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Abstract. The product design and development process involve several phases
that are implemented systematically to ensure the product is successful and meets
consumer needs. One of the important stages in this process is the selection of
product design concepts, which aims to determine the most appropriate design
concept. The purpose of this paper is to develop a design concept selection
method using the Mamdani Fuzzy Inference System (Mamdani FIS) to overcome
the ambiguity and uncertainty that often arise during the evaluation and
assessment process. The method is applied to select the most appropriate rice
seedling planter design concept for further development. Four rice seedling
planter concepts were evaluated and selected based on a set of criteria. This study
resulted in a rice seedling planter design concept with a suitability score of 7.32,
which is the highest score among the other concepts, making it the best concept
for further product development. Furthermore, based on the final score of each
concept, one concept is categorized as fair, while the other three concepts are
categorized as good. The impact of this research is that the use of Mamdani FIS
enables designers to manage subjective and hard to measure data more effectively
and efficiently, ultimately supporting more accurate and reliable decision making
in the product design concept selection process.
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1 Introduction

In the product design and development process, the product concept selection is one of
the most crucial steps because it has a significant impact on the success of the product
being developed. The product concept selection step is usually part of the concept
development phase and occurs before the system level design and detail design phases
are carried out. Its objective is to select the concept that most satisfies a set of defined
criteria. The selection criteria may include technical requirements, user preferences,
and manufacturing cost. Product concept selection involves evaluating multiple
competing concept design alternatives under conditions of uncertainty, imprecision,
and subjectivity. Traditional concept selection methods, such as the Pugh Matrix and
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Weighted Scoring Models, have limitations in handling the vagueness of qualitative
judgments. To overcome this, recent studies emphasize the integration of fuzzy set the-
ory, which hasbeen developed and adoptedto support more informed, transparent, and
rationaldecision-making.

Fuzzy theory is a branch of mathematicallogic developed by Lotfi A. Zadeh. Unlike
classical binary logic that only recognizes true or false values, 0 or 1, fuzzy theory
allows a value to be between 0 and 1 and allows linguistic variables (e.g., high, medium,
"low") to be represented and analysed mathematically. This makes fuzzy theory very
suitable for representing uncertainty, ambiguity, and linguistic reasoning that often
arise in real life.

One of the frameworks or systems that uses fuzzy theory is the Fuzzy Inference Sys-
tem (FIS). Based on the concept of fuzzy set theory, FIS uses linguistic variables and
rule-based logic that is similar to human [1]. This advantage makes FIS very good at
solving problems where assessment is difficult to measure formally, or where the be-
haviorofthe system is too complex orpoorly understood to be modeled conventionally.

This study aims to implement FIS in the concept selection stage to enable a more
objective and comprehensive evaluation of the selection process. As a case study,a
structured of FIS was applied to the selection of rice seedling planterconcept design to
determine the most suitable concept for further development.

2 Literature Review

2.1  Product Concept Selection

Selecting a product conceptis a crucial step in developing a new product, as it requires
selecting the most promising concept from several alternatives. At the selection stage,
all concepts must be carefully evaluated based on criteria, such as technical require-
ments, consumerneeds, and manufacturing costs.

The evaluation process requires a systematic approach to ensure that the concept to
be further developed is the best, thereby reducing the product development failure and
investment losses. Various selection methods have been developed, ranging from tra-
ditional to non-traditional. One of the most widely applied traditional methods is the
Pugh matrix, which canbe used for selection by qualitatively comparingthe strengths
and weaknesses of conceptsbased on a set of criteria. As an example, for application,
the Pugh matrix was used to evaluate surgical aid design solutions [2]. The more ob-
jective evaluation than the Pugh matrix is the weighted scoring method in which eval-
uation is conducted based on a set of criteria, and each criterion is given a weight or
importance level [3].

Another widely used traditional method is the Analytic Hierarchy Process (AHP),
which canbe used to determine criteria weights and concept scores by first decompos-
ing a complex problem into a hierarchical structure and conducting pairwise compari-
sons [4]. The Quality Function Deployment (QFD) method is also frequently applied.
In QFD, customer needs are linked to technicalrequirements through the construction
ofa House of Quality matrix to select the concept that best aligns with customers’ needs

[5].
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To overcomeuncertainty and ambiguity during the evaluation and assessment pro-
cesses, recent research hasapplied fuzzy logic and MCDM methods, forinstance is the
research that combines Fuzzy Logic and AHP [6]. Another example is the research
which integrating Fuzzy Analytic Network (Fuzzy ANP) and Preference Ranking Or-
ganization Method for Enrichment Evaluation (PROMETHEE) [7] for the assessment
and selection of design concepts.

2.2 Fuzzy Inference System (FIS)

FIS hasbeen developed asan effective approach forprocessing ambiguous and uncer-
tain information. FIS has been applied in various fields such as control systems,
healthcare, energy and stock market modelling [8-11].

In product design and development fields, FIS integrated with AHP was used for
evaluating new product design alternatives [12]. Garcia et al. proposed FIS to model
qualitative data such as delivery, price, and reliability relevant to concept feasibility
assessment and supplier-related design decisions in product design [13]. FIS was ap-
plied to model individual differences in design perception in Kansei engineering con-
texts [14].Fuzzy inference was applied to translate physician opinion into prioritized
design improvements, affecting design aspects such as user interface, reliability, and
component integration in the redesign of a hip-replacement surgery aid device [15].

3 Method

3.1 Mamdani Fuzzy Inference System

A fuzzy inference system (FIS) applies fuzzy set theory to relate inputs to correspond-
ing outputs. There are several types of Fuzzy Inference System (FIS) based on the in-
ference mechanism used. Among those types of fuzzy inference systems, the Mamdani
type FIS is one of the most commonly used, because Mamdani FIS have more intuitive
and easierto understand rule bases, making they are suitable for expert system applica-
tions where the rules are created from the knowledge of human experts. Other types of
FIS include Sugeno FIS and Tsukamoto FIS [16]. The MamdaniFIS process involves
the 4 major steps: fuzzification, rule base, inference engine and defuzzification as
shown in Fig. 1.

Rules Base

{

r N
Inference .
i Fuzzification Defuzzification |:> Crips Ouput
Crips Input E>[ }:> Engine I:>[
N\ J

Fig. 1. Architecture of Mamdani FIS.
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Fuzzification is the process of converting crisp numericalinputs into fuzzy sets. This
is performed using membership functions that define the degree of membership of each
input to linguistic labels (e.g., “Low,” “Moderate,” “High”) [17]. Types of membership
functions (MF) dependingof the shapesofcurveare: Triangular MF, TrapezoidalMF,
Gaussian MF, Generalized Bell MF, Sigmoid MF, n-Shaped [18].

Triangular and trapezoidal fuzzy numbers are preferred because of their ease of use
in operations. A fuzzy numberA is a triangular fuzzy number (TFN) thathasparame-
ters (I, m, u) where [, m, u are the lower, middle and upper limit values respectively, if
its membership function x4 (x) hasthe following characteristics.

Jdfm<x<u
u—m

0,if otherwise )

The rule base consists of [f-Then rules constructed using linguistic variables. Each
rule describes a fuzzy relationship between input and output variables. These rules are
expressed using fuzzy logic operatorssuch as AND (min), OR (max),and NOT (com-
plement)[19].The inference engine evaluatesallapplicable rules based on the fuzzified
inputs. In Mamdanisystems, the min operator is commonly used for AND operations,
and max to aggregate the output ofall rules.

The fuzzy outputs from each rule are combined into a single fuzzy set through ag-
gregation. The aggregation process involves unifying the outputs of all fired rules into
one fuzzy set on the output domain [19] Since Mamdani FIS generates a fuzzy set out-
put,it needs to be converted into a crisp numerical value through defuzzification. Com-
mon defuzzification techniques include: Centroid Method (Center of Gravity), bisector
method, Mean of maximum, and Smallest/largest of maximum.[20].

4 Results and Discussion

4.1  Product Concepts

In this paper fuzzy inference system (FIS) is used forevaluatingand selecting the prod-
uct concepts of the rice seedling planter manualtool [21]. A rice seedling planteris a
mechanicalormanualtoolused to plantrice seedlings in a field. It’s designed to reduce
the labourand time required compared to traditionalhand planting, and to improve the
uniformity and efficiency of plantingrice. There are fouralternatives product concepts
to be evaluated: Concept 1, Concept 2, Concept 3 and Concept4, thathavetobe eval-
uated and selected as shown in Fig. 2.

Based on a review of the literature and customer needs a set of selection criteria is
developed forevaluatingthe concepts. Each concept is evaluated against each criterion
to determine the suitability of the concept, whether the conceptis very poor, poor, fair,
good, or very good to proceed to the next development stage.
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Fig. 2. Product concepts.

4.2  Develop a Mamdani Fuzzy Inference System

In developing the Mamdani FIS, the input and output variables were initially identified
[22]. There are five input variables defined based on predetermined selection criteria
and one output which is the rating of concepts. The input variablesare ease of use, ease
ofhandling, plantingsetting, ease of manufacture,and portability, while the output var-
iable is the suitability ofthe concept.

Variable degrees are often described through subjective value judgmentsratherthan
precise numericalvalues. As a result, to incorporate the linguistic variablesinto a fuzzy
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system, they need to be represented using fuzzy subsets and corresponding membership
functions [17].

Each input variable is divided into three categories: difficult, moderate and easy,
while the output variable is divided into five categories: very poor, poor, fair, good, and
very good. To define the fuzzy membership functions for inputs and output variables,
the triangular membership functions are used. The triangular membership function of
inputs and output can be seen in Tables 1 to 6. MatlabR2014 software display of trian-
gular membership function for input variable ease of use is shown in Fig. 3.

Table 1. MF of ease of use and its categories.

Membership Category .
M
Function of Ease of use caning
[112.5] Difficult Concept is complex and difficult to operate
[234] Moderate Concept require some learning and effort to operate
(355 5] Fasy Concept is simple to learn and operate with minimal

effort

Table 2. MF of ease of handling and its categories.

Category of
Membel: ship Ease of han- Meaning
Function dling
[112.5] Difficult Concept is complex and difficult to handle
[234] Moderate Concept requires some learning and effort to handle
[3.555] Easy Concept is simple to learn and handle with minimal
effort

Table 3. MF of ease of planting setting and its categories.

Cat f Scal
Membership Func- a egory.o cale .
X of Planting set- Meaning
tion .
ting
[112.5] Difficult Concept is complex and difficult to set
[234] Moderate Concept requires some learning and effort to set

[3.555] Easy Concept is simple to set with minimal effort
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Table 4. MF of Ease of ease of manufacture and its categories.

Memb.ershlp Category of ease Meaning
Function of manufacture
[112.5] Difficult Concept is difficult to manufacture
[234] Moderate Concept is reasonable degree of effort to manufac-
ture
[3.555] Easy Concept is easy to manufacture

Table 5. MF of Ease of ease of manufacture and its categories.

t f
Membership Category o .
. Ease of porta- Meaning
Function .
bility
[112.5] Difficult Concept requires effort or difficult to transfer
[234] Moderate Concept is reasonable degree of effort to transfer
[3.555] Easy Concept is easy to transfer
Table 6. MF of ease of concept suitability and its categories.
M hi f t suitabil-
emb.ers ip Category o .concep suitabi Meaning
Function ity
[11.53] Very Poor Concept has to be abandoned
[2.53.55] Poor Concept has many weaknesses
[4.55.56.5] Fair Concept has a few weaknesses
[6 7.58.5] Good

Concept has a few minor weak-
ness
[89.510] Very good Concept is desirable to develop
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Fig. 3. Membership function for input variable ease of use.
Table 7. The judgments of the decision maker.
Selection Criteria
Concept Ease of Ease of Planting Ease of manufac- .
. . Portability
use handling setting ture
1 3 3 3 3
2 2 5 3.5 2.5
3 3 4.5 3 4.5
4 4.5 4 3 3

Once the fuzzy membership functions were established for each criterion, the next
step involved defining the If-Then rules forthe inference system. In the selection con-

cepts of rice seedling planter, 35 If-Then rules are formulated and applied. Some of

the rules are asfollows:

1. If (Ease of Use is Difficult) and (Ease of Handling is Difficult) and (Planting Set-

ting is Difficult) and (Ease of Manufacture is Difficult) and (Portability is Diffi-

cult) then (Suitability is Very Poor)

2. If (Ease of Use is Moderate)and (Ease of Handling is Moderate)and (Planting
Setting is Moderate) and (Ease of Manufacture is Moderate) and (Portability is

Moderate) then (Suitability is Fair)

3. If (Ease of Use is Easy) and (Ease of Handling is Easy) and (Planting Setting is

Easy) and (Ease of Manufacture is Easy) and (Portability is Easy) then (Suitability

is Very Good)

The formation of rules is made with the help of MATLAB software and theresults are

shown in Fig. 4.

The rule viewers thatshow the values of the inputs and the corresponding com-

puted output are presented in Fig. 4.
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Fig. 4. Rules for FIS.

From the rule viewers, concept 3 received the highest suitability score among the
other conceptsand is categorized as good. This indicates that concept 3's development
will proceed to the next phase of the product design and development process (see Fig.
5). Table 8 shows the suitability scores for each concept and its suitability category.

| B Rule Viewer: SuitabilityFIS — [m] X

File Edit View Options

EaseOfUse = 3 Ease0 ing = 4. i ing Edse0 =4 =45 ity = 7.32

BIBHEORISEONTNE L

ot reeresen [Potsoms o1 |ore et | o aown]_uo ||

|omeuymmsuuuyrs,3snuu “ Mo | cose ||

Fig. 5. Rules for FIS.
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Table 8. The judgments of the decision maker.

Concept Suitability score Suitability
1 7.29 Good
2 5.5 Fair
3 7.32 Good (develop)
4 7.29 Good

From Table 8, it can be seen that concept 3 obtained a score of 7.32, concepts 1 and
4 each obtained a score of 7.29, while concept 2 obtained a score of 5.5. Referring to
Table 6 as a reference, it canalso be seen from Table 8 that the suitability of concepts
1, 3, and 4 is included in the good category, while concept 2 is included in the fair
category.

5 Conclusion

A MamdaniFuzzy Inference System (FIS) method was applied in this study for select-
ing the mostsuitable design concept. FIS hasthe ability to effectively manage the un-
certainty, imprecision, and subjectivity of input that commonly occurin the design con-
cept selection process. Moreover, in FIS the expert preferences can be integrated into
the decision-making process when designing membership functions for variables.
Compared with traditional methods that require precise input data, FIS is also more
efficient in the evaluation process by using If-Thenrules to determine the best design
concept.

In this study MamdaniFuzzy Inference System was implemented in the process of
selecting the concept of rice seedling planterto determine the most suitable design con-
cept to develop further. The FIS-based approach to concept selection demonstrated in
this study is not restricted to the design of rice seedling planters and can be effectively
applied to concept selection in fields beyond agriculture. In the design of agricultural
tools, where uncertainty significantly influences the system’s behavior, integrating ex-
pert knowledge into FIS can help manage incomplete information and minimize the
risk of makinginaccurate decisions when determining the most suitable design concept.

This study utilized five equally weighted selection criteria to evaluate the concept.
Future research could consider incorporating additionalselection criteria, such asdura-
bility and manufacturing cost. Moreover, to assign the weights of the selection criteria,
future studies could explore integrating FIS with multicriteria decision-making meth-
ods like the Best-Worst Method (BWM) and the Analytic Hierarchy Process (AHP).
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