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Abstract: in this paper, the possibility of using the Mamdani algorithm in automatic control systems is
presented, an example of the application of this algorithm is considered and calculations are performed using
the program MATLAB R2014b. A comparative analysis of two developed automatic control systems with
different selection of rules and different membership functions is carried out. The analysis found that the use of a
large number of rules contributes to the sensitivity of the system. A great contribution to the accuracy of the
system renders the correct choice of the membership function.
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OILIEHKA ITPABHJIBHOCTHY BBIEOPA ITIPABUJI HEYETKOM JIOTUKHU U
®YHKIIAN MPUHAJIEXKHOCTH B ABTOMATUYECKUX CUCTEMAX
YIIPABJIEHUSA
I'pudun M.A. (Poccuiickasa ®enepanms)

T'pubun Maxcum Anamonvesuy — cmyoenm,
Kagpedpa paouomexHuueckux u MeouKo-ouoI0euiecKux cucmem,
Togonoarcckuil 2ocyoapcmeenHblil mexHonocudeckull ynueepcumem, 2. Howkap-Ona

Annomayusn: 6 0annoll pabome nPeocmasiena 603MONHCHOCMb NpUMeHenus: arzopumma Mamoanu 6 cucmemax
ABMOMAMUYECKO20 YNPABIEHUS, PACCMOMPEH NPUMep NPUMEHeHUsl OAHHO20 AN2OPUMMA U 8bINOJIHEHbL PACUenbl
¢ ucnonvsosaruem npoepammvl MATLAB R2014b. Ilposeden cpasHumenvhublil aHaiu3 08yX paspadOmMaHHbIX
cucmem  A8MOMAMUYECKO20 YNPAGIEHUs C PA3IUYHLIM NOOOOPOM NpaABuUl U PA3HLIMU  DYHKYUAMU
npunaonedxdcHocmu. B xode amanuza ycmanoeneno, umo npumenenue OOAbUWO020 KOAUYeCmea Npasuil
cnocobcmeyem nosvbluleHUIo YyecmeumenvHocmy cucmemsl. bonvuwioe enuAnue Ha MOYHOCMb CUCHEMbL
OKa3b18AEM NPABUTLHYLL 86100P PYHKYULU NPUHAONEHCHOCHIU.

Knioueswie cnosa: neuemxas nozuxa, arcopumm Mamoanu, cucmemvl agmomMamuyecko2o ynpasieHus.

It is known that modern industry never stands still, it is constantly being improved and requires the
application of new methods in the development of automatic control systems (ACS). The structure of the
management object becomes more complicated with the years, the set of functions performed increases, and as a
result, there is an increase in the uncertainty factors that must be taken into account in the design. At the same
time, improving the quality of management should take place with minimal costs for the creation and operation
of the systems being developed. The application of the Mamdani algorithm in automatic control systems makes
it possible, with a relatively low level of spent resources, to manage objects in conditions of uncertainty [1].

Let us consider an example of the application of the Mamdani algorithm in the homing system. To do this,
we assume that a missile with a homing system moves from point A to point B and encounters various obstacles
along the route. To determine the direction of motion, three sensors are used: in the bow, on the left and right
side of the rocket. Calculations will be performed in the program MATLAB R2014b.

The system contains three input blocks (1, 2 and 3 sensors), and one output block (solution). We define the
membership functions for each of the blocks. The input block data definition area for simplicity of calculations is
assumed to be from 0 to 10. This means that the data received from the sensors will produce a value close to 0 in
the absence of an obstacle and a value close to 10 if an obstacle is detected.

For the first sensor, the S-shaped accessory function is used, for 2 and 3 sensors, a trapezoidal shape is used.
The first membership function is capable of taking more values in the range from 0 to 1. The sensor located in
the nose serves for the primary detection of the obstruction.

For the output block "solution™ triangular membership functions are used.

After defining the membership functions, it is necessary to compose rules for the execution of the algorithm.
In real conditions, more rules are given, but for a general understanding of the process we use the 6 rules, which
are depicted in Figure 1.



_If {1-if iz OnacHocTk) and (2 is Huskwit) and (3-if i= Becokwi) then (Pewenue is llego) (1)

If {(1- is OnachocTs) and (2-i is Buicokwi) and (3-a is Huskui) then (Pewetne is Mpaso) (1)

. If {(1-# is HeT_onacHocTu) then (Pewedne is Mpamo) (1)

_If (1-it is BosmosHa_onacHocTs) and (2-i is Huakwit) and (3-i1 is Husewit) then (Pewedwe is Npaso) (1)

. If {1-ii is Boamomua_onacHocTe) and (2-i is Huarwi) and (3-0 is Boicokuit) then (Pewexwe is Neso) (1)
. If {1-i1 is Bosmomua_onacHocTe) and (2-# is Boicokmi) and (3-1 is Huskwit) then (Pewenwe is Npaso) (1)
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Fig. 1. Rules for the execution of the algorithm

The results of the calculations are shown in Figures 4-7. Note that for the output block "decision”, a scale
from 0 to 30 is used. We take the output value from 0 to 10, as the decision to fly to the left, from 10 to 20 -
straight, from 20 to 30 - To the right.
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Fig. 2. Obstruction right and right Fig. 3. Obstruction right and left
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Fig. 4. Obstruction left and right Fig. 5. Possible obstacle right and right

Figure 2 shows a situation where the obstacle is directly at the path and to the right of the path, so the system
decides to turn to the left.

Figure 3 shows the situation where the obstacle is directly at the path and to the left of the path, so the system
decides to turn to the right.

Figure 4 shows the situation where the obstacle is on the right and left of the path, so the system decides to
fly straight.

Figure 5 shows a situation where a possible obstacle is directly at the path and to the right of the path, so the
system decides to turn to the left. However, since the obstacle is not explicit, then the decision is made to fly to
one side or another with some probability.

Analyzing the obtained data, it can be concluded that the application of this algorithm will allow the system
to make independent decisions with great accuracy.

In real conditions, to achieve greater accuracy, it is necessary to specify more rules, use more sensors and
perform calculations on real data.

We use the S-shaped accessory function for the second and third sensor, as for the first one. As mentioned,
this function is able to take a greater number of values in the range from 0 to 1. Also, for example, we will
increase the number of rules. Since the model is not real, but only demonstrates the possibility of applying this
algorithm, ten rules with three used sensors will suffice.

Suppose that the probability of finding the obstacle right and left is 0.2. The probability of finding the
obstacle on the right is 0.7. In this case, the system decides to move directly.
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Fig. 6. Possible obstacle right and left, obstacle on the right

Let's change the probability of finding an obstacle right up to 0.21. The remaining parameters remain the
same. The system decides to fly to the left. In other words, with a slight change in the input parameters, the
system changes its output values.
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Fig. 7. Possible obstacle right and left, obstacle on the right

Substitute the probability data in the original program with fewer rules and other membership functions. We
observe that under initial conditions the system decides to move directly with a sufficiently high probability.
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Fig. 8. Possible obstacle right and left, obstacle on the right

With increasing probability of finding an obstacle directly and the same other parameters, the system changes
its decision only with a significant increase in the first parameter.
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Fig. 9. Possible obstacle right and left, obstacle on the right

This indicates a low sensitivity of the system. Thus, we can conclude that an increase in the number of rules
and the correct choice of the membership function do affect the quality of the decisions made. Using high-
quality measuring equipment will increase the accuracy of the decision, which will also affect the correctness of
the decisions made.

The modern element base and computer systems allow to receive and process data in real time with a delay
tending to zero. All this in aggregate will allow creating a high-precision automatic control system.
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