@ ISOMAse

Journal of Ocean, Mechanical and Aerospace

-Science and Engineering-
30" March 2021. Vol.65 No.1
© 2012 ISOMAse, All rights reserved

March 30, 2021

Design of a Multi-Functional Wheelchair Based Fuzzy

Analytical Hierarchy Process

Muhammad Nur Iksan ", Anita Susilawati 2

8 Mechanical Engineering Department, Universitas Riau, Indonesia

*Corresponding author: muhammad.nur3722@student.unri.ac.id

Paper History

Received: 06-January-2021
Received in revised form: 06-March-2021
Accepted: 30-March-2021

ABSTRACT

Wheelchairs are tools for humans who experience illness,
disabilities, and injuries that cause walking difficulties. There
are many types of wheelchairs on the market, while
wheelchairs that function to help users defecate flexibly have
not been widely sold in the market. Therefore, it is necessary
to develop a flexible and multifunctional wheelchair that can
assist the users in carrying out their activities. This study aims
to develop a design of the multifunctional wheelchair. The
designing of multifunctional wheelchair based the FAHP
(Fuzzy Analytical Hierarchy Process) method. The use of the
FAHP was to select the optimal design and selection of the
best alternatives among wheelchair’s indicators of design
proposed. The results of calculation of weight values for
wheelchair design were obtained a percentage of alternative 1
of 48% and alternative 2 of 52%.

KEY WORDS: Fuzzy Analytical Hierarchy Process,
FAHP, Multifunctional Wheelchair.

1.0INTRODUCTION

Various types and functions of wheelchairs are continuously
being developed to meet the activity needs of its users
(consumers). Subsequence, it is necessary to innovation a
product design for flexible, multifunctional wheelchair that
can help wheelchair users carry out activities [1]. The product
design starts from the many needs for the product, which are
identified by market demand [2]. The final product goes
through two main processes from concept creation to finished
product. The two processes are the product design and
development process.

Recently, several companies are facing pressure from
innovation to develop products with lower prices and good
quality [2]. In an effort to improve the quality and quantity of
a product to meet the needs and satisfy consumers, the
product design must utilize the means of production, workers,
and raw materials as much as possible, so that the resulting
product will be better [3]. However, in designing a product
may occurred the problems, which usually more subtle and
the process requires repetition [4]. There are some methods
may be used to meet the design criteria, such as the Analytical
Hierarchy Process, Fuzzy Analytical Hierarchy Process and
others. The analytical hierarchy process method, abbreviated
as AHP, is a method used to make a decision using factors of
logic, perception, knowledge, and experience. The AHP
method has been developed by a mathematician from the
University of Pittsburgh in the United States named Thomas
L. Saaty, in the 1970s [5-6]. Analytical hierarchy process
method is used for decision-making in solving a problem [7].
The analytical hierarchy process method also has
uncertainties, which results in weaknesses in the use of this
method. The FAHP method is a method that overcomes the
weaknesses and developments of the analytical hierarchy
process method [5-6]. Decision making is a process that is
always encountered in practical life [8]. So, the FAHP is
chosen in this paper to development the design process for
multifunctional wheelchair.

The manual wheelchairs at this time only have a function as
a tool to help carry out activities to one place or another.
According the research was conducted by [9], it aims to
identify the needs of people with paraplegia for wheelchair
products, and to design a wheelchair that suits to the needs of
paraplegics. Based on [9], the consumers needs for the
wheelchair such as a lightweight, non-slip wheels, easy to
turn, easy to find spare parts, easy to find frames, stable,
comfortable to use, easy to use and safety. The wheelchair
designed by [9] has the function of defecating, but the existing
design only has a potty, while the function for defecating
directly on the toilet seat does not exist. In this paper
objective is to improve the design a wheelchair in [9] using
the FAHP method. In a multifunctional wheelchair, users can
use it in their daily activities at the same time to make it easier
for users to defecate.
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2.0 METODOLOGI
2.1 Data Collection of Consumer Needs

The collecting data on consumer needs is the stage of data on
the needs for multifunctional wheelchair products to be
designed. Data collection on consumer needs has at least more
than 10 assessors [10]. The collection of consumer data was
taken in the Province of Riau. The assessment was spread to
the wheelchair users, nurses or families of wheelchair users.
The design of questionnaire consists of 6 indicators, namely:
a. Design indicators
- The wheelchair size fits the toilet seat
- Potty to defecate can be assembled
b. Flexible indicators
- Easy to operate
- Easy to assembling
¢. Usability indicators
- Easy to use
- Can be used on the toilet seat
d. Material indicators
- Easy to clean
- Made of strong material
e. Safety indicators
- Has atire cover
- Has a two-point seat belt
f. Aesthetic indicators
- Cylindrical frame shape
- Box frame shape

This data assessment employs a scale of 1 to 5, that is:

a = liked very much (value 5)
b = preferred (value 4)
¢ = ordinary (value 3)
d = less favorable (value 2)
e = disliked (value 1)

The assessment calculation formula [11]:

Percentage = (total score) / (ideal score) x 100%

(€))

Where:
Total score =scale1to 5
Ideal score = highest value x number of respondents

2.3 Decision Based FAHP

This stage is to choose a decisions using FAHP (Fuzzy
Analytical Hierarchy Process). In this research, the wheelchair
to be developed is a manual wheelchair that is commonly
used by many people. A manual wheelchair (standard) only
functions as a walker. So, the innovation of this
multifunctional wheelchair can be used for defecation as well.
In this study, a wheelchair standard was developed using the
FAHP method for selecting materials, and seating designs.
The users can feel the comfort and safety of using this
proposed wheelchair. The steps in the fuzzy-AHP method to
select the optimal design can be seen in Figure 1.
1. Determine the Weights Criteria
Determine the weight criteria of the wheelchair to be
designed and to obtain a level of importance in the
selection by comparing one interest with another, can be
seen in Table 1.

START

Distribution of Questionnaires [«

Create a matrix of pairs

>

Converting Matrix Value Into STFN Scale

v

Converting Paired Matrix Into Single Matrix

v

Defuzzyfikasi

v

Combining the Third Expert Matrix in One Matrix

v

Calculating the Weight Value

DONE

Figure 1: Fuzzy AHP Flowchart to Select the Optimal
Wheelchair Design

Table 1: Weights Criteria of the AHP Method [12]

Intensity Information Explanation
The two elements ~ Two elements have the
1 are equally same great influence on
important goals
One element is . .
. Experience and judgment
slightly more
3 - support one element more
important than the than another
other
One element is Experience and judgment
5 more important strongly support one
than the other element over another
One element is .
Experience and assessment
absolutely more
7 . are strongly supported and
important than the . - .
dominant seen in practice
other
One absqlute One element is preferred
element is .
9 over the comparison
preferred over
element
other elements
The values .
These values are given
between two
. when there are two
2,46,8 adjacent ises b h
consideration compromises between the
two options
values
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2. Create a Hierarchical Structure
The construction of hierarchical structure of the
multifunctional wheelchair design can be seen in Figure 2.

Multifunctional Whelchair

All

Aternatif 1 Altemnatif 2

Figure 2: Hierarchy Structure for Multifunctional
Wheelchairs

The hierarchical structure in Figure 2: the first level is a
parameter of a multifunctional wheelchair, namely: Al.
seat; A2. design components for defecation; A3. wheels;
A4. wheelchair displacement; A5. design for defecation;
AG6. frame material; A7. Safety. The second level of the
hierarchical structure in Figure 2 shows the sub-parameters
of the wheelchair. Then, it was construct the questionnaire
to obtain a level of importance in the selection of product
designs to be made by comparing one interest with another.

3. Distribute the questionnaire
The distribution of the questionnaire is intended for
experts, namely people who are experts in their fields to
select a criterion and assign a weight to the criterion. This
case, it gave to the 3 people who were experts in them
fields of design and manufacturing/production.

4. Create a pairwise comparison matrix
A pair-wise comparison matrix was filled with values
based on weights and criteria.

Table 2: Pair-wise Comparison Matrix [13]

Where:
CR = Consistency Ratio
Cl = Consistency Index
RI = Random Consistency Index
N = Number of Elements

The ratio index (RI) [12] can be seen in Table 3.

Table 3: Ratio Index

n 1. 2 3 4 5 6 7 8 9

Rl 0 0 08 09 112 124 132 14 145

6. Paired matrix values are converted into the STFN scale The
conversion of pair-wise comparison matrix into the TFN
scale [15] is shown in Table 4.

Table 4: STFN (Standard Trapezoidal Fuzzy Number) [15]
Precise

STEN Linguistic variable

score

1 (0,0,5,15,2) Equally important

3 (2,25,35,4) Weakly important

5 (4,4,5,5,5, 6) Essentially important

7 (6,6,5,7,5,8) Very strongly important

9 (8,8,5,9,5, 10) Absolutely important
2468 (x-1, x-0,5, x+0,5, Value between two

X+1) levels

A1 Az ... Al
A1 1 A . ALn
Az A2l 1 .. Az
Ay A Aip ... 1

5. Determining of Consistency Ratio (CR) value
The CR is a test to assess the consistency of the answers
to the questionnaire from the expert, if the CR value is >
0.1 then the distribution of the questionnaires is repeated.
The competency test is carried out with the following
equation [14]:

Amax—n
(==—"" @
__ priority weights
Amax = criterion weights (3)
CR=% &)

RI

7. Paired matrix is converted into a single matrix
The paired matrix conversion is converted into a single
matrix with equation [11]:

—_ — RY N2
d(Do,b2) = [b7 + b3 + L2tk 4 Lozl

'/
ba (b2 = by) + ba(bs — ba)| 5)

8. Defuzzification
The defuzzification is a fuzzy set value that will be
converted into a firm set value. The defuzzification steps
(Bij) [11,16] are as follows:
a) Calculating the value of Wi with the equation:

. S(BD)
Wi =—"-2_ 6
D) ®)

if S (Bi) = 0, then Wi = 1/ n, n = number of
respondents.

if S (Bi) #0, then

. S(BD)
Wi=sr oo

Where S (Bi) is the aggregate value of a single matrix
for each expert, it can be obtained by the following

equation:
S(Bi) = Yi-,d(B:, Bi) ™
d(B:,b;) = d(B,Bo) - d(B, Bo) ®)

b) Combining the values of the three experts into one
matrix using the following equation:

m;; = (WiA. Ay + WiB.Byy + WiC.Cyy) (9)
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c) Defuzzification value is calculated by the equation:

_ [mu+2my+2myz+my,
mij = [— (10)

6

9. Calculating the value of weight (W)
The value of weight (W) is the weight on each criterion
and can be obtained using the following equation [11]:

Average
the average number of rows

w =

(1)

10. Selection of the best alternative decision is made after the
final value obtained from each matrix. Therefore, based
on the final value received and the criteria for a
multifunctional wheelchair can be decided.

3.0 RESULT AND DISCUSSION
3.1 Results

1) Result of the Consumer Needs
The result of the assessment of consumer needs for
wheelchair is depicted in Figure 3. In Figure 3 is depicted
the highest percentage of each parameter of the material
aspect, which was easy to clean and made of strong
materials. Both of them have the same value of 86.67%.
The lowest percentage value is showed in the aesthetic
aspect of the cylinder frame shape with a percentage value

of 78.33%.
B Percentage % B Amount
g EB 38 633)3
]
-1 I——— /8,33
O A e 17
Z (o —3,33
=1
g xa — 51,67
g I—
5 52
- = I 86,67
S 2 M — o)
2 2 Gp — 167
: —
I 83,33
S O e 50
S 83,33
)
4
g I
2 - 83,33
& D s 1)
&y T 73,33

Figure 3: The Values Results of Consumer Needs Parameters

2. Wheel Chair Design
Based the percentage values of the customers need in step
1, the parameter for wheelchair design i.e. wheelchair size
fits to toilet seat, easy to use, easy to assemble, easy to
clean, made of strong material, has a two-point seat belt
and cylindrical frame shape. Then, there were two
wheelchair design alternatives, namely: alternative 1
(Figure 4) and alternative 2 (Figure 5). The alternative
design 1 was a seat cushion material in the form of foam

Panspot Unloading System with Clamps

Synthetic Leather Covered Foam Seat Material
Pispot Unloading System with sliding (drawer

@
and covered with cloth, the material for the pot that was
plastic, the shape of the pot was curved downward, and
potty installation wused the clamping system. The
alternative design 2, the seat cushion material was foam
and covered with synthetic leather, the material of the pot
was stainless steel, the shape of the pot was flat down and
the installation of the potty was by sliding system.

A Curved Down Pottery Shape
Plastic Pispot Materials

Fabric Upholstered Foam Holder

Bolted Wheel Mounting System
Aluminum Alloy Frame Material

Figure 4: Alternative Wheelchairs 1

Shape Flat Potties Down
Stainless Steel Pispot Material

Wheel Mounting System With clamps
Stainless Steel Frame Material

Figure 5: Alternative Wheelchairs 2

3. The Fuzzy-AHP Calculation Results

The hierarchical structure of the multifunctional
wheelchair consists of 7 parameters, namely: A. Seat, B.
Design components for defecation, C. Wheels, D.
Wheelchair displacement, E. Design for defecation, F.
Frame material and G. Safety. The results of data
processing from the questionnaire addressed to each
expert priority of weights can be seen in Table 5. The
values of weight parameters of wheelchair design can be
seen in Table 6. In Table 7 is shown the weight values of
sub-parameter of wheelchair design.
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Table 5: Expert Priority of Weights weight value is the seat parameter with a value of 0.172. The
Weight Weight Weight lowest value is the frame material parameter with a value of
Parameters values by values by values by 0.094. Therefore, the standard wheelchair would be modified
expert 1 expert 2 expert 2 the seat parameter.
A 0,09 0,26 0,17 After obtaining the weight parameter value, then the sub-
B 0,28 0,09 0,06 parameter weight value is calculated. From the weight value
C 0,07 0,25 0,17 results in Table 7, in the seat parameter, which the highest
D 0,15 0,06 0,19 sub-parameter weight value on the seat size, with a value of
E 0,22 0,09 0,07 0.631. The lowest sub-parameter of weight value is the seat
F 0,05 0,11 0,12 thickness with a value of 0.138. In the parameter of the design
G 0,12 0,15 0,23 component for defecating, the highest weight value is the
shape of the potty with a value of 0.364 and the lowest in the
Table 6: The Weight Parameter Values potty depth with a value of 0.282. In the wheel parameter, the
Parameter Weight highest weight value is wheel size with a value of 0.443 while
Seat 0,172 the lowest sub-parameter value is the type of wheel with a
Design components for defecation 0,165 value of 0.194. In the parameter of the highest weight value,
Wheels 0,125 wheelchair displacement is the ease of positioning the
wheelchair displacement 0,135 wheelchair to the toilet seat with a value of 0.790 while
Design for defecation 0,152 transporting a wheelchair with a value of 0.209. In the design
Frame of material 0,094 parameters for defecating (defecating) the highest weight
Safety 0,155 value is the installation of a potty unloading system with a
value of 0.739 and the lowest with a value of 0.261. In the
Table 7: The Weight of Sub-Parameter Values material parameter, the highest weight value is stainless steel
Weight of with a value of 0.531, while aluminum alloy with a value of
Sub Parameter Sub- 0.468. The safety parameter, the highest weight value is a
Parameter vyheelchair has a seat belt with a value of 0.794, while on the
Seat tire cover with a value of 0.202. _ )
Seating size 0631 'I_'he _flnal p_ercentage value of wheel_chalr alternatives,
Mount material 0’230 which |s_the final value of each alte_rnatlve parameter and
Holder thickness 0’138 wheelchalr sub-paramet_er, can be seen in Table 8. The highest
Design components for defecate ' alternatlv_e percentage is alternative 2 with a percentage of
A potty f 0.364 52%, which is influenced by the seat parameter with the seat
potty form ' size sub-parameter. The alternative 1 is the lowest with a
A potty depth 0,282 percentage value of 48%. Based on the results of each
A potty material 0,352 parameter value and sub-parameter in the comparison
Wheels between alternative 1 and alternative 2, is combined to
Wheel type 0,194 improve the existing design. The highest sub-parameter value
Wheel size 0,443 for both alternatives is adopted to make the optimal
Wheel unloading system 0,361 wheelchair design. The result of proposed wheelchair based
Wheelchair displacement FAHP method is illustrated in Figure 9.
Ease of positioning the wheelchair on the
: 0,790
toilet seat
Ease of transporting a wheelchair 0,209
Design for defecation
A potty to defecate used unloading system 0,739
Can be used on toilet seats 0,261
Material
Aluminum alloy 0,468
Stainless steel 0,531
Safety
Wheelchairs have wheel cover 0,202
Wheelchairs have seat belts 0,794

Table 8: Percentage of Alternative Wheelchairs Design
Alternatives to

No wheelchair design Percentage
1 Alternative 1 48 %
2 Alternative 2 52 %

3.2 Discussion

The wheelchair proposed design is determined from the ] _ ) .
assessment of the highest alternative weight value. The values Figure 9: The Result of Wheelchair Design based FAHP
of weight parameter can be seen in Table 6. The highest Method
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Seat frame connector on wheelchair
Mounting frame

Foam holder

Potty component

Wheelchair frame

Wheel

Bolt and screw size M10

Bolt and screw size M8

Cup Nuts M8

Cup Nuts M10

SBoo~NoorwNE

4.0 CONCLUSION

The designing of multifunctional wheelchair based the FAHP
(Fuzzy Analytical Hierarchy Process) method is proposed in
this paper. The FAHP method can be implemented in
determining the optimal multifunctional wheelchair design.
The steps design in this paper are to create a hierarchical
structure, determining the weighted value parameters,
distributing questionnaires, making pair-wise comparison
matrices, determining the CR value of each expert, changing
the matrix value into the STFN scale, changing the paired
matrix to single matrix, calculate the defuzzification value,
calculate the weight value. The result revealed the highest
weight value is the seat parameter value of 0.172 and
alternative 2 design. Finally, the highest sub-parameters value
for both alternatives is adopted to make the optimal
wheelchair design.
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