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SELECTION AND HIERARCHIZATION OF THE AHP METHOD BAS ED DECISION
PROCESS CRITERIA FOR THE CHOICE OF BATTERY FOR POWE R DRIVEN
AGRICULTURAL MACHINES

Summary

The lead-acid batteries are used in every poweratriagricultural machines. Despite numerous fafgtpecially connect-
ed to the environmental protection aspects), thtebas have one basic advantage, i.e. low prideifTlife is increasingly
short and sometimes they require replacement aftéyr 2-3 years of use. The correct exploitatiorthef battery depends
mainly on the proper selection of wiring systemtsiapplied in an agricultural machine. The decisfmocess related to
the purchase of a proper battery is one of the nddfitult and assumes most responsibility in tewhsgricultural ma-
chines maintenance. The faulty selection of a battgay result in the necessity of an earlier replaent or even in the
damage of numerous electric and mechanical unifdieg in an agricultural machine. Every waste baftés a threat to
the natural environment and is classified as a hdaas waste. The study is devoted to the seleatidnierarchization of
the criteria for the decision process taking pléceéhe case of an agricultural machine battery hase.
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SELEKCJA | HIERARCHIZACJA KRYTERIOW PROCESU DECYZYJ NEGO WYBORU
AKUMULATORA DO SILNIKOWYCH MASZYN ROLNICZYCH Z WYKO  RZYSTANIEM
METODY AHP

Streszczenie

Akumulatory kwasowo-otowiowe wystij we wszystkich silnikowych maszynach rolniczycmifo wielu wad (w szcze-
golnasci zwigzanych z aspektami ochrosnpdowiska) posiadaj jedry podstawow zalet, tj. niski koszt zakupu. Czas pra-
widtowej eksploatacji akumulatoréw jest coraz kegtszdarza gikonieczng¢ ich wymiany ja po 2-3 latach. Prawidlowa
eksploatacja akumulatora zale przede wszystkim od wWtawie dobranych podzespotéw instalaciji elektryczmejszyny
rolniczej. Proces decyzyjny zymany z zakupem wieiwego akumulatora natg do jednego z trudniejszych i odpowiedzial-
nych w procesie utrzymania maszyn rolniczych. Ni@iwie dobrany akumulator nie powodowa nie tylko konieczn@
jego wczeéniejszej wymiany, ale rownieiszkodzenie awaryjne wielu podzespotéw elektrgtzngnechanicznych maszyny
rolniczej. Pamgta¢ nalety, ze kady zuyty akumulator stanowi zagienie dlasrodowiska, naley on bowiem do odpadoéw
niebezpiecznych. W pracy przeprowadzono seléKuprarchizacg kryteriow uwzgldnianych w procesie decyzyjnym za-
kupu akumulatora do maszyny rolniczej.

Stowa kluczoweakumulator, proces decyzyjny, metoda AHP

1. Introduction Attribute Ranking Techniquébbr. SMART) [6], Simple
Multi-Attribute Ranking Technique Exploiting Rar(gbbr.
The battery is the source of electrical energydpoed SMARTER) [7], Fuzzy Analytic Hierarchy Procegabbr.
as a result of direct conversion of chemical englgging  F-AHP) [14], Analytic Network Proces@@bbr. ANP) [24],
the direct power source for machiffé®-12, 17]. Batteries Fuzzy Analytic Network Proces@bbr. F-ANP) [26],
that are worn out or flat may be the reason fordtagter Measuring Attractiveness by a Categorical Basedlaa
motor voltage drop and for the problems with propekr  tion TecHniqugabbr. MACBETH) [2], the French method
ume of engine start revs. The purchase of a neterpas  ELimination Et Choix Traduisant la REaliglabbr.
always connected with hard decisions. The batteryah ELECTRE) [15, 18, 28]Preference Ranking Organisation
agricultural machine should match its engine capaas METHod for  Enrichment Evaluations (abbr.
well as power of starter motor, alternator and otivéts. A PROMETHEE) [3], Technique for Order Preference by
mismatched battery is likely to cause prematurervesaa Similarity to Ideal Solution(abbr. TOPSIS) [9] and many
result of long-lasting insufficient charge or ovesicge. others. The first stage in these methods inclubdessélec-
The majority of the developed and applied methofds tion of the decisive characteristics (parametehns} after
selection and hierarchization of decision procesaes the classification in the following stage becomeisige
based on multicriterial nature of this choice. Tlmglude a  criteria. Experts are in charge of the selectiotheke char-
number of methods such as, among others, Analytcat  acteristics. The decisive criteria may be clasgifie terms
chy Process (abbr. AHP) [22, 23Ratio Estimation in of their measurability (measurable and non-measerab
Magnitudes or deciBells to Rate Alternatives whare  characteristics), the extent of their complexitynfge and
Non-DominaTedabbr. REMBRANDT) [13]Simple Addi- aggregate), and moreover there can be distinguisis
tive Weighting Methodabbr. SAW) [4],Fuzzy Simple Ad- acute and blurred characteristics. The study enspibg
ditive Weighing Methodabbr. F-SAW) [26]Simple Multi- AHP methodology to select and hierarchize the raitéor
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decision process concerning the choice of a leat{zat-
tery applied in agricultural equipment.

2. Materials and methods

The goal of the study is to identify the set ofailed
and key criteria for the decision process concerriime
purchase of the battery to power-driven agriculture-
chines, as well as their pairwise comparison andsifica-
tion by descending impact on the decision making.

The importance of the particular key criteria {than-
sist of the detailed criteria significance values)s evaluat-
ed by means of the pairwise comparison methodabedc
Analytic Hierarchy Process. The AHP method is aristin
approach developed by an American researcher $aaty
[20] and combines the elements of mathematics ayd p
chology [1, 5, 27]. It facilitates optimal choicesbe made
by experts from a particular industry who face ngditerial
decision making problems.

To achieve the goal of the study the involved grof
100 farmers who had to make decisions about thehpse
of a starting battery. They determined the detadetéria
considered by them, based on their knowledge apdrex
ence, to have essential impact on the purchassidecif-
terwards the detailed criteria were grouped inte key

ones whose number should, as the adopted methgdolo

assumes, oscillate between 5 and 9. The limitatiothe

number of criteria is the result of psychologicabperi-

ments which prove that a single criterion cannotcbm-

pared to more than 7+2 other criteria, since iedbles
their differentiation [20, 21]. In the next staggain based
on their knowledge and experience, the study ppatits
assigned each criterion of a determined numberoaitp
out of a 100-point scale

The provided evaluations constitute a comparisaa m

trix K,,, of N[N dimension, where stands for the num-

ber of all the compared criteria. They are arrangatsecu-
tively in the headlines of the matrix rows and cohs. Its
elements are evaluatiomg, put at the intersection point of
i-this row and-this column, the equation 1:

K1 K2 ... K Kn

K1l||a;=1 ap aj A

K2| an ax =1 asj asn

: : : :Knnr
Ki a; a;, gy =1 a,
Kol 8m ana Apj &nn :l_
. (1)

wherei,j=1,2, ..., n.

Every pairwise comparison matrix should meet the-c
dition 2:

=— 2)
wherei,j=1, 2, ..., n.

The procedure of the key criteria ranking defimities in
the column-based standardization of the mdfrjx = [aij J

K1 K 2 Kij Kn
K1l an=1 an aij am |
K2| ax az =1 azj azn
: : : : =K nn ,
Ki aii aiz aj =1 Qin
K nlL anl gnZ gnj gnn :1J
)
where: @; = ) (4)

n )
2.3
i=1
The next step is to determine the average sigmiie
value of the criteriaW , ; in every row of the standardized

matrix K _, as presented in the equation 5.

nn?

n
_ Z 3
Wkij =-2—,

®)
where:i, j=1, 2, ..., n.

As a result every above-mentioned criterion oletdins
r%any different significance valuegl kj as many farmers
took part in the study. This in turn requires tledimition of
the global valuew,; for the criteriorK;, as presented in the

equation 6:
n __
2 W
— =1
W =4, (6)

where: W, ; - a global significance afthis criterion,

V_VKij — partial value of-this key criterion assigned byja

this study participant,
n — the number of the study participants.

3. Results and discussion

The conducted studies provided the set of hieizedh
key criteria for the decision process concernirg ¢hoice
of a starting battery (Table 1). They include bothterial
and non-material aspects of decision process, wdveldi-
rectly or indirectly related to it. The order oktkey criteria
listed in the chart below and their symbols arelcan.

Table 1. The key criteria of the decision processcerning
the choice of a starting battery

Tab. 1. Kryteria gtéwne procesu decyzyjnego wylaku-
mulatora rozruchowego

Criterion symboKi Criterion name
K1 battery price
K2 battery size
K3 battery capacity (ah)
K4 battery start current (A)
K5 vehicle producer’s recommendation
K6 battery brand
K7 voltage (V) and pole placement
K8 service or seller's recommendation

and the matriK nn = [51 ] as presented in the equation 3: ) _
! Source: own work Zrodio: opracowanie wiasne
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The Table 2 presents the evaluation scoring ohtee  valuable criterion is K1, followed by K7, then bygually
archized key criteria for 5 randomly selected reslemts. evaluated K3 and K4, and finally there are K5, K8, as-
Based on their knowledge and experience, everydaas- sessed as the least important.
signed each criterion a determined number of pantsof The comparisons made based on the hierarchized sys
a 100-point scale. The value "0" was assigned ¢okdy tem of the adopted key criteria, partially presdnie the
criteria that were, in their opinion, inessentm@l the battery chart 3, allowed to create the pairwise comparis@trix.
selection process, whereas "100" was intended lier t The applied evaluation system is presented in &ider4.
choices made based on only one key criterion [16].

The individual evaluation scoring of the key cidesub- Table 4. The adopted scoring system for the pagrwism-
mitted by every farmer allows their hierarchizat{@able 3). parison process

Tab. 4. Przygta skala ocen procesu poréwnywania parami
Table 2. Evaluation scoring of the key criteriandiigance

Tab. 2. Punktowa ocena wasci kryteriow gtéwnych Sco(;_ezgange Evalulatlon
No Key criteria evaluation scoring 21-40 3
) K1 K2 K3 K4 K5 K6 K7 K8 41-60 5
R1 30 15 10 10 5 5 20 5 61-80 7
R2 30 25 10 0 15 0 15 5 81-100 9
R3 0 0 0 0 0 0 100 0 . A ;
R 20 20 20 5 5 5 ) 3 Source: own work Zrodlo: opracowanie wiasne
R5 15 0 20 15 15 0 25 10

Source: own work Zrodio: opracowanie wiasne The partial values of the hierarchized key critesignif-

icance (for 5 in 100 study respondents) are preseintthe

Table 3. The hierarchization of the key criteria Table 5. The number of significance values of eetteri-

Tab. 3. Hierarchizacja kryteriow gtéwnych on corresponds to the number of the study respasdear
No. Key criteria hierarchy the user i.dentified aR1the most importan_t is the criterion
R1 K155 K7 55 K2 >> K3 = K4 >> K5 = K6 = K8 K1 (significance value of 0.20), i.e. the price diatery. In
R2 K1>> K2 >> K5 = K7 >> K3 >> K8 >> K4 = K6 turn in the opinion of useéR3 the most important is the cri-
R3 K7 >>KL=K2=K3=K4=K5=K6=KS8 terionK7, i.e. voltage and poles placement.

R4 KL=K2=K3=K7>>K4=K5=K6 = K8 The use of the equation 6 allowed the determinadib
R5 K7 >> K3 >> K1 = K4 = K5 >> K8 >> K2 = K6 global values of the key criteria significance fioe starting

battery purchase decision, and the results areepted in
the figure 1. Voltage and poles placemd(i {s the criteria

o . . of the biggest global significance (0.26) whichyegi the
The sign "=" stands for an equal score in thedny . : .
of the analyzed key criteria, in turn the sign ">d€'scribes wiring systems construction, does not raise anybto8],

. . The least significance (0.11) is assigned to titeraon K5,
different scores they obtained. For the fariRérthe most i.e. vehicle producer's recommendation.

Source: own work Zrodlo: opracowanie wlasne

Table 5. The partial values of the key criterianfigance
Tab. 5. Wartéci wag czstkowych kryteriow gtéwnych

No Key criteria significance partial values

) K1 K2 K3 K4 K5 K6 K7 K8
R1 0.20 0.12 0.12 0.12 0.11 0.11 0.12 0.11
R2 0.18 0.18 0.12 0.09 0.12 0.09 0.12 0.09
R3 0.06 0.06 0.06 0.06 0.06 0.06 0.56 0.06
R4 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13
R5 0.12 0.11 0.12 0.12 0.12 0.11 0.17 0.12

Source: own work Zrodto: opracowanie wiasne

K7;0.26

\ K6;0.12

Source: own work Zrodio: opracowanie wiasne

Fig. 1. The key criteria significance values of tleeision process concerning the machinery parkemiaetion
Rys. 1. Wartéci wag kryteriow gtéwnych procesu decyzyjnego nidaciji parku maszyn
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4. Conclusion [10] Kaminska E., Kamiski T., SkarbekZabkin. A.: Aspekt
prawny recyklingu akumulatoréw kwasowootowiowych.
The conducted studies and their analysis showahat Logistyka - nauka, 2014, 2, 115-123. .
important factor affecting the battery purchaseisiet is [11] Kaminska E., Merkisz J.: The legal and environmentaéessp

: ; i : : of the automotive lead acid batteries utilisatinchives of
its price (significance value of 0.19). This camtgiproves Waste Management and Environmental Protection, 2042

low profitability of farms. As Szeb-Sikora and Wojciech 1.

[25] state, the financial aspect plays a key roléarming,  [12] Kaminska E., Skarbekabkin A.: Analiza ekobilansowa re-
and according to Rybacki and others [19] and Osaruth cyklingu zuytych akumulatoréw kwasowo-otowiowych.
others [16], decisions about technical equipmentimse Logistyka - nauka, 2014, 6, 5158-5167.

are predominantly conditioned by price. A verylditatten-  [13] Lootsma F.A.: The REMBRANDT system for multi-criteria
tion is paid to the battery capacity (0.1) andst&rt current decision analysis via pairwise comparisons or dirating.
(0.14), which can cause the change of the battemnk in Faculty of Technical Mathematics and InformaticselfD

" ; L e University of Technology, Delft, 1992.
the conditions of insufficient charge or overchargemis [14] Mikhailov L., Tzvetinov P.: Evaluation of servicesing a

matched battery acts to the detriment of a vehigling fuzzy analytic hierarchy process. Applied Soft Cotimy)
system and may lead to premature battery wear. &s K Journal. 2004. 5 23-33
minska and others [10], Karfiska and Skarbekabkin [12]  [15] Nowak M.: Preference and veto thresholds in muléida

confirm, worn out batteries are hazardous wastesdam- analysis based on stochastic dominance. Europeanalmf
age the environment. The selection of a proper-éedi Operational Research, 2004, 158, 339-350.

battery for an agricultural vehicle is the necgstit main-  [16] Osuch A., Osuch E., Rybacki P., Szulc R., Szwediak
tain both high machinery infallibility level and gd home- Selekcja i hierarchizacja kryteriow procesu decyegp mo-
stead economic condition, playing also an importalg in dernizacji parku maszyn gospodarstw rolnych metadP.

Logistyka - nauka, 2015, 5, 5188-5194.

[17] Pszczétkowski J., Dyga G.: Funkcja ngpa akumulatora
kwasowego. Logistyka - nauka, 2014, 3, 5347-5356.

[18] Roy B., Bouyssou D.: Aide Multicritere a la Décision:
Méthodes et Cas, Economica, Paris, 1993.
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