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Abstract. The task of technological adjustment of the working bodies of a
rotary combine harvester is not trivial. The complexity of the task is due to
the need to take into account a large number of signs (environmental fac-
tors and parameters of the technical condition of the machine), and the lev-
el of uncertainty of the values of these signs is quite high. Therefore, when
searching for optimal values of the regulated parameters of the combine
harvester, ensuring that the values of the work quality indicators do not ex-
ceed the permissible ones, it is advisable to use an intelligent information
system. The use of this system will allow using various methods and algo-
rithms for finding the desired solutions. In the conditions of uncertainty
characteristic of the problem under consideration of adjusting the adjusta-
ble parameters of the machine, it is advisable to use a game-theoretic ap-
proach when creating an intelligent system for setting up a combine har-
vester. This approach will provide variability of methods for choosing the
optimal strategy for finding a rational solution.Based on the analysis of the
subject area, the concepts of performance indicator matrices and the risk of
making an ineffective decision are introduced. The choice of a strategy for
finding the reason for the deviation of the harvester's performance indicator
is considered based on three criteria: Laplace, mathematical expectation
and Savage, widely used in decision-making tasks in the so-called "games
with nature".An example of choosing a strategy for finding the cause of a
violation of the technological process of grain harvesting and an adequate
response to eliminate it is given. The analysis of the calculation results is
carried out, the conditions and scope of the proposed approach are present-
ed.

The efficiency of using combine harvesters, and therefore the efficiency of harvesting oper-
ations, depends on the successful solution of the problem of managing the technological
process of harvesting. [1, 2].

The influence of external factors on the quality indicators of the combine, their signifi-
cant variability, necessitate the search for optimal strategies for solving the problem of ad-
justing the technological adjustments of the combine. Its solution is complicated by a suffi-
ciently high level of uncertainty of the task features and a significant number of qualitative
(not numerical) indicators.

The successful solution of the problem of technological adjustment of the combine with
the use of intelligent decision support systems depends on the level of adequacy of the for-
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mal (mathematical) model of this process. To date, there is no methodology for a formal
logical description of the subject area (for a rotary combine).

As a result of previous studies, various models have been obtained, in particular regres-
sion models, which give a certain idea of the relationship "external factors - regulated pa-
rameters - performance indicators for drum (classical) type combines [3-6]. However, the
general disadvantage of these models is that they take into account only quantitative fac-
tors, have a limited scope due to the small limits of variability of the arguments of the mod-
el, I do not take into account the fuzziness of the input information. Because of this, regres-
sion models are not widely used and are currently not actually used, including due to the
complexity of their use in real time in the field. Obviously, the use of such an approach for
rotary combines is also irrelevant. In this regard, the task arises of finding new methods for
finding optimal strategies for technological adjustment of a rotary combine.

In the modern market of grain harvesting equipment, high-performance combine har-
vesters with an axial-rotor threshing and separating device (ARMSU) are becoming in-
creasingly widespread [1]. However, unlike combine harvesters with a classical threshing
scheme, optimal control of a rotary combine is difficult due to the low knowledge of the
dependencies of the combine's performance indicators on external factors, which, due to the
large variability, can lead to violations of the harvesting process and, as a result, the ap-
pearance of significant product losses. When detecting changes in the values of the cleaning
factors (for example, the moisture content of the grain stand, flatness, clogging, etc.), it is
necessary to adjust the values of the regulated parameters of the machine, that is, to solve
the multifactorial problem of decision-making. The solution of this problem is complicated
by the presence of uncertainty in determining the specific values of factors and parameters
of the machine.

The analysis of expert opinions of practitioners, as well as their own experience of har-
vesting grain crops using a rotary combine harvester, allowed us to formulate a set of exter-
nal signs of possible violations of the technological process [16] (Fig. 1).
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Fig. 1. Possible violations of the technological process

The effective solution of the problem of technological adjustment of the working bodies
of the rotary combine is largely difficult due to the presence of the following facts:

* the presence of several deviations of work quality indicators (violations) from ac-
ceptable values;

« the possibility of the existence of several reasons for the occurrence of a violation;

* the possibility of using various options to eliminate the violation;
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Table 1. Main parameters of ARMSU

« the possibility of an additional violation when eliminating the originally identified vio-
lation;

* * lack of reliable information about the possible cause of the violation.

Identification of the subject area made it possible to establish the main parameters of the
ARMSU (Table. 1) and their relationship with the external signs of the violation (Fig. 2).

External feature numbers

Fig. 2. Relationship "violations - parameters"

Ne Name of parameters Conditional
designation
1 he angle of attack of the turns of the separating part of the 1
deck 1
2 | Rotor speed 1,
3 | The gap between the straw beater and the deck I,
4 | The speed of movement of the combine I,
5 | The state of the rotor turns I
6 | The state of the turns of the separating part of the deck I,
7 ghekgap between the whips of the rotor and the whips of the m,
ec
8 | Angle of attack of the turns of the threshing part of the deck Ig
9 | Condition of the rotor scourges I,
10 | The condition of the deck 's beeches I,
11 The condition of the turns of the threshing part of the deck My
12 | The condition of the deck support rollers I,
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15 The condition of the knives on the winding part of the rotor I
16 | Condition of the straw beater drive ;4
15
12
b= 12
=
2. 9
25 6
@ QU 6
e = 4
c § 3 -
g2 1
E 0 T T T ‘I|
“ 1 2 3 4 6

Figure 2 shows the numbers of external signs along the abscissa axis (see Fig. 1)

Rational use of mathematical methods of decision-making involves the creation of a
mathematical model of a real system. To model the process of adjusting technological ad-
justments at the initial stage of the analysis, we will set the following general assumptions.
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Assumption 1. At the same time, only one violation of the cleaning process may occur
in the analyzed system.

Assumption 2. For the studied technical system, the significance of the influence
(weight) of the combine parameters (regulated and technical condition) on the probability
of violations of the technological process (and, as a consequence, the appearance of an ex-
ternal sign of a violation) is often set.

The accepted approach. Consider a combine harvester that is in the process of working.
A signal is received either from an automatic control system or visual observation about the

deviation of the cleaning quality indicator from the permissible value. Denote g { B'}r -a
IHj=

lot of violations that could lead to this deviation. The set of actions that can affect the de-
tected deviation is denoted by = { A}"” we will call G the set of acceptable solutions or,
iJli=1?

as is customary in game theory, the set of strategies. Each of the strategies has a different
degree of influence on the detected violation of the quality indicator, the measure of this in-
fluence will be called the effectiveness of the strategy and we will introduce a numerical

indicator for it, varying from O to 1. Each such indicator ¢; (i= I,_m, j= l,_n.) will re-
flect the degree of effectiveness of the strategy A, to eliminate the violation B ;- Let's de-

note the matrix of performance indicators with. Let's turn to the paradigm of finding the op-
timal strategy using the criterion approach used in "games with nature" for decision-making
in conditions of uncertainty [7, 8]. In this case, the theory provides a number of criteria, the
choice of which is determined by the initial conditions. Let's look at the criteria, the appli-
cation of which is appropriate in this task.

In the absence of a knowledge base on the empirical frequencies of the causes causing
deviations in the quality indicators of harvesting, it is possible to accept the hypothesis of
an equally probable distribution, based on the principle of insufficient justification [8].

Then, according to the Laplace criterion [8], a solution is chosen A eG= {A }Zl , corre-

i

sponding to the strategy with maximum expected efficiency:
maxL(i):malec”‘ (1)
i i m = ?

This situation may be typical for an operator who does not have experience and the abil-
ity to rely on a base of expert knowledge. In modern conditions, there is often a database
ranked by the frequency of occurrence of the causes of the violation, it allows you to obtain

estimated probabilities. Taking them as a priori probabilities p ; ( J =1,m ) the presence
of reasons {B /.} , it is advisable to use a similarly constructed criterion of maximum math-

ematical expectation:
max M (i) = max Zc,./.p/. (2)
1 1 j:l -

You can use the Savage criterion [7], also called the minimum risk criterion. For its ap-

plication, a risk matrix R is constructed, the elements of which are r;; (i =1,m, j=1,n.)

reflect the risk of ineffective application of the strategy A to eliminate the violations B IE

If the reason for the violation B ; if it were known, then we would apply the strategy A
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with the maximum efficiency indicator, which corresponds to the maximum element f; in
the column with the number j. Elements of the risk matrix 7;; calculated by the formula:

=By 3)

Optimal according to the Savage criterion is a strategy with minimal risk in the worst
conditions:

min (i) = min max .
i i jo

The choice of one or another criterion depends on many factors. An essential role is
played by the presence of an expert knowledge base on the empirical probabilities of the
causes of typical violations of quality indicators. The basis for using the Savage criterion is
the high importance of risk in making a decision. The selection of the criterion is carried
out by the operator taking into account the specific situation.

Let us turn to the problem of adjusting the adjustable parameters of a rotary combine
and consider, by the example of a specific violation of the cleaning quality indicator, the
application of the above criteria for choosing the optimal strategy to eliminate the detected
deviation. One of the most common external signs of deviation of quality indicators during
harvesting of grain crops is the following "Increased losses of free grain behind the rotor"
(see Fig. 1). As a final step in solving the problem, an analysis of the relationship "causes —
possible strategies for eliminating violations" is necessary (Fig. 3).

Possibleaction strategies

Causesof the violation

A, — increasing the angle of attack of the separating part of the deck by
shifting them 1/3 of the adjustment groove:

A, —bringing the coils of the separating part of the deck into good condition:
Az —bringing the rotor turns into good condition;

B, — Small angle of attack of the turns of the Ag—aslight decrease in the rotor speed (by 30 min');

separating part of the deck; As— significant reduction of the rotor speed (more than 40 min'');

B, — Wear, damage or curvature of the tums of the Ag—slight decrease in the speed of the combine (by 0.2 km'h);

separating part of the deck: A7 — significant reduction in the speed of the combine (more than 0.3 km/h).
B;— Wear, damage or curvature of the turns on

the rotor;

B, —High rotor speed:
Bs —High speed of the combine movement

Fig. 3. Diagram of the relationship "causes — possible elimination strategies"

Based on empirical data and expert judgments, a matrix of performance indicator values
is obtained {C, | (table.2).

A characteristic feature of the subject area under consideration is the ignorance (a pri-
ori) of the exact values of the probability of the specific reason that caused the deviation of
the value of the quality indicator of the cleaning process from the permissible value. For
this case, consider the use of the Laplace criterion (1). Table 2 shows the calculated values
of the criterion for the strategies under consideration. It can be seen that as the optimal
strategy in this case, you can choose the strategy As (cM. puc. 3).

The next step is to use the Savage criterion. In this case, the optimal strategy is chosen
based on the risk analysis r of making an ineffective decision. The values of the criterion
are determined based on the risk matrix, the elements of which are determined by the for-
mula (3). The calculated values are presented in Table 3.
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Table 2. Matrix of performance indicator values

Z,
Ai B 5 2 3 5 Q) M)
032 0.1 0.15 0,28 0.25
1, 0.8 0.07 0.09 04 0.35 0378 05336
4, 0.1 0.18 0.07 0,08 0.05 0,096 00954
4, 0,08 0.08 0.18 0.1 0.05 0,008 0.1011
4, 02 0.05 0.07 008 0.6 038 0.5039
4 025 0.09 0.09 0.75 0.65 0,366 0475
A 0.3 0.1 0.08 06 0.95 0,406 0.3235
4 035 0.1 0.1 0.65 08 0.4 0,510
maxc, = f3, 0.98 0.18 0.18 098 0.95
i
Table 3. Risk matrix
B Imx;;-
41' o+ J
: J
B, B, B B, B

Ay 0 0.11 0,09 0,5 0,6 0.6

A, 0,88 0 0,11 0,82 0,9 0,9

Ay 0.9 0.1 0 0.8 0.9 0.9

Ay 0,78 0.13 0.11 0 0.35 0,78

As 0.73 0.09 0,09 0.15 0.3 0,73

Asg 0,68 0.08 0.1 0.3 0 0,68

A 0,63 0,08 0,08 0,25 0,15 0,63

From Table 3 we see that according to the Savage criterion, the optimal strategy will be
Al — increasing the angle of attack of the separating part of the deck by shifting them 1/3 of
the adjustment groove.

If there is empirical data on the relative frequencies of the causes of the deviation in ques-
tion, taking them as probabilities, we use the criterion of maximum mathematical expecta-
tion (2). Since the probability estimates are obtained empirically, their sum is not equal to
1, the probabilities are indicated in Table. 2 in cages B, (j=1,...,5), a criterion values

M(i), (i=1,...,10) presented in the rightmost column of the table. 2. According to this
criterion, the strategy turned out to be optimal, as in the case of applying the Savage criteri-
on A;.

Modern requirements for the quality of harvesting operations involve both the im-
provement of harvesting equipment designs and the introduction of intelligent automated
control systems [11-13], which use pre-technological adjustment procedures [14] and feed-
back procedures [15]. The presence of a feedback system is equally important, since it in-
cludes the detection of deviations in cleaning quality indicators and the adjustment of set-
tings to eliminate deviations. Adjustment of settings is an intelligent search for the optimal
strategy for solving a problem. This task is not trivial due to the complex system of interde-
pendencies between regulated parameters and indicators of harvesting quality, and its solu-
tion is largely based on expert judgments and empirical data and is contained in the block
of adjustment of the intelligent decision-making system for managing the combine.
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The proposed approach to finding the causes of deviations in the performance indicators
of the rotary combine and choosing a strategy for their elimination is based on the applica-
tion of various criteria to the knowledge base created on the basis of expert information and
empirical data. In the given example, the Laplace criterion, the mathematical expectation
criterion and the Savage criterion are used. In addition to the listed criteria, other synthetic
criteria can be used [16, 17], as well as other approaches to decision-making in conditions
of uncertainty [18-20]. It should be noted that the choice of the criterion is largely due to
the practical experience of the decision-maker. Despite the fact that such a criterion ap-
proach is poorly formalized, its use will allow to accumulate information about the effec-
tiveness of various strategies and expand the knowledge base. A significant advantage of
the proposed methodology for finding the optimal strategy in an intelligent information sys-
tem for decision support is that it does not require significant time and computational costs.
The application of this approach in the intelligent system adjustment block will allow you
to quickly choose the optimal strategy for responding to the detected deterioration in the
quality of harvesting, taking into account the cleaning conditions, the type of combine and
its technical condition.
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