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ABSTRACT ARTICLE HISTORY
There are various strategies to prevent and control of noise exposure Received 1 August 2021
in occupational settings. This study was aimed to use Shannon's Accepted 27 October 2021
entropy - PROMEHTEE hybrid model for weighing and prioritizing KEYWORDS

noise control solutions in an oil refinery. At first, the sound pressure  Nojse: industry; Shannon's
levels were measured based on the recommended standard of ISO entropy; PROMEHTEE;
9612. Next, criteria and noise control strategies were determined using Delphi Technique

the Delphi technique. In the third stage, the weights of the criteria

were computed using Shannon'’s entropy method and in the last stage,

the solutions were prioritized by the PROMEHTEE method. Based on

the results of Shannon's entropy method, criteria in the order of pri-

ority included executive cost (0.2710), noise reduction efficiency

(0.2531), feasibility (0.2435), safety (0.1120), possible interference with

other processes (0.1107) and up-to-datedness of the methods (0.091).

Also, based on the results of the PROMEHTEE method, the best solu-

tions were construction of acoustic enclosures for people exposed to

noise with a weight of 0.5476, and Modification or change of the work

process with a weight of —0.6905, respectively. Therefore, the

Shannon'’s entropy — PROMEHTEE hybrid method can be used as a

credible scientific tool to select the most appropriate noise control

solution in the industries.

1. Introduction

When defining surrounding sounds, there could be both wanted and unwanted sounds.
The former is pleasant like what we perceive in nature and the latter, is named as noise,

CONTACT Seyed Mahdi Mousavi €) m-mousavikouti@alumnus.tums.ac.imahdi.mousavi90@yahoo.com () Department
of Occupational Health Engineering, School of Public Health, Tehran University of Medical Sciences, Tehran, Iran.
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what humans regard as an annoying sound in daily life as well as occupational environments
(Leung et al. 2017; Pourabdian et al. 2019). Although the issue of noise is by no means a
new phenomenon, in the recent century, with the increasing speed of urbanization and
expansion of various industries and heavy machinery, it has drawn the attention of scholars
and legislative bodies worldwide (Said et al. 2020; Abbasi et al. 2021). Specifically, noise is
considered a common hazard (physical stressor) in a wide range of industries and environ-
ments, such as iron and steel, smelting, wood, textile (Monazzam et al. 2011; Moradirad
etal. 2019; Monazzam, Abbasi, and Yazdanirad 2019). So far, several studies have been
conducted with aim of determining the mean values of exposure level and Sound Pressure
Level (SPL) in this industry, and the results confirm that workers are often exposed to noise
above the permissible level (Dehghan et al. 2013). To keep the noise emission to an optimum
level and also minimize the exposure of workers, employing practicable control measures
is crucial (Mousavi, Moradirad et al. 2019). To achieve this purpose, various control solu-
tions including noise control at the source, noise control at the emission path, and noise
control at the receiving point are available. In different situations, different measures are
prioritized, though in most cases a combination of these techniques is applied to lower SPL
below defined standard ranges (Bies, Hansen, and Howard 2017). Selecting the best noise
control strategy by occupational safety and health experts is one of the most fundamental
steps, considering the importance of noise control to prevent adverse consequences in
employees (Riedel et al. 2019). Since it is often costly and time-intensive to test all control
solutions, deciding on choosing the best noise control solution receives special importance.
In such circumstances, taking advantage of multi-criteria decision models is highly recom-
mended (Naderzadeh et al. 2017). These decision models are divided into two main cate-
gories, namely multi-objective models and multi-criteria models. Multi-objective models
are utilized in the designing process, whereas multi-criteria models deal with problematic
situations where decision-makers want to choose one of the several options that are eval-
uated with a set of criteria or rank them (Zavadskas and Turskis 2011). There are different
methods for multi-criteria decision making such as VIKOR, FAHP, ANP, TOPSIS and
Entropy, each of which has its own advantages and disadvantages (Mousavi et al. 2021;
Mousavi, Abbasi, et al. 2019).

One of the highly recommended methods for calculating the standard weight is the
Entropy method. This method was proposed by Shannon and Weaver in 1974 and requires
a criterion-choice matrix (Haddadha, Namazian, and Yakhchali 2017). Entropy represents
the amount of uncertainty in a continuous probability distribution. The basic idea of this
method is that the more scatter is the values of an index, the more importance is given to
that index. Shannon showed that events with a high probability of occurrence provide less
information, and, conversely, the lower is the probability of an event to occur, the greater
the information is obtained from it. It is a proper way to measure the relative importance
of attributes and convey the true value of data to decision-makers. This method calculates
the weights related to each criterion based on the scattering of the criteria. The more scat-
tered is the value of one criterion, the more important is that criterion (Hassanpour and
Pamucar 2019).

In recent years, the Shannon entropy method has been used in various fields. For exam-
ple, Mengyu chai introduced a model of qualitative acoustic emission based on this method
(Chai, Zhang, and Duan 2018). Ali Haghizedeh applied it to forecast flood-prone areas
(Haghizadeh et al. 2017). Fang Liu exploit it to assess fire risk in large-scale commercial
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buildings (Liu et al. 2017). Moreover, Roxani Karagiannis utilize this technique to determine
the relative weights of constructing composite indices (Karagiannis and Karagiannis 2020).
Javad Danaei used it to prioritize the Kish airport projects (Danaei 2017). Wencheng Hung
applied the combined Enropy-TOPSIS method to evaluate the urban rail transit system
(Huang et al. 2018). Mortaza Yazdani introduced the combined Entropy—EDAS method
to assess renewable energy resources (Yazdani et al. 2020). Also, Lam Weng Siew appraised
the performance of Construction Companies using Entropy-VIKOR (Siew, Fai, and
Hoe 2021).

As mentioned, one of the multi-criteria decision-making methods is the PROMETHEE
method. This method has been proposed by Jean-PierreBrans et al. to prioritize options.
Options in this method are ranked based on practicability and executability. In this method
of decision making, the criteria are determined and their weights are calculated. To calculate
the standard weight, multi-criteria decision-making methods can be used (Brans and De
Smet 2016). Same as the Shannon entropy method, the PROMETHEE technique has been
exploited and developed in a variety of fields. Yunna Wu used the TODIM-PROMETHEE
hybrid method to select waste-to-energy plant sites (Wu et al. 2018). Ran Liu introduced
the TODIM-PROMETHEE model under the linguistic spherical fuzzy environment to
assess safety risk (Liu et al. 2021). Additionally, Hu-Chen Liu improved the FMEA Method
by PROMETHEE technique for Proactive Healthcare Risk Analysis (Liu 2019). Ivan Peko
applied this method to solve the problem of additive manufacturing process selection (Peko,
Gjeldum, and Bili¢ 2018). Also, Uzer Uygun utilized Fuzzy PROMETHEE to select the
display products for furniture stores (Uygun et al. 2018). The literature review showed that
the Shannon entropy and PROMETHEE method to solve the problems, select the items,
and prioritize the alternatives are widely used in various sciences, such as occupational
safety and health and ergonomics. So far, few studies have been conducted on prioritizing
noise control strategies in oil refineries, particularly in Iran. The present study was aimed
to use the combined Shannon’s entropy method and the Preference ranking organization
method for enrichment evaluation (PROMETHEE) for selecting the most appropriate noise
control solutions.

2. Materials and methods
2.1. Study area

The present study was carried out in Abadan Oil Refinery located in Khuzestan province
(south of Iran). The refinery consists of various operating units and provides a variety of
products such as gasoline, jet fuel, and diesel. One of the important units of this refinery is
the catalytic conversion unit. In this unit, heavy crude gasoline from distillation units is
first refined in contact with the catalyst at the appropriate pressure and temperature and
then converted to platformite by a platinum-rhenium catalyst. In this unit, 35 permanent
workers were employed.

2.2. Method

This descriptive-analytical present study was conducted in four stages in 2019. The steps
of study included:
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2.3. Measuring noise and determining noise sources

In this step, to identify the sources of noise generation and determine the number of stations
with SPLs above dB 85 requiring control solutions, the areas of studied units were divided
into squares (5 x 5 meters) and the center of each house was considered as the measuring
point, based on the ISO9612 standard and the regular network measurement model. Each
measurement was repeated three times with a minimum intervals of 15seconds, and the
mean value was ultimately recorded as the sound level at the station. Measurements were
performed using sound level meter (DBAir GA141SO model) and calibrated via the cali-
brator (model GA607-CASTEL) in one-third of the octave band at the frequencies of 63 to
8000 Hz.

2.4. Determining criteria and solutions for noise control using fuzzy Delphi method

By reviewing the literature and interviewing academics and industrial experts, ten basic
effective criteria were considered for choosing the proper noise control solutions. Then,
using the fuzzy Delphi method, the opinions of experts on the specified criteria were col-
lected to choose the final effective criteria. For this reason, an anonymous questionnaire
was sent to 25 experts and they were asked to specify the relevance of the initial criteria
identified with the main research topic and evaluate the importance of each factor using
the linguistic terms, as shown in Table 1.

To obtain the opinions of experts, the mathematical relations based on fuzzy numbers
were used. It is assumed that the linguistic terms of criterion j from the viewpoint of expert
is number i among n experts. In Wij = (aij, bij, cij), the value of jisequal to j=1, 2,3,... m
and the value of i is equal to i=1,2,3,... m. Thus, the fuzzy value of the criterion j is calcu-
lated from the following equation, which is equal to Wj = (aj, bj, ¢j).

aj= min {aij} Equation (1)
bj= % S bj Equation (2)
¢j = max {bij} Equation (3)

The following relationship was then used to defuzzification.

Gt i 0s Equation (4)

Table 1. Linguistic terms and score of their importance.

Linguistic phrase Score the importance spectrum
Very low 1
Low 2
Medium 3
much 4
Too much 5
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In this study, based on the opinions of experts, the criteria whose defuzzied value is more
than the average value of the spectrum were studied as the criterion with the importance
and criteria with defuzzied value less than the average value of the spectrum were considered
as less important criteria and were excluded. The terms of consensus or agreement of the
experts were fulfilled when 70% of the experts gave the same answer to one of the options
for each criterion (Huang, Koopialipoor, and Armaghani 2020; Mousavi et al. 2021).

2.5. Calculating the weight of criteria using Shannon’s entropy method

Shannon’s entropy method is started with the formation of a decision matrix and pairwise
comparisons between the criteria and is calculated by dividing the value of each column of
the decision matrix by the sum of the columns of the normalized value of pij. The entropy
value of Ej was calculated using Equation (1).

E,=—k) " P xLn Piji=123,..,m Equation (1)

Where K is a constant value that holds the value of Ej between 0 and 1 and P (x) is the
probability distribution of the random variable x. Next, the degree of deviation of the dj
was calculated, which indicates the amount of useful information on the criterion that is
provided to the decision-maker.

dj=1—Ej Equation (2)

Finally, the final weight of the Wj criterion was calculated using Equation 3 (Hasnain
et al. 2020; Del and Tabrizi 2020).

_di
Ydj
After determining weights of the criteria by Shannon’s entropy method,

PROMEHTEEmethod was used to select the most appropriate noise control solution from
the available measures.

Wj Equation (3)

2.6. Weighing and prioritizing noise control solutions using the PROMEHTEE
method

In the first step of the PROMEHTEE method, the criterion-option decision matrix was
formed and in the second step, pairwise comparisons of experts were performed based on
the preference function. The preference function converts the difference between the two
solutions A1 and A2 in a certain criterion to a degree of preference which varies from 0
to 1. There are six types of predefined functions, including functions, ordinary standard
criterion, Gaussian criterion, linear criterion, level criterion, linear preference criterion,
and indifference zone and segmentation criterion. In this study, normal criteria were used.
In the next step, the total preference coefficient was calculated using Equation 4.

(Al A2) = ZLI Pj(Al, A2) X wj Equation (4)
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Where m (A1, A2) is the weighted sum of P (A1, A2) for each criterion and wj is the
weight associated with j, and j is a safe criterion. Then, using the equation of 5 positive
currents and using the equation of 6 negative currents, the preference was calculated.

B (A)=——3 n(4x) Equation (5)

o (Al) = %Z_‘_MW()E, A) Equation (6)

The final ranking was based on the calculation of net flow, which was computed by
Equation 7 (Makan and Fadili 2020; Abdullah, Chan, and Afshari 2019).

(AD) =D (A1) —D (A1) Equation (7)

2.7. Data analysis

After receiving the questionnaires completed by the experts, all calculations related to the
entropy method were performed using MATLAB software and computations related to the
PROMEHTEE method and solutions were ranked using Visual PROMETHEE Academic
software.

3. Result
3.1. Noise measurement

The results of the sound analysis in the catalytic conversion unit showed that the average
value of SPL was equal to 89 dB and the maximum and minimum values of measured SPL
were equal to 102dB and 78 dB. Sixty-five stations were considered as blind spots and also
15 stations had an average value of sound pressure level less than 65dB. Steam leakage,
noise from pump activity, and noise from furnaces were also identified as the main sources
of noise.

3.2. Fuzzy Delphi method

The results of the fuzzy Delphi method indicated that the six criteria, as shown in Table 2,
were effective criteria in selecting a sound control solution. The two criteria of C2 and C4
were negative in nature, which means that lower values were considered more desirable.

Table 2. The identified criteria for selecting noise control solutions through fuzzy Delphi method.

Criteria Representing symbol Nature of criteria
Noise reduction efficiency a Positive

Executive cost or cost-effectiveness Q2 Negative

Feasibility a Positive

Possible interference with other Processes 4 Negative

Safety (&) Positive

Up-to-datedness c6 Positive
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Based on the results obtained from the opinions of experts using the fuzzy Delphi
method, eight noise control solutions were selected as available options. In order for a
solution to be accepted as an alternative, it should meet at least 70% of the experts” agree-
ment. Table 3 reports the results of the integration of experts’ opinions using the fuzzy
Delphi .

3.3. Shannon’s entropy

Executive cost or cost-effectiveness of the method, which was determined using the Shannon
entropy weighting method, with a final weight of 0.2796, was found to be the most important
criterion in choosing a noise control solution among the criteria (Table 4).

The weight of the criteria obtained by Shannon entropy method was employed to cal-
culate the final weight of the solutions using PROMEHTEE method.

3.4. Promethee method

The final prioritization of noise control solutions using the PROMETHEE method showed
that solution 7 with a final weight of 0.5476 was the first priority among the eight options
available. Table 5 represents the prioritization of other solutions.

Finally, for a more comprehensive view of the present decision problem, the GAIA dia-
gram, as shown in Figure 1, was used. Based on the results, solution 7 had the highest
average proximity to the criteria in the present study.

4. Discussion

The aim of this study was to present a decision-making model for selecting the most
suitable Noise control solution by combined Shannon’s entropy and PROMETHEE meth-
ods in the catalytic conversion unit of an oil refinery. Noise measurement was performed
to identify the noise generation sources and determine the noise emission status in the
intended unit. To recognize the criteria and strategies of noise control, with reviewing
literature and conducting expert interviews, the Fuzzy Delphi method was used as a guide
tool for selecting the criteria and strategies of noise control. The results of Shannon’s
entropy method, which is a combined opinion of experts on the criterion, indicated that
the criterion of the efficiency with a final weight of 0.2796 received the most importance
and the criterion of non-interference in the process with a final weight of 0.1107 was the
least important among the criteria. In a study carried out by Zare and Shirali, it was found
that there is a direct linear relationship between efficiency and cost, and cost also enhances
with increasing efficiency. In this study, the criterion of efficiency with a final weight of
0.2710 and cost with a final weight of 0.2531, as two the criteria with relative weight, are
higher than other criteria, indicating the importance of these two criteria in choosing the
noise control solution. Ghotbi Ravandi et al. used the AHP-TOPSIS model to prioritize
the criteria for selecting a noise control solution in a tire manufacturing company located
in Fars province of Iran. The results showed that cost and implementation of the method
(final weight 0.481) is the most important criterion for selecting a control solution
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Table 4. Weights of criteria for selecting a noise control solution using Shannon entropy method.

Criteria Representing symbol Weight
Feasibility 1 0.2435

Executive cost or cost-effectiveness Q2 0.2710

Safety Q2 0.1120

Possible interference with other processes 2 0.1107

Noise reduction efficiency 4 0.2531

Up-to-datedness 5 0.091

Table 5. Final prioritization of noise control solutions based on the results of the PROMETHEE method.

Noise control solutions Phi Phi+ Phi- prioritization
Alt7 0.5476 0.6429 0.0952 1
Alt2 0.4286 0.5714 0.1429 2
Alt1 0.2619 0.5476 0.2857 3
Alt5 0.0238 0.3571 0.3333 4
Alt3 —0.0238 0.3571 0.3810 5
Alté —-0.0238 0.3333 0.3571 6
Alt4 -0.5238 0.1905 0.7143 7
Alt8 -0.6905 0.0952 0.7857 8
v

O a4

As [

Cas

Figure 1. Subjective model of human mind decision-making based on GAIA chart.

(Ghotbi-Ravandi et al. 2020). Ishaqi also applied the AHP method to weigh the criteria
for choosing a noise control solution in a glass company located in Hamadan province of
Iran. The results of the AHP method illustrated that the criterion of feasibility had the
highest relative weight or in other words, the greatest importance, and the cost criterion
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also had the lowest relative weight or in other words, the least importance among the
studied criteria (Mahboobe, Golmohamadi, and Riahi-Korram 2012). In another study
conducted by Sakhvati in the cement industry, the criterion of initial investment cost was
determined as the most important criterion for opting the noise control method (Sekhavati
et al. 2014). The reasons of these differences can be due to the different industries studied
and also the different methods of calculating the weight of the criteria and can also be
associated with the different teams of experts in the study. In all three studies of Ravandi,
Sakhvati, and Ishaqi, the hierarchical analysis method was used, but in the present study,
Shannon’s entropy method was exploited to compute the weight of the criteria. Performing
long and complex calculations in the hierarchical analysis method can be considered as
one of the disadvantages of this technique, while Shannon’s entropy method uses fewer
relationships and calculations to estimate the weight of the criteria. The results of
PROMEHTEE method showed that the use of noise chamber with the weight ® =0.5476
was the best and the first choice of the solution among the existing items, and the solution
of modification or change of the work process to reduce the amount of steam output with
the weight @ =0.-69 was the last choice. In study performed by Nasiri et al., it was suggested
that the enclosure of noise-generating sources can significantly reduce the pressure level,
however, the limitations of this method should also be taken into account (Nassiri, Zare,
and Golbabaei 2007). Golmohammadi et al. concluded that building a noise chamber on
noise-generating sources can decrease noise exposure (Monazzam et al. 2011). In this
study, it was found that this method is one of the most effective solutions for noise control
in the catalytic conversion unit. Furthermore, the construction of noise chambers for
exposed workers was identified as the first priority of decision-makers. Therefore, in the
opinion of the decision-makers, the construction of a noise chamber for exposed workers
takes precedence over the construction of enclosures on noise-generating sources. Solutions
such as repairing worn-out devices, replacing old devices, and changing the process due
to high costs were given the last priorities by decision-makers, which highlights the high
weight of final cost in choosing the method of noise control in the industry. Similarly, the
results of Shannon’s entropy method showed that the weight of efficiency and cost is higher
than other criteria in choosing a noise control solution and these two criteria played a
more important role.

5. Conclusion

Based on the findings, the criterion of executive cost and cost-effectiveness was appeared
to be the most important criteria for choosing a noise control solution. The best solution
also was the construction of a noise chamber. The Structured Preferential Ranking Method
for Enriching Evaluations (PROMEHTEE) is an effective tool in the multi-criteria deci-
sion-making process, which can be used when decision-makers are unable to accurately
prioritize options due to inability or lack of knowledge. Moreover, This study indicated that
the structured preferential ranking method for enriching evaluations can be applied as a
scientific tool to select the most appropriate noise control solution in the oil industry and
other industries in which a choice of noise control is felt as a need. One of the advantages
of this method is the use of Visual PROMETHEE Academic software in performing calcu-
lations related to it, which can facilitate the computation process and provide experts with
sufficient data for a better decision-making process by having various outputs. The inability
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of this method to estimate the weight of the criteria can be regarded as a shortcoming,
however, other multi-criteria decision methods such as Shannon’s entropy method can be
employed to overcome this problem.

Acknowledgment

The authors express their sincere gratitude to staff members of the Catalytic Converting Unit and
the experts who cooperated in the process of conducting this research.

Ethical issues

The study protocols were approved by the Ethics Committee of Behbahan University of Medical
Sciences, Behbahan, Iran (Ethical code: IR. BEH.REC.1397.021).

Disclosure statement

No potential conflict of interest was reported by the authors.

Authors’ contributions

All authors contributed and were involved in the problem suggestion, experiments design, data
collection, and manuscript approval.

ORCID
Mojtaba Haghighat () http://orcid.org/0000-0001-7974-9409

References

Abbasi, Milad, Mohammad Osman Tokhi, Mohsen Falahati, Saeid Yazdanirad, Maryam Ghaljahi,
Siavash Etemadinezhad, and Roghayeh Jaffari Talaar Poshti. 2021. “Effect of Personality Traits on
Sensitivity, Annoyance and Loudness Perception of Low-and High-Frequency Noise.” Journal of
Low Frequency Noise, Vibration and Active Control 40 (2): 643-655.

Abdullah, Lazim, Waimun Chan, and Alireza Afshari. 2019. “Application of PROMETHEE Method
for Green Supplier Selection: A Comparative Result Based on Preference Functions.” Journal of
Industrial Engineering International 15 (2): 271-285.

Bies, David A., Colin Hansen, and Carl Howard. 2017. Engineering Noise Control. CRC Press.

Brans, Jean-Pierre, and Yves De Smet. 2016. “PROMETHEE Methods.” In Multiple Criteria Decision
Analysis. Springer.

Chai, Mengyu, Zaoxiao Zhang, and Quan Duan. 2018. “A New Qualitative Acoustic Emission
Parameter Based on Shannon’s Entropy for Damage Monitoring.” Mechanical Systems and Signal
Processing 100: 617-629.

Danaei, Javad. 2017. “Prioritization of Kish Airport Projects Using Multi-Criteria Decision-Making
(Weighting: Shannon Entropy).” Amazonia Investiga 6: 122-131.

Dehghan, Somayeh Fahang, Parvin Nassiri, Mohammad Reza Monazzam, Habib Allah Aghaei,
Rohadin Moradirad, Zohreh Haghighi Kafash, and Mehdi Asghari. 2013. “Study on the Noise
Assessment and Control at a Petrochemical Company.” Noise ¢ Vibration Worldwide 44 (1): 10-18.

Del, Mohammad Sadegh Taher Tolou, and Sina Kamali Tabrizi. 2020. “A Methodological
Assessment of the Importance of Physical Values in Architectural Conservation Using
Shannon Entropy Method.” Journal of Cultural Heritage 44: 135-151.

Q2

Q3
Q4



504
505
506
507
508
509
510
511
512
513
514
515
516
517
518
519
520
521
522
523
524
525
526
527
528
529
530
531
532
533
534
535
536
537
538
539
540
541
542
543
544
545
546
547
548
549

',
n

Q6

Q7

12 (&) M.HAGHIGHATETAL.

Ghotbi-Ravandi, Mohammad-Reza, Davoud Hassanvand, Sajad Zare, and Milad Beytollahi. 2020.
“Weighing and Prioritizing Noise Control Methods Using the Delphi Technique and the
Technique for Order of Preference by Similarity to Ideal Solution (TOPSIS) in an Iranian Tire
Manufacturing Factory.” SoundeVibration 54 (3): 201-213.

Haddadha, Azam Keshavarz, Ali Namazian, and Siamak Haji Yakhchali. 2017. “Project Selection
Problem by Combination of Shannon Entropy and MCDM Techniques.” In International
Conference on Literature, History, Humanities and Social Sciences (LHHSS-17), 32-35.

Haghizadeh, Ali, Safoura Siahkamari, Amir Hamzeh Haghiabi, and Omid Rahmati. 2017.
“Forecasting Flood-Prone Areas Using Shannon’s Entropy Model.” Journal of Earth System Science
126 (3)doi:10.1007/s12040-017-0819-x.

Hasnain, Saqib, Muhammad Khurram Ali, Javed Akhter, Bilal Ahmed, and Naseem Abbas. 2020.
“Selection of an Industrial Boiler for a Soda-Ash Production Plant Using Analytical Hierarchy
Process and TOPSIS Approaches.” Case Studies in Thermal Engineering 19: 100636.

Hassanpour, Malek, and Dragan Pamucar. 2019. “Evaluation of Iranian Household Appliance
Industries Using MCDM Models” Operational Research in Engineering Sciences: Theory and
Applications 2: 1-25.

Huang, Jiandong, Mohammadreza Koopialipoor, and Danial Jahed Armaghani. 2020. “A Combination of
Fuzzy Delphi Method and Hybrid ANN-Based Systems to Forecast Ground Vibration Resulting from
Blasting” Scientific Reports 10 (1): 1-21.

Huang, Wencheng, Bin Shuai, Yan Sun, Yang Wang, and Eric Antwi. 2018. “Using entropy-TOPSIS
Method to Evaluate Urban Rail Transit System Operation Performance: The China Case”
Transportation Research Part A: Policy and Practice 111: 292-303.

Karagiannis, Roxani, and Giannis Karagiannis. 2020. “Constructing Composite Indicators with
Shannon Entropy: The Case of Human Development Index.” Socio-Economic Planning Sciences
70 (100701): 100701.

Leung, T. M., Chi Kwan Chau, Shiu Keung Tang, and J. M. Xu. 2017. “Developing a Multivariate
Model for Predicting the Noise Annoyance Responses Due to Combined Water Sound and Road
Traffic Noise Exposure” Applied Acoustics 127: 284-291.

Liu, Hu-Chen. 2019. “FMEA Using Cloud Model and PROMETHEE Method and Its Application to
Emergency Department.” In Improved FMEA Methods for Proactive Healthcare Risk Analysis. Springer.

Liu, Fang, Shengzhong Zhao, Miaocheng Weng, and Yonggiang Liu. 2017. “Fire Risk Assessment for
Large-Scale Commercial Buildings Based on Structure Entropy Weight Method.” Safety Science
94: 26-40.

Liu, Ran, Yu-Jie Zhu, Yao Chen, and Hu-Chen Liu. 2021. “Occupational Health and Safety Risk
Assessment Using an Integrated TODIM-PROMETHEE Model under Linguistic Spherical Fuzzy
Environment” International Journal of Intelligent Systems 36 (11): 6814-6836.

Mahboobe, E., R. Golmohamadi, and M. Riahi-Korram. 2012. “Prioritizing of Noise Control
Methods in the Hamadan Glass Company by the Analytical Hierarchy Process (AHP).” Journal of
Occupational Health and Safety 2: 75-84.

Makan, Abdelhadi, and Ahmed Fadili. 2020. “Sustainability Assessment of Large-Scale Composting
Technologies Using PROMETHEE Method.” Journal of Cleaner Production 261 (121244): 121244,

Monazzam, Mohammad Reza, Milad Abbasi, and Saeid Yazdanirad. 2019. “Performance Evaluation
of T-Shaped Noise Barriers Covered with Oblique Diffusers Using Boundary Element Method.”
Archives of Acoustics 44.

Monazzam, Mohammad Reza, Rostam Golmohammadi, Maryam Nourollahi, and Samaneh
Momen Bellah Fard. 2011. “Assessment and Control Design for Steam Vent Noise in an Oil
Refinery”” Journal of Research in Health Sciences 11: 14-19.

Moradirad, Rouhaldin, Mojtaba Haghighat, Saeid Yazdanirad, Rouhalah Hajizadeh, Zohre
Shabgard, and Seyed Medi Mousavi. 2019. “Selection of the Most Suitable Sound Control Method
Using Fuzzy Hierarchical Technique.” Journal of Health and Safety at Work 8: 371-382.

Mousavi, Seyed Mehdi, Milad Abbasi, Saeid Yazdanirad, Masourd Yazdanirad, and Elham Khatooni.
2019. “Fuzzy AHP-TOPSIS Method as a Technique for Prioritizing Noise Control Solutions.
Noise Control Engineering Journal 67 (6): 415-421.



550
551
552
553
554
555
556
557
558
559
560
561
562
563
564
565
566
567
568
569
570
571
572
573
574
575
576
577
578
579
580
581
582
583
584
585
586
587
588
589
590
591
592
593
594
595

THEORETICAL ISSUES IN ERGONOMICS SCIENCE @ 13

Mousavi, Seyed Medi, Rohadin Moradirad, Mohammad Hossain Beheshti, Roohalah Hajizadeh,
Fereshteh Taheri, Ismail Khodaparast, Saeid Yazdanirad, and Yoosef Faghihnia Torshiz. 2019.
“Evaluation of Noise Pollution Levels before and after Corrective Actions in the Operational
Units of Tanks and Petroleum Products Transportation in Abadan Oil Refining Company.” Iran
Occupational Health Journal 16: 72-82.

Mousavi, Seyed Mahdi, Mahsa Jahadi, Naeini, Saeid Yazdani Rad, and Mojtaba Haghighat, and
2021. “Identification and Ranking of Noise Control Solutions by Using Fuzzy Delphi Approach,
Fuzzy Analytic Hierarchy Analysis (FAHP) and Fuzzy Vikor in an Oil Refinery” Archives of
Occupational Health 5: 913-920.

Naderzadeh, Mahdiyeh, Hossein Arabalibeik, Mohammad Reza Monazzam, and Ismaeil Ghasemi.
2017. “Comparative Analysis of Ahp-Topsis and Fuzzy Ahp Models in Selecting Appropriate
Nanocomposites for Environmental Noise Barrier Applications.” Fluctuation and Noise Letters
16 (04): 1750038.

Nassiri, Parvin, Mehdi Zare, and Farideh Golbabaei. 2007. “Evaluation of Noise Pollution in Oil
Extracting Region of Lavan and the Effect of Noise Enclosure on Noise Abatement.” Iran
Occupational Health 4: 49-56.

Peko, Ivan, Nikola Gjeldum, and BoZenko Bili¢. 2018. “Application of AHP, Fuzzy AHP and
PROMETHEE Method in Solving Additive Manufacturing Process Selection Problem.” Tehnicki
Vjesnik 25: 453-461.

Pourabdian, Siamak, Saeid Yazdanirad, Saeid Lotfi, Parastoo Golshiri, and Behzad Mahaki. 2019.
“Prevalence Hearing Loss of Truck and Bus Drivers in a Cross-Sectional Study of 65533 Subjects.”
Environmental Health and Preventive Medicine 24 (1): 1-5.

Riedel, Natalie, Heike Kockler, Joachim Scheiner, Irene van Kamp, Raimund Erbel, Adrian
Loerbroks, Thomas Claflen, and Gabriele Bolte. 2019. “Urban Road Traffic Noise and Noise
Annoyance—a Study on Perceived Noise Control and Its Value among the Elderly” European
Journal of Public Health 29 (2): 377-379. doi:10.1093/eurpub/cky141.

Said, Mohd Azrin Mohd, Ahmad Faridzul Japar, Nor Kamaliana Khamis, Abdullah Yassin, Ana
Sakura Zainal Abidin, Rudiyanto Philman Jong, Mohamad Syazwan Zafwan bin Suffian, and
Aishah Arsad. 2020. “Design and Develop Low-Cost Device for Monitoring Occupational Noise
Exposure toward Workers in Factory.” Science International (Lahore) 32: 729-733.

Sekhavati, E., M. Mohammadi Zadeh, E. Mohammad Fam, and A. Faghihi Zarandi. 2014.
“Prioritizing Methods of Control and Reduce Noise Pollution in Larestan Cement Factory Using
Analytical Hierarchy Process (AHP).” Tolooebehdasht 13: 156-167.

Siew, Lam Weng, Liew Kah Fai, and Lam Weng Hoe. 2021. “Performance Evaluation of Construction
Companies in Malaysia with Entropy-VIKOR Model.” Engineering Journal 25 (1): 297-305.

Uygun, Ozer, [lker Giiven, Fuat Simsir, and Mehmet Emin Aydin. 2018. “Selecting Display Products
for Furniture Stores Using Fuzzy Multi-Criteria Decision Making Techniques” In International
Conference on Engineering Applications of Neural Networks, 181-193. Springer.

Wu, Yunna, Jing Wang, Yong Hu, Yiming Ke, and Lingwenying Li. 2018. “An Extended TODIM-
PROMETHEE Method for Waste-to-Energy Plant Site Selection Based on Sustainability
Perspective.” Energy 156: 1-16.

Yazdani, Morteza, Ali Ebadi Torkayesh, Ernesto D. R. Santibanez-Gonzalez, and Sina
Khanmohammadi Otaghsara. 2020. “Evaluation of Renewable Energy Resources Using Integrated
Shannon Entropy—EDAS Model.” Sustainable Operations and Computers 1: 35-42.

Zavadskas, Edmundas Kazimieras, and Zenonas Turskis. 2011. “Multiple Criteria Decision Making
(MCDM) Methods in Economics: An Overview.” Technological and Economic Development of
Economy 17 (2): 397-427. doi:10.3846/20294913.2011.593291.


https://www.researchgate.net/publication/357300206

