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Anomauis. Po3pobreno cmpykmypHy cxemy eKCnepmuoi cucmemu 8 KOHMeKCcmi cucmemu agmomamu3o-
8AHO20 YNPAGNIHHA 01 CKAAOAHHSA BUKOHABYO20 NIAHY BUKOHAHHSA CIIbCbKO2OCNOOAPCyKUX podim 0.1 no-
JIsL, HA IKOMY 8UPOULYEMbCA NeBHA Kynbmypa. IIpoekmyeanns mooeni ekchepmuoi cucmemu npo8oOULOCs,
34 AN2OPUMMOM HEYIMK020 Nl02iuno20 susedents Mamoani ¢ naxemi Fuzzy Logic Toolbox obuucriosans-
Hoeo cepedosuwya MATLAB. Toxazano peanizayito MoOyist eKChepmHoi cucmemu Ha npukiadi ioenmugi-
Kayii cnpusimauux ymos Oisi GUKOHAHHSL HOCIBY YYKPOBUX OYDSIKI6.

Knrouoei chosa. neuimxa nocixa, niHegicmuina sMIiHHA, QYHKYISL HALEHCHOCME, eKCHEPMHA CUCEMA, GU-
KOHaeuuil naaw, azpogipma.

Anunomauusn. Pazpabomana cmpykmypHas cxema 9KCHePMHOU CUCHEMbL 8 KOHMEKCme CUCEMbL a8mo-
MAmu3upoOBaAHHO20 YNPAGIeHUs 015l COCMABLEHUS UCTIOTHUMENbHO20 NIAHA GbINOIHEHUS CEIbCKOXO03AUC-
BEHHbIX pabom OJis NOJisl, HA KOMOPOM 8030€1bl8aemcsi onpeoeneHHas Kyabmypa. [poexmuposanue mooe-
JU IKCNEPMHOU CUCEMbl NPOU3BOOUTOCH NO ANOPUMMY HEYEMKO020 102uyeckozo 8visooa Mamdanu @
naxeme Fuzzy Logic Toolbox sviuuciumenvnou cpeovt MATLAB. Toxazana peanuzayusi mooyus skcnep-
MHOU CUCmeMbl Ha npumepe udeHmudurkayuy O1a2oNPUSMHBIX YCI08Ul 018 BLINONHEHUs NOCe8a caxap-
HOU C8eKIIbl.

Knwuesvie cnosa. neuémras n02uxa, 1UHe6UCMUYECKA NEPEMEHHAS, PYHKYUS NPUHAOLEHCHOCTU, IKC-
nepmuas cucmema, UCNOJTHUMENbHYII NIAH, acpodupma.

Abstract. The structural scheme of the expert systemin the context of the automated control system for the
preparation of the executive plan of agricultural work for the field, that is cultivated a culture, has been
developed. Designing of the expert system model performed by the algorithm of fuzzy logical deduction of
the Mamdani in the packet Fuzzy Logic Toolbox of the computing environment MATLAB. The realization
of the module of the expert system on an example for identification of favorable conditions for sugar beet
seeding has been shown.

Keywords. a fuzzy logic, a linguistic variable, a membership function, an expert system, an executive plan,
an agrarian firm.

1. The problem statement

A development conception for the computer-aided agament system of an agricultural enter-
prise was proposed by authors in the work [1]. dsvghowed, that incompleteness factors and a
large amount of primary qualitative information sltbbe considered when algorithmization of
problems statements of a system.

The design principles of the functional subsystémplanning for automating management
of a crop cultivating agricultural enterprise an@wn in the work [2]. When planning the agricul-
tural work it is necessary to correlate the curaridition of the soil or crop with the terms, the
cost of the additional work and the extent of palesimprovement of the soil or crop condition.
Thus, it is necessary an expert participation deasion on an inclusion in the executive plan of
agricultural works.

The feature of a work planning is the relative namality to the runtime term. The fuz-
ziness in relation start time of work’s performarasel duration, which is comparable with the
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individual characteristics of fields and the timfeactechnic concentration in the work area, is al-
lowed [1]. Using an apparatus of a fuzzy logi¢ha development of a knowledge base and infe-
rence engines of an expert system allows to fomadhe procedure for evaluating the condition
of the field by fragmentary, unreliable and possibbaccurate information and to make decisions
about the need for work performance with deep asqim

Fuzzy expert systems allow not only to consideruheertainty, but also to simulate rea-
soning, that is difficult to implement in systems a traditional logic. Therefore, the main pur-
pose of the fuzzy logic application is a creatipparatus that is able to model human reasoning
based on the experts experience and to explaisideanaking methods [3].

In this connection it became necessary to consthectexpert system based on a fuzzy
logic. This system must allow to form an execuiian for the field on which the culture is cul-
tivated.

2. The development of the model of the expert system

The computer-aided management system of an agnauknterprise can be viewed as an adap-
tive fuzzy automatic control system relative to tidd as a control object. The system is
represented as a closed control system with fe&dlad live circuit the fuzzy controller is used
as a regulator. The fuzzy controller is an expgstesn with input signals that describe conditions
of the field. The fuzzy controller generates a omnaction in the form of executive plans of
works through implementation schemes of a fuzzgrerice. In this scheme, pre-entered know-
ledge, that is received from experts at the destgge, are used and presented in a form of the
rule base of a fuzzy inference system. Any nexhgkan a rule base expert is implemented from
the outside by an expert.

In the figure 1 the generalized structural schefna fuzzy computer-aided management
system of an agricultural enterprise is presented.

A fuzzi- A fuzzy A defazzi-
fication inference fication

)

An agriculttrist

A plan of
agricultural
works

Real conditions

Sensors

Fig. 1. The structural scheme of a fuzzy compuigedmanagement system
of an agricultural enterprise

The generalized control object is a field wheredtkure is cultivated. The control object
includes directly controlled technological processhe form of executive plans of works, ampli-
fying transforming mechanisms in the form of cohtreer the execution of plans, the regulatory
authorities in the form of planning and dispatchsggvices, and methods for measuring of the
field condition [1]. Input variables that charaatey the real field condition are exposed by the
fuzzification and are used in the fuzzy inferengstem. Fuzzy inference system contains a base
of fuzzy production rules of a generalized form {Iffhe field conditionl1”, ... , “The field con-
dition N’} THEN “The effect on the field””. Expertsknowledge about management work is
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represented in the rule base in the fuzzy fornttoewve the desired condition of the object on the
basis of knowledge about the values that charaetehe actual object condition. Crisp output
values are received as a result of fuzzy infereamuk the subsequent defuzzification use in the
description of the work and its inclusion in theeeutive plan.

Special tools of fuzzy modeling in MATLAB allow derming the full range of research
on the development and application of fuzzy mof#jsFor these reasons, MATLAB was cho-
sen as software tools, within which it is possit#alize theoretical concepts of fuzzy sets and
fuzzy inference procedure.

The module for identification of favorable conditefor sugar beet seeding was realized
using the configuration package Fuzzy Logic Toollebxhe computing environment MATLAB

(fig. 2).
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Fig. 2. Functional scheme for identification of éaable conditions for sugar beet
seeding in the editor window of the MATLAB

The main stages of fuzzy inference are: a fuz#ificaof the input variables, a formation
of the rule base, an aggregation of sub-conditiansactivation of sub-conclusions, an accumula-
tion of conclusions, and a defuzzification of outpariables. We show the implementation of
these steps on the example of the identificatioiawdrable conditions for sugar beet seeding.

2.1. Thefuzzification

The fuzzification is a transformation of a crisjp sean input data to a fuzzy set, which is deter-
mined by the values of membership functions. Fuzaibn allows to present objective presence
inaccurate measurement of object conditions. Thpqae of fuzzification stage is the establish-
ment of a correspondence between a specific nuatesadue of the input variable of the fuzzy
inference system and the value of a membershigiamof the term of the input linguistic varia-

ble. The input datd x,, x,...x} 1/ X, where i is the number of the field conditions &elues,

which are received from sensors or by agricultugatluating. Then a linguistic evaluation of an
each crisp parameter is carried according to meshigefunctions that are specified in the sys-
tem. After this, a crisp set of input parametersassformed into fuzzy set A, which is characte-
rized by a membership functiqrA (x), and is used as linguistic variables in lagicules of a
knowledge base.

In the development of the knowledge base of theegxgystem to plan for sugar beet
seeding the knowledge base was used, and it isrmiegbsin table 1. The values of the input con-
ditions were amended according to their fuzzy liagic variables (table 1) at the fuzzification
stage, and then the variation of the membershiptiom was chosen.
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The parameter values for a range of a linguisticatsée were calculated on the permissi-
ble deviations of parameters from the mean valnescordance with norms.
Table 1 shows that possible values for the soiktnog are the following set:

V =(40; 45; 50; 55; 60; 65; 70; 75; 80; 85; 90). (2)

Each element of the set has its own degree of mestmipe the higher the degree of mem-
bership, the greater the probability that the patamvalue is in the norm. Membership functions
or information for their construction are given éyperts by subjective preferences and are not
random.

Table 1. The knowledge base for the work “Sugat beeding”

A parameter name A symbol A parameter value

The soil humidity, % \% Low Middle High
40-50 60-70 80-90

The soil temperature T Low Middle High

°C 2-4 5-7 8-9

The soil density, p Low Middle High

gm/cnt 0.6-0.9 1-1.3 1.4-1.7

The runtime term of T Early Average Late

work (April) 1-10 11-20 21-30

The resulting fuzzy set can be represented asaisilo
AVmiddIe = (2!2!0_’5’_1 _1 _1 &5_0_0!_ (2)
40" 45 50 60 65 70 75 80 85 It

Because the set of a humidity parameter is fitlite fuzzy set A is written as:

~ N HA(Vn)
A=yt ©

n

where U;;(Vn) is a membership degree of the elemépt!V to fuzzy set A. The membership

degree is a value from range [0 1]. The higher eéegf a membership, the more element of the
set corresponds to the properties of a fuzzy set.

Considering all other parameters, it is possiblednsider the system to be type of MISO
(Multiple Input Single Output). In this case, thestem depends on the values of all input para-
meters, and will be described in the rules, whaltetinto account all of input parameters of the
system. There is generalized record of the MIS@esyghat is the following:

y=[A OA OA,OA] @)

Each parameter has a range of variation. Linguaggessment of the value of each input
variable is performed by three terms, and the dugpuable is performed by five terms. Mem-
bership function is trapezoidal: y=trapmf (x, [acbd]). The argumernitis a minimal valid value
of the parameter with zero probability of a normtetval between the arguments b and ¢ shows
the parameter belonging to the norm with probabilit And, accordingly, the argument d is a
maximum valid value with zero probability of a narm

Let us consider the definition of the membershipcfion for example soil humidity pa-
rameter (V) in more detail. The low value for theraameter is the range of [40 60], the average
value is the range of [50 80] and the high valuthésrange of [60 70]. Selecting a trapezoid form
of the membership function is conditioned by thet that the parameter membership to the norm
with probability 1 isn’t determined by a single walof the variable, but determined by range of
acceptable values.
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For input condition of the soil humidity, the memdtap function has three qualitative re-
presentations, for which the mechanism of fuzzgnefce is mathematically formalized as:

1, if V O[40.50]
60—V

= , 1T V O[50..60Q] .
Hiow (V) 5050 [ ] (5)
0, if V>60
V_5O,ifV[1506q
60-50
1 if V O[60..70]
Himiaae (V) = 80—V : (6)
. if VO[70.80]
80-70
0, if V<50 andV >80
1, if vV O[80.90]
V-70 .
. = , 1f VO[70..80].
/uh|gh(\/) 80_70 [7 ] (7)
0, if V<70

For each input conditions trapezoidal fuzzy setsewgiven. Membership functions are
normal (normalized) and take values in the rangmf® to 1. Graphical view of the membership

functions i is shown in flgures 3a—
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Fig. 3. Membership functions of input variablested humiditya), the temperature b), the density c), the
runtime term d), the output variable of seedingdithons f)
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After completion of the fuzzification stage for allput variables must concrete values of
membership functions for each of the linguistiarterwere determined, and they are used in the
conditions of the rule base of the fuzzy inference.

Let us assume that the state of the field, whegarshbeet cultivation is planned, is charac-
terized by the conditions: the humidity level i96%he density is 1.1 gm/cirthe temperature is
7.52 °C, the runtime term is April 8th. After fufization we got truth degree of elementary fuzzy
statements, which are presented in table 2.

Table 2. Truth degrees of fuzzy sets afterification

A fuzzy set Atruth A fuzzy set Atruth
degree degree
“The low humidity” 0,11 “The low density” 0
“The middle humidity” 0,89 “The middle density” 1
“The high humidity” 0 “The high density” 0
“The low temperature” 0 “The early runtime term” 40,
“The middle temperature’ 0,48 “The average runtteren” 0,6
“The high temperature” 0,52 “The late runtime term” 0

2.2. Theformation of fuzzy production rules

Causal relationships between the parameters arditcos of seeding are formalized in the form
of the set of fuzzy logic rules. Format basic rubésnference “if — then” is called a fuzzy impli-
cation. The rule condition may be the statemente“hmidity is low”, the term “low” is given
by the fuzzy set of the universal set of the lisgigi parameter “The humidity”. The consequence
for this condition may be one of the terms of thigpat parameter of seeding conditions.

The fuzzy knowledge base including information abitne relation of the "values of the
parameters — conditions for seeding” and contayrttid following linguistic rules:

1) If (The humidity is Low) and (The temperatureLisw) and (The density is low) and
(The runtime term is Early) then (Conditions foedimg are Unsatisfactory) (1);

2) If (The humidity is Low) and (The temperatureLsw) and (The density is Low) and
(The runtime term is Average) then (Conditionsdeeding are Below satisfactory) (1);

3) If (The humidity is Low) and (The temperatureLisw) and (The density is Low) and
(The runtime term is Late) then (Conditions fordieg are Below satisfactory) (1);

4) If (The humidity is Low) and (The temperatureLisw) and (The density is Low) and
(The runtime term is Late) then (Conditions fordieg are Below satisfactory) (1);

5) If (The humidity is Low) and (The temperatureHigh) and (The density is Low) and
(The runtime term is Early) then (Conditions foedimg are Satisfactory) (1);

6) If (The humidity is Low) and (The temperatureMsddle) and (The density is Low)
and (The runtime term is Average) then (Conditifmrsseeding are Satisfactory) (1);

7) If (The humidity is Low) and (The temperatureHigh) and (The density is Low) and
(The runtime term is Average) then (Conditionsdeeding are Satisfactory) (1)

8) If (The humidity is Low) and (The temperatureMsddle) and (The density is Low)
and (The runtime term is Late) then (Conditionsdeeding are Satisfactory) (1);

9) If (The humidity is Low) and (The temperatureHigh) and (The density is Low) and
(The runtime term is Late) then (Conditions fordieg are Satisfactory) (1);

10) If (The humidity is Middle) and (The temperatus Low) and (The density is Low)
and (The runtime term is Early) then (Conditionsdeeding are Below satisfactory) (1);

11) If (The humidity is High) and (The temperatisd.ow) and (The density is Low) and
(The runtime term is Early) then (Conditions foedimg are Unsatisfactory) (1);

12) If (The humidity is Middle) and (The temperaus Middle) and (The density is Low)
and (The runtime term is Early) then (Conditionsdeeding are Above satisfactory) (1);
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13) If (The humidity is Middle) and (The temperaus Middle) and (The density is Mid-
dle) and (The runtime term is Early) then (Condisidor seeding are Optimal) (1);

14) If (The humidity is Middle) and (The temperaus Middle) and (The density is Mid-
dle) and (The runtime term is Average) then (Coadg for seeding are Optimal) (1);

15) If (The humidity is High) and (The temperatiseHigh) and (The density is Middle)
and (The runtime term is Early) then (Conditionsdeeding are Above satisfactory) (1);

16) If (The humidity is High) and (The temperatiseHigh) and (The density is High)
and (The runtime term is Average) then (Conditifmrsseeding are Above satisfactory) (1);

17) If (The humidity is High) and (The temperatiseHigh) and (The density is High)
and (The runtime term is Late) then (Conditionsdeeding are Satisfactory) (1);

18) If (The humidity is Middle) and (The temperaus High) and (The density is Mid-
dle) and (The runtime term is Late) then (Condgitor seeding are Optimal) (1);

19) If (The humidity is Middle) and (The temperaus Middle) and (The density is
High) and (The runtime term is Late) then (Condisidor seeding are Above satisfactory) (1);

20) If (The humidity is Middle) and (The temperatus High) and (The density is Mid-
dle) and (The runtime term is Low) then (Conditidmsseeding are Optimal) (1);

21) If (The humidity is High) and (The temperatiseHigh) and (The density is High)
and (The runtime term is Late) then (Conditionsdeeding are Satisfactory) (1);

22) If (The humidity is Middle) and (The temperatus High) and (The density is Mid-
dle) and (The runtime term is Average) then (Caodd for seeding are Optimal) (1).

2.3. The aggregation of sub-conditions

The aggregation is a procedure for determiningtth#h degrees of conditions for each of the
rules of the fuzzy inference system. Here are wsékes of membership functions of the terms of
the linguistic variables that make up the nuclethaf antecedents of fuzzy production rules and
were received at the fuzzification stage.

In MISO system the condition is a compound statamentruth degree is based on the
known truth values of its elementary statementsgigizzy logic operation «AND»:

n(v N TN pN=min{u(V); w(T); n(p);n()}. (8)

After aggregation on the basis of truth degreénefihput parameters, obtained in sec. 2.1,
were received the truth degree of conditions (t&ple

Table 3. Truth degrees of conditibns

0 0] 0] O 1 1 1 0] 0] O
V. | T\t ]| 04| 06| 0 0,4 0,6 0| 04 06 0
0,11 0 01)| 0(2) 03 0 0 0 of o 0
0,11 | 048 | 0()| o®) 0@ 0,11 0,11 0 ( » D
0,11 | 052 | 0(5) 07 09 0,11 011 0 ( ( D
0,89 0 | 00 0 | 0 0 0 0 0] 0] 0
0,80 | 048 | 0(12) 0 | 0 | 0,4(13) 0,48(14) 0 0] 0| O
0,89 | 0,52 0| 0| 0] 04200,5222)0(18)] 0 | 0 | 0
0 0 0] 0| O 0 0 0 0] 0| 0
0 0,48 0] 0] O 0 0 0 0/ 0| o0
0 0,52 0] 0] O 0 0 0 0/ 0| 0

!In table 3 in parentheses is indicated numbeneftle for which was evaluated the truth degresoaf
ditions.
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2.4. The activation of sub-conclusions

The activation of fuzzy inference systems is a pdure or process of finding the truth degree of
each of the elementary logic statements (sub-csimis), which make up the nuclei of conse-
qguents of all the fuzzy production rules. Becausectusions are made regarding the output lin-
guistic variables, on activation the truth degréelementary sub-conclusions are associated with
basic membership functions.

Membership functiong(y) of each of the elementary sub-conclusions of cqunsiets of

all production rules are received using the metbfohin-activation of fuzzy composition:
u(y)=min{c;n(x)} (9)
wherep(x) is membership functions of the terms of linguistciables;

c is fuzzy truth degree of statements, which fohe ¢orresponding nuclei consequent of
fuzzy production rules.
Using the procedure of activation, we receivedfthil®wing non-zero membership func-

tions H(Y) :

0,4, if yO[0,79..1]
by rules 13,20: y-0,75 (10)

=2 —""_if y0[0,75..0,79
Hys(Y) 0.79-078 Y [ 1
0, if y<0,75

0,48, if y][0,798..1]
by the rule 14: y—-0,75 (11)
=i ————— if y[J[0,75..0,798
M (Y) 0.798- 078 " Y [ ]

0, if y<0,75

0,52, if y01[0,802..1]
by the rule 22: y—-0,75 (12)
=y————. if y0[0,75..0,802
Mao(Y) =1 5 g0- 0,78 ' YL ]

0, if y<0,75

2.5. The accumulation of conclusions

The accumulation in the fuzzy inference system saeess of finding the membership function
for output linguistic variables. The aim of the acwlation is in a union of all truth degrees of
sub-conclusions for the membership function ofdbgout variables. The result of the accumula-
tion is defined as a union of fuzzy sets of all-sobclusions of a fuzzy rule base with respect to
the corresponding linguistic variable using the roaion:

u(y) = max{ps (y) Mao(¥) iHaa(Y) oo V) } - (13)

In accumulating all truth degrees of the outputapster, which were presented in sec.
2.4, the fuzzy set of the output variable was ot&dj and is identical to the formula 12.
The fuzzy inference of rules in the MATLAB editarshown in figure 4.
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The humidity = 59 The temperature = 7.52 The density =1.1 The runtime term = & Conditions for seeding = 0.89
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Fig. 4. The fuzzy inference of rules in the MATLASRlitor

2.6. Thedefuzzification

The defuzzification is an inverse transformatiorihef fuzzy set A in the crisp set B. The aim of a
defuzzification is to obtain quantitative valuesjng the results of the accumulation of output
linguistic variables. These values can be usedxtgreal to the fuzzy inference system devices
(executive mechanisms of the computer-aided managegaystem of an agricultural enterprise).
In this model, the identification of conditions feeeding (probability of favorable conditions) is
performed by the method of the center of gravitlgioh calculates the centroid of the area:

y=[ " way/ [u(y)dy. (14)

Where[ymax; ymm] —is a medium of a fuzzy set of an output lingaisariable.

So, when the humidity level is 59%, the density.is gm/cni, the temperature is 7.52 °C,
the runtime term is April B after defuzzification the output parameter wa890There are op-
timal conditions for sugar beet seeding, and maydasl by agriculturist for making the decision
about including work «seeding» in the executivena date April 8.

Moreover, the surface of the "input-output” wasamted by the results of the fuzzy infe-
rence. The surface shows the dynamics of the eacabnditions for sugar beet seeding (see
fig. 5 a—d).

Thus, the dynamics of the computer-aided managesystém of an agricultural enter-
prise with fuzzy controller is totally based on #ehitecture of the fuzzy inference system: on
method of construction and content of base prodnatiles and on the method of implementa-
tion of the algorithm of the fuzzy inference. Iretdesign of the fuzzy system the experts and ex-
pert poll methodologies must be carefully chosenh thwe rule base formed. The choice of imple-
ment ways of each stages of the algorithm of fuafgrence is made to greater extent intuitively,
since there are no complete and holistic methodymthesis of the fuzzy inference algorithm on
the basis of production rules, which is alloweddalize fuzzy control in accordance to any pre-
set assessment of the required quality of the obnilypically, the choice of the specific fuzzy
inference algorithm is carried out empirically franimited number of possible implementations.
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The above given inference system is a system of ddaiZadeh. The choice of fuzzy
model of type Mamdani is caused by the fact thatrtiles of the knowledge base are clear and
intuitive, whereas for Sugeno-type models it is aletays clear which linear dependences "input
— output” should be used and how to get them.

3. Conclusion

The developed model of the expert system on this lodisa fuzzy logic and field conditions al-
lows finding the best solution of the problem ofrfulation and correction of the executive plan
of work when field conditions are being changedeal time.

The main advantages of designing of a model okttpert system on the basis of a fuzzy
logic are:

1) a support of the development of a rapid protetgpthe expert system with an increas-
ing complexity of a functionality;

2) for an agronomist it is more understandablezzydogic model than the similar ma-
thematical model on the basis of differential dfedence equations;

3) a method of fuzzy sets allows to include qualitavariables in the analysis and to op-
erate with fuzzy input data and linguistic criteria

4) fuzzy models are simpler to implement in comgami with traditional control algo-
rithms of technical systems.
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