, Dikopoulou Z. Fuzzy Sets in Agriculture. In:
Kahraman, C., Kaymak, U., Yazici, A. (eds) Fuzzy Logic in Its 50th Year. Studies in
Fuzziness and Soft Computing, vol 341, pp. 211-233, 2016. Springer, Cham.
https://doi.org/10.1007/978-3-319-31093-0_10

6. Parfenova, V.E., Bulgakova G.G., Amagaeva Yu.V., Evdokimov K.V. Fuzzy
modelling for tasks of management of the agricultural-industrial complex. Quality
Management and Reliability of Technical Systems IOP Conf. Series: Materials
Science and Engineering 666 (2019) 012067 IOP Publishing doi:10.1088/1757-
899X/666/1/012067.

7. Sujaritha M., Annadura S., Satheeshkuma J., Sharan S.K., Mahesh L. Weed detecting
robot in sugarcane fields using fuzzy real time classifier.// Computers and Electronics
in Agriculture. 2017; 134: 160-171.

8. Turan L.D., Dengiz O., Ozkan B. Spatial assessment and mapping of soil quality index
for desertification in the semi-arid terrestrial ecosystem using MCDM in interval type-
2 fuzzy environment. / Computers and Electronics in Agriculture. 2019. Vol. 164,
104933. DOI: 10.1016/j.compag.2019.104933

9. Prabakaran G., Vaithiyathan D., Ganesan M. Fuzzy decision support system for
improving the crop productivity and efficient use of fertilizers. / Computers and
Electronics in  Agriculture.  2018. Vol. 150, p. 889. DOI
10.1016/j.compag/2018.03.030

10. Omid M., Lashgar M., Mobli H., Alimardani R., Mohtasebi S., Hesamifard R. Design
of fuzzy logic control system incorporating human expert knowledge for combine
harvester// Expert Systems with Applications. 2010; 37: 7080—7085.

11. Craessaerts G., De Baerdemacker J., Missotten B., Saeys W. Fuzzy control of the
cleaning process on a combine harvester// Biosystems Engineering. 2010; 106: 103—
111.

12. Borisova L., Dimitrov V., Nurutdinova I. Intelligent System for Technological
Adjustment of the Harvesting Machines Parameters // Advances in Intelligent Systems
and Computing. 2018; 680: 96-105.

13. Borisova L.V., Dimitrov V.P., Tugengol’d A.K., Nurutdinova I.N. A technological
adjustment of the agricultural machines based on fuzzy logic. // Vestnik mordovskogo
universiteta = Mordovia university bulletin. 2018; 28-2: 239-254. Available at:

14. Processing of fuzzy information in decision-making systems / A.N. Borisov, A.V.
Alekseev, G.V. Merkuriev and others - M .: Radio and communication, 1989. - 394 p.

15. Malyshev N.G., Bernstein L.S., Bozhenyuk A.V. Fuzzy models for expert systems in
CAD. Enegoatomizdat, Moscow. 1991. 136 p.

16. Borisova L.V., Nurutdinova LN., Dimitrov V. P.: Fuzzy Logic Inference of
Technological Parameters of the Combine-Harvester. WSEAS TRANSACTION on
SYSTEMS. 2015. Vol. 14. P. 278-285.




