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PREFACE 

It is our great honor and pleasure to introduce the Proceedings of the 3rd 

International Conference on Informatics, Engineering, Science, and Technology 

(INCITEST 2020). The event is valuable and meaningful since it brings together 

scientists, engineers, researchers, practitioners, students, and civil society 

organization representatives to nurture research networks between universities and 

industries. With its main theme on “Humanized Technology, the Digital Journey to 

Win Competition”, this event is expected to serve as a platform of gathering for 

anyone interested in exploring potential solutions and answering issues and 

challenges to enter the 5.0 society. Amid the worldwide spread of the novel 

coronavirus (COVID-19) and the uncertainty surrounding the end of this pandemic, 

there are several issues we should describe as follows: 

1. Universitas Komputer Indonesia (UNIKOM) as the organizer of INCITEST 

2020 will hold the conference on 11th June 2020 in an online or virtual 

format. The organizing committee will manage the conference from our 

campus which is located in Bandung, West Java Province, Indonesia. 

2. In this correlation, we should adhere to the regulation of the government of 

West Java Province and the government of the Republic of Indonesia which 

currently is implementing Large-Scale Social Restrictions to reduce the risk of 

virus transmission. Therefore, the online conference is considered the best 

way we can do to serve our participants concerning the fact that people 

safety is second to none. In this condition, there is no specific date deemed 

safe to which we could postpone the conference until either worldwide travel 

or crowd-gathering is safe again. We have all put so much effort in preparing 

the papers, organizing the event, as well as conducting the review process, 

working on the program, and everything surrounding it that we feel very 

motivated to pull this through 

3. The conference is divided into two sessions: plenary and parallel sessions. In 

the plenary session, we will use zoom as the media. Besides, to assure the 

dissemination of the conference to all participants, we will also broadcast the 

plenary session live using Open Broadcaster Software (OBS) connected to 
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YouTube live streaming and IG TV.  Moreover, we will use live chat on 

YouTube and Google forms for the discussion session. 

4. The plenary session will be chaired by one moderator who will not only be 

critically summarizing the keynote presentations but also handling 

participants’ enthusiasm in asking any possible questions. In doing so, the 

participants will be following the conference at their respective personal 

corners through YouTube live streaming and IG TV. 

5. The plenary session will be presented by our keynote speakers in online 

format (via Zoom) from each country such as Prof. Abdulkareem from 

Malaysia, Prof. Yuto Lim from Japan, and Irfan Dwi Sumitra, Ph.D. from 

Indonesia. Each keynote has 45 minutes duration including the discussion 

session.  

6. Following the success of INCITEST 2018 and 2019, the enthusiastic 

responses to the call-for-papers in the third INCITEST were increasing. More 

than 450 papers were submitted to the organizing committee from both local 

and foreign participants.  A peer-review process has been conducted to all 

the articles based on their originality and quality, resulting in 347 accepted 

papers to be presented.  

7. Of 347 accepted papers, 216 of them will be presented via Zoom in the 

duration of 10 minutes for each paper. Additionally, 129 papers will be 

displayed in the poster session (the link of the posters will be available on 

the INCITEST website). 

8. The parallel session will be divided into 10 classes; each class will be 

participated by around 21 to 22 presenters. A parallel session chair will 

manage the presentation time and discussion session in each class. Each 

presenter should present their paper within 5 minutes via Zoom. 5 minutes 

after the presentation will be given to each of them for the discussion 

session. 

We hope that with the above arrangement, we can serve our participants in the 

best way we could. The conference's success is also due to the hard work of all 

involved parties. Therefore, the organizing committee would like to express 

appreciation to all supporters, sponsors, and participants for a great contribution to 
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the conference's success.  Many thanks go as well to all of the reviewers who 

helped us maintain the quality of manuscripts included in the Proceedings published 

by IOP. We also express our sincere thanks to the members of the organizing team 

for their hard work. 

Finally, our continuing success of this conference series can be one of indicator that 

we have through our right pathway to realign technology with the best interests of 

humanity. We hope this first time experience of the online conference in the 3rd 

INCITEST will bring fruitful outcomes as well as give the participants great 

experience in an online conference. 

 

Thank you 

 

Best Regards, 

Dr. Poni Sukaesih Kurniati, S.IP, M.Si. 

The Chief of the Conference  
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Abstract. The aim of this paper is to develop a multi-criteria decision making based on the 

Fuzzy Analytical Hierarchy Process (Fuzzy AHP) to select the best maintenance strategy for a 

spinning mill industry. The maintenance process can enhance reliability, quality of the 

products, cost, and other aspects. Therefore, the selection of appropriate maintenance strategies 

is a critical issue for manufacturers. Fuzzy AHP approach is proposed as the selection problem 
includes uncertainties and difficulty in evaluating alternatives and criteria with definite 

expressions. The process of decision making involves the comparison of three alternatives of 

feasible maintenance strategy which are corrective maintenance, periodic maintenance, and 

predictive maintenance. Each alternative is evaluated against criteria according to the priorities 

of the decision-makers. The criteria are feasibility, cost, reliability, safety and production 

quality. The result shows that reliability is the most important criterion with the weight of 

0.309, followed by safety (0.235), quality (0.193), cost (0.190), and feasibility (0.074). Periodic 

maintenance has the highest alternative with a total score of 0.423 and it is ranked first, 

predictive maintenance is ranked second with a score of 0.355, and corrective maintenance has 

the lowest rank with a score of 0.222. According to the results, periodic maintenance is chosen 

as the best maintenance strategy. Finally, the proposed method is successfully applicable in 

maintenance strategy selection. 
 

1.  Introduction 

In today’s competitive manufacturing environment, maintenance plays a significant role in production 

activities. Maintenance is the set of all activities meant to keep a system into a condition where it can 
perform its function [1]. Machine failure may cause various business problems such as failure to meet 

delivery dates, poor product quality, loss of industrial reputation, loss of profit and opportunity [2]. 

The selection of appropriate maintenance strategies is an important task for a manufacturing firm as a 

maintenance strategy can highly affect the manufacturing expenditures. Maintenance costs can reach 
15 to 70 percent of total production costs, varying according to the type of industry [3].   

A large number of studies have been devoted to select a maintenance strategy. In the literature, 

Muinde et al proposed the Analytical Hierarchy Process (AHP) for selecting maintenance strategy in 
the cement industry [2], while Bevilacqua and Braglia have described an application of AHP for 

selecting best maintenance strategy in an oil refinery industry [3]. Shyjith et al and Kirubakaran 

described the use of a combination of AHP and Technique for Order Preference by Similarity to Ideal 
Solution (TOPSIS) to select an optimum maintenance strategy [4,5]. Narges Hemmati et al proposed a 

fuzzy-ANP approach [6] while Mahdi Bashiri et al proposed a fuzzy interactive linear assignment 

method for selecting maintenance strategy [7].  

mailto:*gabriel.sianturi@email.unikom.ac.id
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The purpose of this paper is to focus on the use of Fuzzy Analytic Hierarchy Process (Fuzzy AHP) 

method to select the best maintenance strategy for a spinning mill company and help decision-makers to 

select the best one. Fuzzy AHP is the extension of the Analytic Hierarchy Process. By using Fuzzy 

AHP, the uncertainty and imprecision associated with the decision maker’s perception in the 

conventional Analytic Hierarchy Process can be reduced. 

2.  Method 

Fuzzy Analytic Hierarchy Process (Fuzzy AHP) method is the combination of the Analytic Hierarchy 

Process (AHP) and the fuzzy set theory. The Analytic Hierarchy Process (AHP) was firstly proposed 

by Thomas Saaty [8] has been widely used to solve various multiple criteria decision-making 
problems. However, due to vagueness and uncertainty in the decision maker's judgment, AHP may be 

unable to accurately capture the decision maker's judgment. Therefore, fuzzy logic is introduced to 

reduce the vagueness and uncertainty in conventional AHP and to give a more accurate description of 
the decision-making process [9].  

Fuzzy AHP has been widely applied in the various field for solving Multi Criteria Decision Making 

problems. For example, Fuzzy AHP was applied for the evaluation and selection of a supplier for a 

gear motor company [10], for the selection of alternative concepts in the conceptual design phase 
[11,12], etc. In Fuzzy AHP the linguistic variables used for the judgment of comparison values are 

expressed into fuzzy numbers. Linguistic variables are variables whose values are not numbers but 

words or sentences from a natural language. A linguistic variable is generally decomposed into a set of 
linguistic terms (e.g low, high). Fuzzy numbers are a fuzzy subset of real numbers, representing the 

expansion of the idea of the confidence interval [13]. In this study for computational simplicity, 

triangular fuzzy numbers are adopted to characterize the membership function. Triangular fuzzy 

numbers can be denoted by 𝐴̃ = (𝑙,𝑚, 𝑢), where l, m and u stands for lower, middle and upper value, 

respectively, of the fuzzy number 𝐴̃. 

A fuzzy number 𝐴̃ on R would be triangular fuzzy numbers if its membership function 𝜇𝐴̅(𝑥): 𝑅 →
[0,1] is equal to: [13] 

 

𝜇𝐴̅(𝑥) = {

(𝑥 − 𝑙)/(𝑚 − 𝑙), 𝑙 ≤ 𝑥 ≤ 𝑚

   (𝑢 − 𝑥)/(𝑢 − 𝑚),𝑚 ≤ 𝑥 ≤ 𝑢 
                           0,   𝑥 < 𝑙, 𝑥 > 𝑢

       (1) 

 

2.1.  The steps of Fuzzy AHP 
The steps of Fuzzy AHP for selection maintenance strategy are as follows: 

 

Step 1: Forming a committee of decision-makers 
A committee of decision-makers from the staff of the company is formed.  

 

Step 2: Determining selection criteria and the alternative maintenance strategies 
The decision-makers determine the alternative maintenance strategies and the selection criteria  

 

Step 3: Constructing hierarchy structure 

At this step, the decision problem is decomposed into a hierarchy. The top-level of the hierarchy 
represents the overall goal that is to choose the best maintenance strategy, the intermediate level 

represents the selection criteria affecting the decision, and the bottom level represents the 

alternative strategies. 
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Step 4: Identifying linguistic variables 

The linguistic term and linguistic variable are expressed using a triangular membership function. 
The linguistic terms and corresponding triangular fuzzy numbers are given in Table 1 [10] 

 

Step 5: Comparing the selection criteria or alternative strategy 
Decision-makers compare the selection criteria via linguistic terms shown in Table 1. 

 

Table 1. Linguistic terms and triangular fuzzy number 

Saaty’s 

scale 
Linguistic terms 

Triangular fuzzy 

numbers 

1 Equally important (1,1,1) 

3 Moderately important (2,3,4) 

5 Strongly important (4,5,6) 

7 Very Strongly important (6,7,8) 

9 Extremely important (9,9,9) 

2  (1,2,3) 

4 Intermediate values (3,4,5) 
6  (5,6,7) 

7  (7,8,9) 

 

Step 6: Constructing pairwise comparison matrix 

Pairwise comparison matrix Ãk is shown in equation (2), ãij
k  indicates the kth decision maker’s 

preference of ith criterion over jth criterion via triangular fuzzy numbers [10]. 

    𝐀̃𝐤 =

[
 
 
 
 𝐚̃𝟏𝟏

𝐤 𝐚̃𝟏𝟐
𝐤 … 𝐚̃𝟏𝐧

𝐤

𝐚̃𝟐𝟏
𝐤 𝐚̃𝟐𝟐

𝐤 … 𝐚̃𝟐𝐧
𝐤

⋮
𝐚̃𝐧𝟏

𝐤
⋮

𝐚̃𝐧𝟐
𝐤

⋮
𝐚̃𝐧𝐧

𝐤 ]
 
 
 
 

    (2) 

Step 7: Aggregating of group decisions 

For aggregating group decisions, the geometric mean is used as equation (3):   

 

𝑙𝑖𝑗 = (∏ 𝑙𝑖𝑗𝑘
𝐾
𝑘=1 )

1/𝐾
, 𝑚𝑖𝑗 = (∏ 𝑚𝑖𝑗𝑘

𝐾
𝑘=1 )

1/𝐾
, 𝑢𝑖𝑗 = (∏ 𝑢𝑖𝑗𝑘

𝐾
𝑘=1 )

1/𝐾
        (3) 

where ( 𝒍𝒊𝒋𝒌, 𝒎𝒊𝒋𝒌, 𝒖𝒊𝒋𝒌 ) is the fuzzy evaluation of decision-makers k (k=1,2,3,....,K) 

Step 8: Updating pairwise comparison matrix 

New pairwise comparison matrix is obtained as equation (4) 
 

𝐀̃ = [

ã11 ã12 … ã1n

ã21 ã22 … ã2n

⋮
ãn1

⋮
ãn2

⋮
ãnn

]                                                   (4) 

Step 9: Calculating fuzzy weight of criteria 

The fuzzy weight matrix is calculated by Buckley’s geometric mean method [14] 

The geometric mean of fuzzy can be calculated by using equation (5):  

𝑟̃𝑖 = (∏ 𝑎̃𝑖𝑗
𝑛
𝑗=1 )

1

𝑛  , for all i     (5) 

 

Where  𝑟̃𝑖 is the geometric mean of fuzzy comparison values of criterion i to each criterion. 
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Fuzzy weight 𝑤̃𝑖 of the ith criterion indicated by a triangular fuzzy number is as follows : 

𝑤̃𝑖 = 𝑟̃𝑖 ⊗ (𝑟̃1⨁𝑟̃2⨁…⨁𝑟̃𝑛)−1      , i= 1,2, …,n                             (6) 

      𝑤̃𝑖 = (𝑙𝑤𝑖  , 𝑚𝑤𝑖  , 𝑢𝑤𝑖) 

Where 𝑙𝑤𝑖 ,𝑚𝑤𝑖 , 𝑢𝑤𝑖 stands for the lower, middle, and upper values of the fuzzy weight of the ith 

criterion. 
 

Step 10: Defuzzyfication 

Since fuzzy weight, 𝑤̃𝑖 are still fuzzy numbers, 𝑤̃𝑖  has to be defuzzified into crips numbers by 
using the Center of Area method as follows : 

 

𝑤𝑖 =
𝑙𝑤̃𝑖+𝑚𝑤̃𝑖+𝑢𝑤̃𝑖

3
       , i=1,2,3….,n   (7) 

 
Step 11: Normalization of non fuzzy number 

The non fuzzy weights 𝒘𝒊 have to normalized by using equations (8) : 

 

    𝑊𝑖 =
𝑤𝑖

∑ 𝑤𝑖
𝑛
𝑖=1

         (8) 

 

Where 𝑊𝑖  represents normalized weight of the ith criterion 

 

Step 12:  Checking consistency of the comparison matrix  
To check the consistency of the comparison matrix, the consistency rate (CR) has to be calculated. 

The CR is defined as a ratio between the consistency of a consistency index (CI) and the 

consistency of a random consistency index (RI). The Consistency Ratio (CR) is calculated by using 
the formula as in equation (9) and the value of CR should not exceed 0.1 [8]. The RI values for the 

different number of criteria are shown in Table 2. 

      𝐶𝑅 =
𝐶𝐼

𝑅𝐼
                        (9) 

 

𝐶𝐼 =
(𝜆𝑚𝑎𝑥−𝑛)

(𝑛−1)
       (10) 

Where:  𝜆𝑚𝑎𝑥   is eigen vector and n is the number of criterion 
 

Table 2. Random Index (RI) values for n number of criterion 

n 1 2 3 4 5 6 7 8 9 10 11 12 

RI 0 0 0.58 0.90 1.12 1.24 1.32 1.41 1.45 1.49 1.51 1.58 

Step 13: Calculating the weight of alternatives 

At this step, the alternative maintenance strategies are compared among others with respect to each 

selection criteria. To find the weight of alternatives, similar procedures to that described in step 5 to 

step 12 are performed. 
 

Step 14: Calculating the total score and ranking the alternatives  

The total score for each alternative is calculated by using equation (11) 
 

𝑆𝑗 = ∑ 𝑊𝐶𝑖𝑗𝑊𝑖
𝑛
𝑖=1       (11) 

 

Where : 𝑊𝐶𝑖𝑗 = weight of  alternative j for the ith criterion, 𝑊𝑖 = weight for ith criterion, n = 

number of criteria, 𝑆𝑗 =total score of alternative j.  

Finally, each alternative is given a rank corresponding to its total score. 
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3.  Result and Discussion 

PT XYZ is one of the yarn spinning company and is located in Bandung, Indonesia.  The maintenance 
manager of the company feels that the current maintenance strategy is not efficient to fulfill the 

company’s present objectives, hence the maintenance manager considered to perform the appropriate 

maintenance strategy for the next company’s maintenance strategy. The complexity of manufacturing 
systems makes it difficult to decide about maintenance strategy, therefore a well-designed decision 

process is needed to help managers on minimizing decision failures. In this study, the Fuzzy AHP 

method is proposed for solving the manager’s problem. 

Five selection criteria and three alternatives of maintenance strategies were determined by decision-
makers on the company. The selection criteria are: 

a. Feasibility, refers to the acceptance of workers of the strategy socially and professionally. 

Feasibility criterion includes the efficiency strategy to perform the task effectively and the 

accessibility to the technology required [15]. 

b. Cost, refers labor cost, training cost, spare parts and hardware cost  

c. Reliability, means the ability of the strategy to preserve significant items within the facility, 

maximize the time between failures, provide inspections with no diagnostic errors, keep all 

equipment and machine accessible for inspections, and implement reliable techniques [15]. 

d. Safety, includes human safety, environment safety, machine, and facility safety. 

e. Production quality refers to the ability of the strategy to increase production quality.  

The alternative to maintenance strategies are:  

a. Corrective Maintenance (CRM)  

The definition of Corrective Maintenance according to the standard PrEN13306: Maintenance 

carried out after fault recognition and intended to put an item into a state in which it can 

perform a required function [16]. 

b. Periodic Maintenance (PRM)  

In Periodic maintenance or Time-based maintenance, decisions (e.g., preventive repair times/intervals) are 

determined  based on failure time analyses. The aging of some equipment is estimated based on failure 

time data or used based data. Periodic maintenance assumes that the failure (characteristic) of equipment 

can be predicted by the time [17]. 

c. Predictive Maintenance (PDM)  

The definition of Predictive Maintenance according to the standard PrEN13306: Condition 

based maintenance carried out following a forecast derived from the analysis and evaluation of 

significant parameters of the degradation of the item.  Predictive maintenance is performed 

continuously or at intervals according to the requirements to diagnose and monitor a condition 

or system [16]. 

To decompose the decision problems of choosing the best maintenance strategy, three levels of 
hierarchy structure is constructed as shown in Figure 1. 
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During the decision process, decision-makers compare the selection criteria by using the linguistic 

variable and corresponding triangular fuzzy number as is shown in Table 1. After doing constructing 

pairwise comparison matrix, calculating the fuzzy weight of criteria, defuzzyfication, and 
normalization of the nonfuzzy number, the weight of each criterion can be found. The level of 

inconsistency in the comparison matrix is acceptable as the value of consistency ratio (CR) is less than 

0.1. To find the weight of alternatives CRM, PRM, PDM are compared among others with respect to 

each selection criteria and the procedures are similar to that described in step 5 to step 12. Finally, the 
total score and the rank of each alternative can be obtained. The weight of each criterion, the weight of 

alternatives with respect to each criterion, total score, and rank of each alternative are tabulated as 

shown in Table 3. 
 

Table 3. Final result 

Criteria 
Weight of 

criteria, 𝑾  

Weight of alternative maintenance strategy, 𝑾𝑪 

CRM PRM PDM 

Feasibility 0.074 0.765 0.108 0.126 

Cost 0.190 0.339 0.331 0.331 

Reliability 0.309 0.124 0.469 0.407 

Safety 0.235 0.101 0.514 0.386 

Production quality 0.193 0.203 0.451 0.346 

 Total score, 𝑆𝑗  0.222 0.423 0.355 

Rank 3rd 1st 2nd 

 
Table 3 shows that the reliability criterion has a weight of 0.309, safety 0.235, production quality 

0.193, cost 0.190, and feasibility 0.074.  Also, it can be seen from Table 3 that Periodic Maintenance 

(PRM) has obtained the highest total score among three alternatives with a total score of 0.423 and 
PRM is ranked first. Predictive maintenance (PDM) and Corrective maintenance (CRM) have obtained 

at the second and third rank with 0.355 and 0.222. Based on the final results, Periodic Maintenance is 

selected as the best maintenance strategy for the company. 

4.  Conclusion 
Maintenance plays a significant role in production activities.  An appropriate maintenance strategy can 

improve the availability of production equipment and avoid unnecessary expenditures in maintenance.  

Selection of appropriate maintenance strategy is a crucial task for the company, therefore it needs 
multi criteria decision making to evaluate the strategies. In this paper, the Fuzzy AHP method was 

proposed for the evaluation and selection of the best maintenance strategy for a spinning mill 

company. Fuzzy AHP was used for reducing the vagueness and uncertainty of the decision maker’s 
judgment. Three alternatives of maintenance strategies were to be considered and evaluated with 

Figure 1. Hierarchy structure 
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respect to five criteria. Finally, this paper shows that Fuzzy AHP is successfully applicable as an 

evaluation technique for the maintenance strategy selection problem.  
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