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Abstract: The study is aimed to develop the logic-linguisticdels to design a number of rules for the cocaldulation
of the vehicles needed, taking into account tharteal, technological, and weather and climate @t of the
harvesting and transport complex. The article hasva that the construction of the design of logigpliistic models was
not performed earlier to solve the problem of tigeoandustrial production transportation suppodnsidering the
opportunity of forecasting size of influences oé tiveather and climatic factors on improving thedpiadivity of the
harvesting and transport complex elements. It isrdened that the experience of applying the fulgic theory in
many practice situations confirms the universalitthe mathematical apparatus. This toolkit prosidetter results than
classical approaches (set theory, probability §edrhis aspect indicates the expediency of thesehanathematical
apparatus for solving the tasks. The article ufizgy logic explores the relationship and interdef@mce of technical,
technological factors and weather and climate d¢anmdi for modeling transport support in harvestargl transport
complex. Fuzzification of the parameters is cardat] based on the compiled equations using trageizand triangular
membership functions. The set of rules necessarhéocreation of logical-linguistic models (LLM)ifeach factor has
been arranged. LLMs were developed for dependemstinpters, which will allow further modeling of theansport
support of the harvesting and transport complekeénFuzzy Logic Toolbox application of the MATLARgkage.

1 Introduction organization of transport services at a sufficigaality

Transport support in agriculture, as in other indes, level increases. In this case, the main factomfmroving
plays a key role. The consumer price of produaigely the reliability of the logistics system is the aemy of
depends on the efficiency planing of the transjpioria determining the re.quired number of trucks for the
process. This is because the share of the cost tFNsportation of agricultural goods.

transportation is 20-30% of the final cost [1,2hi§trend Based on the practice of functioning and interacti
is especially clearly seen in the delivery of agtiral the harvesting and transport complex (HTC) elements
goods during harvesting. during the harvest, there is a problem of ensuring

This period is characterized by the intensificatibthe ~Uninterrupted operation between harvesting equipaueh
use of rolling stock and harvesting equipment (coiesy  Vehicles. There is an option to solve this probleyn
tractors, etc.). Therefore, the complexity of thé@pplying standard technological solutions [3,4]. ist
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possible to take into account technological aspesisg security of transport infrastructure. It can be elonly by
probabilistic approaches [5-8], as well as riskotlge[9].  fixing the uncertainty of environmental threats the
However, in order to properly plan the operationtta transport infrastructure faces, as well as itsstasce to
harvesting and transport complex, it is necessapyddict damage and the consequences of damage [20]. Such
the harvesting time and possible timing. To do,tlie approaches are often used in the absence of tsébhios
model should include parameters that take into wwico of obtaining the necessary statistics or complatd lof
weather and climatic conditions. data.

Therefore, the use of fuzzy logic to build logical- Often the fuzzy models are used to organize traffic
linguistic models is the most correct. Indeed, theoutes of various modes of transport: automobilie4?2],
application of this approach allows fully reducitige rail transportation [23], and ship navigation [2Rputing
fuzziness in the system under consideration, whith aspects are important enough to determine theopéisin
allow us to determine the required number of trugite a  for transport support of any industry [25]. An imative
smaller error for various scenarios than with tise of solution to this problem was the use of a modiféed
probability theory [10]. algorithm [26]. It should be noted that when builglia

The study aims to develop the logical and lingaistisupply chain that includes a distribution centefuzzy
models that allow creating a set of rules for therect theory application is also possible [27].
calculation of the necessity of the vehicle, takingp As for the issues of transport support for thecadral
account the technical, technological, and weathet asector, these tasks were considered using the fogry
climatic conditions of the harvesting and transpgrt apparatus of the fleet of vehicles, primarily inwed in

complex. harvesting [28]. A similar study was conducted ptiraize
the work of the farm in growing tomatoes [29]. The
2 Literature Review fundamental research in terms of the transport ga®c

The experience of using fuzzy logic in logisticsdan Planning in agriculture was a study designed teesthe
transport systems proves the appropriateness iof tisis Main transportation problems by adjusting the mesttie
mathematical apparatus when it is necessary toidems functions to the SpeCIfICS of the SyStem Under)&tudthls
fuzzy parameters during model building. case, only three factors were considered that were

One of the first problems that were successfullyezsh ~associated only with the technical aspects of partation
using the fuzzy logic apparatus were tasks in tedical  [30].
field. Today, this issue is also significantly esfled in When planning the delivery of agricultural products
modern research, additionally using neural-networtte key role is played by the issues of coordinaterk of
models [11]. Similar approaches are used in lagistnd harvesting and transport equipment. At the same,tim
to improve the functioning of various types of spart ensuring coordinated interaction can be achieved)uke
systems. theory of fuzzy sets and neural networks to okdaturate

Fuzzy logic has been successfully applied to imeaforecagts in d.ifficult to _predict operating conalits. From
the safety of vehicles on the road network sectinrtse ~ this point of view, studies were conducted for detaing
settlements [12] at the beginning of the 21st agntu the transshipment volumes of grain in logisticsteys
Several works were carried out in the area of smddl-32], as well as the calculation of demand intpof
transport systems, where the issues of timely etetion ~departure depending on soybean production [33].
of congestion [13,14] and general problems of mampg Moreover, according to studies, in general, sujplgin
saturated traffic flows were solved, using the dielny Management should be based on the use of modbltheit
method to assess the different levels of contfs/1a]. hecessary data coverage [34]. A similar samplédsva
Another practical area of application of fuzzy Ingi When constructing supply chain options for thewdel of
according to the results of research in the spberead 9rain cargo by three transport modes [35]. Howewer,
transport, is designing an evolutionary-type mddethe ~classical approach is presented here, using the rfes
prediction of possible traffic accidents in citytmerks apparatus, which does not always allow finding an
[17]. unambiguous optimum. _

The next study was based on an approach that would Regardless of the specifics of the fuzzy logic apiues
maximize profits when planning the transportatibsalid ~ application, the key aspect was the correctnesthef
materials using pipelines. The solution to the fwbwas formulation of many terms and, as a result, theeztness
made possib|e by Creating a new design of fuzzjc]ogOf Constructing a Iogical-linguistic model (LLM)nIthe
systems (IT2FLS) type interval 2 [18]. paper [36] an example of the logical-linguistic ratxi

Separately, it is worth noting the use of the fugic ~ development with the programming languages usieg th
apparatus in solving the multiobjective nonlineaflassical Zadeh theory is shown. _
transportation problem (MNOTP), where the weighting It should be noted that LLMs are used along with
coefficients of the membership functions are prekn Mathematical ones and are the most productiveHer t
particularly [19]. Fuzzy logic is also used in lesscale efficient presentation of data. Based on logiaadhliistic
research, for example, in determining the overlel of Models, it is possible to implement the creationaof
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intelligent interface of computer programs and the 2. Definition of the influential dependent paramste
operating system as a whole [37]. and those affected by the system elements;

The logical-linguistic models are the most accelptab 3. Formation of the logical chains that show the
type of models used in intelligent systems for peging interconnection and interdependence of the paramete
complex structures of diverse types of data andMedge. when modeling the transportation support for theCHT

A typical example of the LLM is the concept thafieets 4. Assignment of terms for each term-set of lingeiis
the laws inherent in classes of objects [38]. variables;

The information sources and scientific literature 5. Fuzzification for each system parameter;
analysis showed that the construction of the ldgcal 6. Development of logical-linguistic models.
linguistic model was not carried out earlier fag thansport  Adjustment of the set of rules for each model.
support of agricultural production, considering theults The final step is the result of this study. At geme

of forecasting values of the weather and climatdofs time, the constructed logical-linguistic models twihe

influence on improving the efficiency of the HT@elents formed individual set of rules will act as initiaformation

functioning. at the next stage of the study - computer simulatigsing
The diversity of the fuzzy logic theory applicationthe Fuzzy Logic Toolbox profile package in the MAAR

testifies to the universality of the mathematigabaratus, simulation shell.

which, when solving various problems, shows better

results than classical approaches. Thereforeisthisother 3.2 Parameters classification
proof of the relevance of the selected tools fdvisg the The classification of parameters was performed in
given tasks. order to develop a matrix for constructing logichhins.
At the same time, an object-independent approach is
3 Research Methodology practiced. It involves a third-party assessmentthaf
objects presented for classification. They shoull b
3.1 Research tasks assessed objectively, which is possible with the

To achieve the goal, a research structure has bedBMolvement of independent experts [39-41]. As sulie
developed, according to which must be resolvechthe dependent and independent parameters are highlighte
problems: Independent parameters are marked with “-" and

1. Segregation of the future model parameters inf{ependent parameters are marked with “+”. The teauk
dependent and independent according to the foraggedl ~ Presented in Table 1.
chains;

Table 1 Classification of dependent and indepengarameters

Dependent parameter “+” Independent factors “-”
Soil condition Rain
Dew
Crop productivity Halil
Crop moisture Field size
Lodging Soil moisture content
Quantity of harvesters Harvester header width
Harvester speed Road type
Harvester efficiency Load capacity of vehicles (trucks

Quantity of vehicles (trucks)

Vehicles (trucks) operating speed pistance from field to the threshing
Vehicles (trucks) turnover time floor

Method of harvesting

The presented classification fully reflects theeghive logical-linguistic model, which in the conditionsf o
opinion of various expert groups on the degreaftdénce fuzziness makes it possible to reduce the errobiaining
or independence of each parameter from the set tbie final result — the number of vehicles involviadthe
proposed factors. Table 1 allows establishingiifiaence transport support.
levels of both dependent factors and independeas.on
This will allow us to more correctly formulate tfigture
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3.3 Definition of influence levels of independeniot  factors. It should be noted that the dependencéhef
dependent parameters parameters will occur both in the context of “degbent

The classification of the basic conditions for tHEC  parameters — independent parameters”, and in tiealo
operation and consideration of the expertsthain “dependent parameters — dependent parameters”
recommendations made it possible to identify theleof Dependent parameters are listed, and their depeaden
the interdependence of parameters. Thanks to $pisc independent parameters is indicated (Table 2):
it is possible to determine the dependence of tihdiexd

Table 2 Influence levels of independent to depamuiameters

Independent factors which influence Influenced dependent parameters
Soil condition
Rain Crop mc.Jisture
Lodging
Vehicles (trucks) operating speed
Dew Crop moisture
Halil Lodging
Field size Quantity of trucks
Soil moisture content Soil condition
Combine header width Combine efficiency
Road type Vehicles (trucks) operating speed
Load capacity of vehicles (trucks) Vehicles (trucks) turnover time
Distance from field to the threshing-floor Vehiclg@gicks) turnover time

Based on Table 2, we can conclude that the maste technical and technological aspects of the HTC
significant (from the point of view of the numbef o operation, weather, and climatic factors. The tatte
influence levels) is the independent parameterriRainis  primarily affect the start time of the harvestingdaits
factor affects four elements of the system undedyst duration, which ultimately determines the quaniiat
Therefore, when constructing logical chains, “Rainheed for rolling stock. Moreover, the largest numbg
should be reflected in the largest number of them. construction chains are based on the weather ¢omsliof

Similarly, the study performed the formation ofdés the harvesting and transport complex. This willunalty
of interconnections in the logical chain “dependeraffect the construction of logical-linguistic mosein
parameters — dependent parameters”. The resultiseof subsequent stages.
procedure were reflected in the development offithed

logical chains presented in the matrix (Table 3). 3.5 Definition of fuzzy term-sets and finding value
of linguistic variables
3.4 Formation of logical chains The preparatory stage should be carried out inrdcde

When developing future logical-linguistic modelsisi complete the fuzzification (the transition fromleas set to
important to pay attention to the primary technaalj a fuzzy one) [44]. It consists of the developmeiteom
technical, and weather-climatic aspects in whiclk thsets for each model and, accordingly, the defimitbthe
transport support of the harvesting and transpurtpdex  values of linguistic variables for a particularnterThe
takes place [42,43]. For this, matrix-forming |lagichains results of the procedure are presented in Tabler4 f
were created (Table 3). independent factors.

Based on Table 1, three alternatives for constrigcti  The results of parametric identification are perfed
logical chains are identified, which are built apart from for dependent factors in Table 5.
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Table 3 Matrix of logical chains for design lingtissmodels

Kind Initial ransit cha reeu
fagtor parameter ransit chain esu
Lodging-method of harvesting-harvester speed-h&ves
efficiency-quantity of harveste
" Soil condition- harvester speed-harvester effigremugantity of
5 Rain harvester Quantity of trucks
=5 Lodging- crop productivit-quantity of harveste
5 Vehicles (trucks) operating speed-vehicles (truckshover
o time- quantity of harveste
g Lodging-method of harvesting-harvester speed-h&ves
® Halil efficiency-quantiy of harvestel Quantity of trucks
= Lodging- crop productivit-quantity of harveste
Crop moisture-method of harvesting-harvester spegdester,
Dew efficiency-quantity of harveste Quantity of trucks
Crop moistur- crop productivit-quantity o harvestei
Soil moisture | Soil condition-harvester speed-harvester efficieqagintity of Quantity of trucks
< conten harvestel
;:Ej g heH;J;Ifi;?Cirt Harvester efficiency-quantity of harvesters Quardfttrucks
2 © | Load capacity
of vehicles | Vehicles (trucks) turnover time-quantity of haresst Quantity of trucks
(trucks'
= Road type \_/ehicles (trucks) operating speed-vehicles (truckshover Quantity of trucks
RS time-quantity of harveste
8% | Distance from
28 | fieldtothe : . . _
£ 2 threshina- Vehicles (trucks) turnover time-quantity of hanegst Quantity of trucks
o g
2 floor
Field size Quantity ofcombineharvestel Quantity of truck

It should be noted that to highlight the values ofhe theory of fuzzy logic,. As an example, thisiciet
linguistic variables, both expert recommendatiomsl a discusses a procedure based on the logical linkv"De
mathematical expediency were used at the same Tinee. (independent factor) “Crop moisture” (dependentdgc
latter refers to the minimum possible allocationtbé The choice of this pair is because the indepenfletor
number of ranges (terms) by the factor to prevéet t (“Dew”) is harder to predict than the three aspedtthe

massiveness of the final model. Indeed, this cdaae the
speed of calculations or lead to the inability xperiment

as a whole.

3.6 Parameter system fuzzification and designing

of membership functions

The next step is the process of fuzzification aftegn
parameters. Thanks to this procedure, it is passiol
convert fuzzy parameter values to linguistic trustues

[45].

considered weather and climate conditions. Indhge, the
dependent parameter (“Crop moisture”) plays a kégyin
choosing the start time of the harvest and thé dotation
of the harvesting and transport complex, at which t
harvested crop will be of the best quality.

Triangular and trapezoidal membership functions are
the simplest, according to the research study [fi¢se
functions are formed using the piecemeal-linear
approximation. The trapezoidal membership funcitoa
generalization of triangular function. It allows wdo

A comparative assessment between memberstipecify the core of a fuzzy set in interval fornoll&wing
functions has shown that triangular and trapezoicbnvenient interpretation is possible in case ajierzoidal
membership functions will best represent depenésnéi membership function: a core of a fuzzy set is amuogtic

similar type of function is often used in solvinggistic

estimate; fuzzy set carrier — pessimistic evaluatio

problems. Confirmation of this is one of the latstdies Triangular and trapezoidal membership functionseost
performed when choosing a route in the formatiothef widely used in practical applications accordingh® work

supply chain in fisheries [46].

of prof. Rothstein [48]. These two studies explahy such

Fuzzification was performed for all dependent antypes of membership functions are expediently f&ing
independent parameters using the classical apprsaath during the experiment.
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Fuzzification for the parameter “Dew” will take the

following form (Figure 1).

Table 4Terms and values of linguistic variables for indegent parameters

5 Short-term
A

Membership Function,

Parameters / conditions Term Index
Lingering 10-20mm
Rain Heavy 10 mm
Short term 5 mm
Long 7 hr
Dew Moderate 5hr
Shor-termr 2hr
Heavy 10mm
Hail Moderatt 5mm
Small 2-3mm
Large 500 ha
Field size Mediurr 20C-300he
Smal 100he
High 61,8 %
Relative soil wetness Moderate 50 %
Low 44 %
Large 11m
Header width Mediurr 7-10m
Smal 3-6m
With improved coatin 51-60km/h
Road type Grader 35-50km/h
Steppe 18-35km/h
Field 12-18km/h
High 20t
Load capacity Higher than averay 1C-12t
Average 57t
Low 3t
Long 40 km and more
Distance from field to threshing Higher than averas 2C-35km
floor Mediurr 10-19km
Shor 2-9 km
Moderate Long

1 7 8 hr

3 4 5 6
Parameter Term Index "bC\\ . hr
Figure 1 Graphic of fuzzification result for indeqi=nt parameter 'Dew'

A calculation was also performed for trapezoidatl an
triangular) membership functiorxs(u) for the parameter

“ DeW”.

~ 160 ~

Copyright © Acta Logistica, www.actalogistica.eu



- International Scientific Journal about Logistics
Volume: 7 2020 Issue: 3 Pages: 155-166

Acta logistica
ISSN 1339-5629

DESIGN LOGICAL LINGUISTIC MODELS TO CALCULATE NECESSITY IN TRUCKS DURING
AGRICULTURAL CARGOES LOGISTICS USING FUZZY LOGIC
Ievgen Medvediev; Dmitriy Muzylyov; Natalya Shramenko; Pavlo Nosko; Peter Eliseyev; Vitalii Ivanov

Table 5Terms and values of linguistic variables for degmrigarameters

Parameters / conditions Term Index
Satisfactory Dry
Soil Condition Unsatisfactory Wet
The highest 50 c/ha and more
Crop productivity Medium 37,5 c/ha
Lowest 25 c/ha and less
High 25 % and more
Crop Moisture Medium 18 %
Normal 16 %
High <25 %
Lodging Medium <15 %
Low 5%
High 5 units and more
Number of Combine Harvesters Medium 3-4 units
Low 2 units
High 10 km/h
Combine Harvester Speed Normal 5-7 km/h
Low 2-3 km/h
High 5,5 ha/h
Combine efficiency Medium 4,5 ha/h
Low 3 ha/h
Above normal 6 units and more
Number of transport means Normal 3-5 units
Insufficient 2 units
High 51-60 km/h
Vehicles (Automobile) Operational Higher than average 35-50 km/h
Speed Average 18-35 km/h
Low 12-18 km/h
Fast 10-20 min
Vehicles (Automobile) Time of Satisfactorily 51-40 min
Turnover
Slow 41-60 min
Direct 1
Harvesting Method Separate 0
0, us<O0 ifu=3,5 0, u< 2,75 ifu= 6,5
#(u)=41, 0sus<?2 ' 1) u(u) = UZ2,75_UZ 275, 75cu< 5 2)
3,5—u:3,5—u'2SUS3,5 2—51175 65_::
3,5-2 15 ! = 5<u<6,5
6,5-5 1,5
~161 ~
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1, 7su<8,5 where u — considered fuzzy parameter; /J(u) -
#(u)=1u-6 _U=6 <7 ©) membership function.
7-6 1 Fuzzification for the “Crop moisture” parameter is

shown in Figure 2.

u Normal Medium High

1234567 891011121314151617181920212223242526 %
Parameter Term Index “Crop Moisture™, %

Figure 2 Graphic of fuzzification result for indepient parameter “Crop moisture”

Similarly to the “Dew” factor, the membership
functions were calculateg(u) for “Crop moisture”. The presented example allows building a logical-
linguistic model of the dependent variable “Crop
moisture”. The fuzzification procedure was carrieot

<0 ifu= L L
0, us0ifuz17 similarly for the other factors of the functioninof

p(u)=11 0<us<16 (4) transport services during the harvesting periodriged in
17-u _17- u,leus 17 Section 3.1.
17-16 1
4  Results and Discussion
0, u<16,5 ifuz 23,25 Eleven logical-linguistic models were built as aul
U-16.5 u-16.5 of the study. At the same time, for example, thezyu
u(u) = 18- 1é ] 5’ ,16,5<u< 18 ) mathematical model of “Crop moisture” in the formao
23 2 ' 23: ) linguistic model consists of 9 rules and will takee
25U _ 23.25°U 1o < 23.25 following form:
23,25- 18 5,25
1, 25<u< 27
={u- - 6
pu)=ju=215 _u-215, .\ ©)

25-215 3,5

IF "Rain Short term" - THEN"Crop moistureNormal "

IF "Rain Heavy" —» THEN'Crop moisture Medium"

IF "Rain Lingering" - THEN"Crop moistureHigh "

IF "Dew Short term" — THEN"Crop moistureNormal "

IF "Dew Moderate' . THEN'Crop moistire Medium” @
IF "Dew Long" - THEN'Crop moistureHigh "

IF "Dew Short term" — AND"Rain Short term'-s  THEN'Crop moisture Normal"

IF "Dew Moderate' -~ ANDRain Heavy—-» THERCrop moisture Mediurti

IF "Dew Long" - AND'Rain Lingering' - THHE"Crop moistureHigh "

The final table with a set of rules for each of ttie
developed logical-linguistic models can be reprieestias
follows (Table 6).
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Table 6 Resulting table with rules guantities facle logical linguistic model

Fuzzy logical linguistic model Rules quantity
Soil conditior 9
Crop productivit 3
Crop moistur 9
Lodginc 9
Quantity of harester 15
Harvester spet 4
Harvester efficienc 11
Quantity of vehicles (truck 6
Vehicles (trucks) operating sec 6
Method of harvestir 11
Vehicles (trucks) turnover tin 15

Table 6 shows that the most cumbersome is LLMs more accurately calculated under various, ellemtost
which determines the technology of the transpamtati implicit, conditions of operation of the HTC.
process and the harvesting equipment operationselhe
models consist of 15 rules, which makes it necgstar Acknowledgment
take into account more conditions when calculating The authors express their gratitude to Vasyl Hrdmya
number of harvesting combines needed, as welbamplg Ph.D. (Agricultural Sciences), Associate Professtaad
the turnover time for trucks involved directly imet of Laboratory of Protection and Rational Use of dsn
transportation of the HTC. Therefore, in ordervoid the National Scientific Center «Institute for Soil Soae and
disruptions in possible operation, these two indisa Agrochemistry Research named after O.N. Sokolovsky.

should be agreed upon to exclude both the dowrdifrttee

combine waiting for the truck and, conversely, th@keferences

formation of a queue of empty trucks near the field

5 Conclusion
The paper studies the interconnections and
interdependencies of the technical, technologiaatoirs

and weather and climate conditions for further nfiodeof
the transport support for the harvesting and tramsp
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