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Abstract

Logistics is one of the drivers of countries’ and companies’ aggressiveness and plays a vital role in
economic growth. However, the current logistics industry is still high-cost and low-efficiency. The
development of smart logistics brings opportunities to solve these problems. Despite many possibilities, the
existence of some barriers limits the implementation of these systems. The purpose of this research is to
evaluate the problem of the implementation of smart logistics. Failure mode and effect analysis (FMEA)
method based on the fuzzy pivot pair-wise relative criteria importance assessment (F-PIPRECIA) and the
weighted aggregated sum product assessment method based on Z number theory (Z-WASPAS) developed
in three phases. In the first phase of this smart technology based on the literature, ‘1 smart logistics
implementation barriers are identified using the FMEA method. In the second phase, using the fuzzy
PIPRECIA method and experts' opinions, the weights of the factors are calculated. An adjusted PIPRECIA
is proposed In the third phase and according to the outputs of the previous phases, the barriers are prioritized
using the Z-WASPAS method. The FPIPRECIA-ZWASPAS approach produced to cover some
disadvantages of FMEA method include inability to consider the different significance of risk factors in an
uncertain environment. In addition to assigning different weights to factors and considering uncertainty,
reliability is also considered in experts’ opinions through the theory of Z numbers. The proposed approach
of this research was implemented in the evaluation of the barriers to smart logistics implementation in a
factory active in the field of home appliances assembly located in the Aras Free Zone in Iran. Based on the
results, This study has identified that “Lack of sufficient resources” has the highest priority among barriers.
Also, “Lack of qualified staff” and “Administrative bureaucracy” are in the second and third priority,
respectively. The results show the capability and efficiency of the proposed approach compared to other
traditional methods such as FMEA and fuzzy WASPAS.
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Introduction

In recent years, the rapid advancement of digital technologies, artificial intelligence (Al), the Internet of
Things (IoT), and blockchain has transformed traditional logistics into smart logistics, enabling real-time
tracking, predictive analytics, and enhanced supply chain efficiency. Smart logistics leverages data-driven
decision-making and automation to optimize resource utilization, reduce operational costs, and improve
sustainability. Despite these advantages, the implementation of smart logistics faces several barriers. This
paper examines the barriers to the implementation of smart logistics, identifying critical technological,
organizational, and regulatory challenges.

The main objective of this research is to identify and prioritize the barriers to the implementation of smart
logistics by introducing a novel approach to address some of the limitations of the traditional FMEA
method. For the first time, this approach is based on the developed FMEA method using the F-PIPRECIA
technique for weighting criteria and the Z-WASPAS method for prioritizing barriers. By employing Z-
number theory, this approach aims to account for uncertainty and reliability in the determining factors of
the risk priority number (RPN). Additionally, the proposed approach considers time as an important
managerial criterion alongside the severity, occurrence, and detection criteria in the FMEA method. It is
noteworthy that the prioritization of barriers is based on the score obtained from the proposed approach,
where barriers with higher scores are given higher priority for investigation. To evaluate the feasibility of
the proposed approach, the prioritization of smart logistics implementation barriers has been conducted
using the combined FPIPRECIA-ZWASPAS approach, and the results have been compared with some
traditional methods.

Methodology

In this research, for the first time, in order to evaluate the barriers to the implementation of smart logistics,
the integrated approach of the FMEA method based on the F-PIPRECIA and Z-WASPAS methods
developed in three phases has been used. In the first phase of this approach and based on the literature, the
barriers are identified using the FMEA method and the factors determining the RPN are quantified. In the
second phase, using the F-PIPRECIA method, the weights of the criteria are calculated. Finally, in the third
phase and according to the outputs of the previous phases, the barriers are prioritized using the Z-WASPAS
method. In addition to assigning different weights to criteria and considering uncertainty, reliability is also
considered in this approach through the theory of Z numbers.

Results

This study presents a novel methodology for evaluating the barriers to the implementation of smart logistics,
utilizing the F-PIPRECIA and Z-WASPAS methods to evaluate and prioritize ‘1 identified barriers. The
findings indicate that lack of sufficient resources, lack of qualified staff and administrative bureaucracy are
the main barriers to the implementation of smart logistics. To validate the proposed methodology, its results
were compared with conventional methods, including FMEA, and Fuzzy WASPAS (F-WASPAS). The
FMEA method exhibited significant shortcomings, notably, its failure to account for quality grades and
conditions of uncertainty, which resulted in incomplete prioritization of failure causes. This limitation led
to confusion among decision-makers regarding failure-related decisions. In contrast, while F-WASPAS
addressed uncertainty, overcame these limitations by providing complete prioritization. On the other hand,
Z-WASPAS method effectively overcame these limitations by leveraging the advantages of Z-number
theory, also incorporates both reliability and uncertainty. The implementation of the proposed approach



demonstrated a strong correlation of +,3Y% with the results of the F-WASPAS method, underscoring its
effectiveness in delivering comprehensive rankings of barriers.

Conclusion

This research is applied in nature and employs a mixed quantitative-qualitative approach. Three
experts in logistics and supply chain management participated as an FMEA team to provide
insights for this study. It is essential to highlight that the implementation of smart logistics has
evolved with the transition to Industry ¢, +. Smart logistics encompasses various systems designed
to enhance the efficiency of logistics processes. Despite its numerous benefits, several barriers
hinder its implementation. Therefore, identifying and ranking these barriers has become
increasingly important. This study introduces an enhanced FMEA approach by integrating the F-
PIPRECIA method for criteria weighting and the Z-WASPAS method for barrier prioritization.
The proposed approach overcomes some of the shortcomings of the conventional FMEA method,
such as the inability to provide a comprehensive ranking of alternatives and the lack of weight
assignment for criteria. Additionally, the proposed approach incorporates time as a key managerial
criterion alongside severity, occurrence, and detection probability in the FMEA method. Future
research will focus on addressing these limitations and further developing the FMEA method using
multi-criteria decision-making techniques in uncertain environments, such as pythagorean fuzzy
sets, g-rung orthopair fuzzy sets, and spherical fuzzy sets. Beyond the specific application explored
in this study, the proposed approach can be applied in various risk identification and failure mode
analysis scenarios.
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Table ). Selected definitions of “smart logistics”

Author(s) Definition Keywords
Song, Yu, Zhou, Smart logistics has three fundamental tasks: Internet of Things
Yang, and He ensuring proper information flow to reduce | (IoT), smart logistics,
(YY) costs and improve efficiency; implementing wireless
intelligent systems to automate processes; communication
and deepening collaboration and integration
across various dimensions.

* Fleisch, Christ and Dierkes
¥ Uckelmann
* Barreto, Amaral and Pereira

* Cullity



Lin and Yang

It relates to a logistics distribution system. It

Computerization,

(Y+YA) is a combination of computers, intelligence | artificial intelligence,
using the Internet of Things (IoT), and new technologies, IoT
information technology. To achieve high
efficiency, it employs advanced
technological management methods.
Zhang and Peng Smart logistics emphasizes technological Technological
(YY) changes. Its focus is on using systems such changes, Big Data,
as big data, IoT, sensors, and other Internet of Things
technologies to improve logistics and
distribution services and reduce their costs.
Zhang, Liu, Liu, Smart logistics covers the entire process of The entire process of
Yang, Li, moving goods—including transportation, goods transfer,

Huisingh, and
Wang (Y ) /\)

storage, distribution, packaging, loading and
unloading, and information processing. With
real-time monitoring, it enhances logistics
resource-management efficiency.

management
efficiency

Zhao (Y++9°)

Smart logistics is defined by intelligence,
integration, and flexibility.

Process integration,
artificial intelligence

McFarlane,
Giannikas, and
Lu (Y ) 'l)

Smart logistics means planning and
controlling processes using intelligent tools
and methods.

Process control and
planning using
intelligent methods,
Automation
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Table Y. Some combined approaches to the FMEA method for prioritizing barriers and risks based on

MCDM methods
Attributes
Author(s) Methods Case Study Uncertainty | Reliability
Sumrit and
Keeratibhubordee AHP, LOPCOW, " | Plastic-recycling v x
(Y+Y0) ARAS Fuzzy industry
Phokee, Chaiklieng,
Boriwan, Phoka .
) , Surgical
' x
Vanoirbeek, and GRA, EDAS instrument design *
Chatpun (Y+Y°)
Kumari, Ahmad, Khan, Fuzzy AHP, Fuzzy | Water treatment v %
and Ahmad (Y +Y°) VIKOR plant
Deepak, Brar, Dwivedi, Pump
Farwaha, Ranjan, VIKOR, maintenance in the
Alkhaleel, and Pandey PROMETHEE, construction * *
(Y+Y0) Modified TOPSIS
sector
Rashidian, Eydi, and C
1, 5 ement-transport
Roghanian (Y + Y £) DANP, CoCoSo network x x

'* Jin, Meng, and Feng

'* Oturakg1 and Konyalioglu



Altubaishe and Desai AHP Supplier
(Y+7%) PROMETHEE evaluation
Jin, Meng, and Feng
(Y+YY) Fuzzy AHP Logistics system
Oturalfm and AHP, Fuzzy Occupational
Konyalioglu (Y YY) TOPSIS health & safety
Bathrinath, Mohan,
Koppiahraj, Bhalaji, and AHP, Fuzzy Construction sit
Santhi (7+ YY) WASPAS onstruction site
Pourmehdi, Paydar, and ANP, Fuzzy ‘
Asadi-Gangraj (Y+Y)) T(;PSIS Steel industry
Alvand, Mirhosseini,
Ehsanifar, Zeighami, SWARA, Fuzzy Constmction
and Mohammadi (Y Y)) WASPAS project
Fuzzy PIPRECIA, | Home-appliances
Proposed approach ZEIW ASPAS ‘N dlrl)sr,)try
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Table 1. Barriers to implementing smart logistics

Symbol

Barrier

B

Lack of sufficient financial resources

BY

Lack of a development strategy

BY

Low risk-taking (low risk appetite)

B¢

Shortage of qualified personnel

B¢

Insufficient number of staff

Bt

No dedicated unit for implementing smart systems in
logistics

BY

Lack of customer demand

BA

Poor linkage with the external environment

B4

Lack of trust among partners

B

Deficiencies in regulations

B

Unfavourable macroeconomic conditions

B\Y

Lack of government support

B\*

High implementation costs

B¢

System instability

BYo

Divergent objectives among partners

B"

Administrative bureaucracy
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Table V. Evaluation of barriers based on linguistic variables based on Z-number theory

S

o | D | T

YA



pM' | pm* | pm* | pM» | pmY | DM* | DMY' | DMY | DMY | DM pDM' | DM*
B' | VUM | VHH | VH,H | VH,VH | VILVH | H,VH | VLVL | VLVL | MMM | MH,VL | MH,VH | MH,VL
BY | MH,H | VHH | MELL | VHBH | VHLVL | MM | MLH | HL | MHL | VELH | LVL | LVL
B* | VAWM |VHVL | MLH | LM |MLVL | MEH | LH | VLVL | MELVL |MHVL| MH | MHH
B¢ | MH,VH | VHLVL | LH |VHVL| HL |MHVL|MLVL | MLVL | LVL HH | VLM | VHH
B | ML,VL | MHL | HH HM HM | MHH | MHH | HM | LVL | LVL | MLM | ML,VH
B* | VLH | VHBH |MLVL | MHH | HM MM | VLLVH | LVL HL | MEH | HH | MLVL
BY | MLH |MLVL | VLVH| VHH | VLM | MLVL | VEH | VLVL | MELVL | MH,L | MH,VL | MM
BA | VL,VH | MHLVL | HL HH HL |MLVL |MLVL |[MLVL| HM | VHLH | MM | MLM
BY | VLM |MLVL | MHH | MLM |MHVL| VHM | LH | VLVL | MHEH |MHVL | VEH | MLM
B'- | VLVL | VLVL | MHH | HH | MEH | M\H | VHLVL | VHLH | HL |MLVL | MHL | VHH
B\Y| VHLH | VHLH |MLVL | MLH | VAM | MM |VHVH| LVvH | HL | MEL | HH | MLVL
B'Y| M\VH | LVL | MH | VHVL| MVH | HL |MHVL| MHL | VH,H | VH,VL | ML,VL | MHH
B\* |[MHVH | VILVL | LH | VHLVL| HL |MHVL|MHVL | MLVL| LVL HH | MLVL | VHH
BVt | VILVL | M\ H | MHLH | ML,VL | VLH |MH,VL | VHM | MLH | MLVL | MJH | MHH | MHL
B'e | VLVL | M\H | MHLH | ML,VL | VLH |MHVL | LVL | MLH | MLVL | MJH | MHH | MHL
B\1| VHM | VHLVH | VHM | HVH | HVH | HOVH | MM | VLVH | MM | MH,VL | VHLVH | MH,VL
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Table A. Respondents’ attitudes using a linguistic scale for fuzzy PIPRECIA
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Table 9. Respondents’ attitudes using a linguistic scale for inverse fuzzy PIPRECIA
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Table ) +. Details of the calculation carried out using fuzzy PIPRECIA
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Table ). Details of the calculation carried out using inverse fuzzy PIPRECIA
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Table ' Y. Aggregated and normalized fuzzy decision matrix
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Table VY. Weighted fuzzy decision matrix using WSM
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S 0) D T
1 m u 1 u 1 m u 1 m u

m

B SRV Yoo V.o f - Y AR AT -.F < Y - A¥ « FA SR AL A
?
N

BY < AY AR -4 - .OF - £¥ <Yy -.¥v <2 « FA AR <Yy
BY A YA | - AD - ¥y LA AR N CA R - .£9 < YY < YA
B¢ < 2y < YY | - AD AR - OF < OA < ¥¥ <Y VAY AR SNG4 A
Be < FA Y | AP < .OA < Y e AR - .57 + DA LAYA N - Yy
B1 <AY | A | - Af <00 o B < £y < YA <OV EAAY CAA SN A
BY AR <f7 | -2Y AR + O <OV - V¥ - fA + DA 4 A A N4
BA AN < 2y < VY < OY < OA < 2V AN +.0) + 50 <Y < .YO A
BA <O <2 EAAY <0 <00 e - YO < OY AR AR AL <Yy
B e OV | - FA - .0F < 2y <29 - - fY < OY A - Y¥ A
BY) <AY | A | - Af SAN + DA - Y AR - fY < OY (A < YY A
BYY EATA A < AY SAN SN « 2y AN - ff - OF < FA A A -Yo
BYY | -°Y < YY | - AD AR - OF +.OA -5 < 2y < AF SAAY U4 -.v4
BY¢ - 29 <ya | -4 AN LAY o7 AR <A + £ AL <O -.v4
BYe e <Ya | -A- <OV - OF (e AR < 2y -y AL <O -.v4
BY1 cAf | Ve V.o «5¥ A AT AR < OY AR CAAY - .Y¥ <Yy

AJa.:‘) )‘ solazwl lJ/l)‘.\.G.AwM \.\.»4154 Cowds (YV)B (Y?) Ja.:‘j) )I oél.o.w‘l)w).w AJPL 3Ql ).ubLa.a 4.l>).a U"‘ )éu,u.w
20 g ca dle 4 5o sl (VA) alasl) 5l eolaiwl b (Kj) jhiiel o sl 000l sy (+ 0 VY o= YFY (0 £52) (V)
o oo ool glsn otz gyl (D) alal) (6516 Slacl Coglsl aess (sl omnd geaz 5 Al 5l oolizd b (51

Table Ye. Calculations and results of the Z-WASPAS method

Barrier Q; i K; u(Ki, | Ra
1 m u | m u | m u K) | nk
Lack of
BY sufficient - £y <) \.¥q <\Y AR A YYD 0N | YA | a, Y \
financial . I Y q A f 4 ¢ q Y
resources

YY



BY

Lack of a
developm
ent
strategy

- ¥Y

LA

< MF

<Y

<. YA

~]Y~

~]Y’~

¢80

)

v, 64

BY

Low
risk-takin
g (low
risk
appetite)

LA

.7

<A

- Xf

« Yo

)

Y

~)OV

B¢

Shortage
of
qualified
personnel

3

< 20

AR

- ¥

VA

h,VO

V00

LY

Insufficie
nt
number
of staff

- ¥V

CAAY

-\ F

. Yf

AR

h,YO

n,in

ey

AR

B1

No
dedicated
unit for
implemen
ting smart
systems
in
logistics

.5

< £y

< AY

. ¥Y

Y0

OYY

ERY

~)D~k

BY

Lack of
customer
demand

<0

AR

<A

< NOF

~)~V

AR

Y1

~,\‘~

V1

BA

Poor
linkage
with the
external
environm
ent

<YV

- ¥Y

- £24

<Y

vy

oYY

VYA

~,i~

'Y

B4

Lack of
trust
among
partners

. X¥

AR

CAAY

<Y

. Yf

o, VY

VY

BY

Deficienc
ies in
regulation
S

<Yy

< 2VY

AR

< AP

',Y'

Yo

BY)

Unfavour
able
macroeco
nomic

- XY

<00

CAN

< N\F

S X¥P

Y4

Yy




condition
S
Lackof | .v¢ | .. S ST 2 0 T ISV IRV P I
BYY | governme - SYY \e
£ . \ v \ \ ¢ a Y
nt support
High
gy | implemen PYT ]SOV VY et AN XYy ry | ed | ey |
tation 2 b \ % A ) ° ° ¥ °
costs
B¢ System AN LR A c oA SATA EAT N N L O N & O BN B I 1 '
instability | . \ ¥ 2 A ° A 1 A
Divergent
BYe objectives S0 1 S AT W (R VA w IR U B O S T IR RV RO of Y N Y N RS-V .
among Y 4 . 3 Y o A ) . q
partners
Administr
Bt ative CEE | CAY VA0 | cN0 | oexs e | Y e e Lot
bureaucra N 4 Y \ q Y ° q ¢
cy

4Bt ,B) g (FPIPRECIA-ZWASPAS) (soleit 3,505, ool y 45 35500 oualive 18 Jgur & 455 L
by arejls g oud a8 S Jlas o Sl ion @lge plore 4 Blge cnl S0 Slo 4wl a8 S 15 gs 5 Jol slacaglsl o cos 5
3 AT caglsl 13 BY @il 0855 s (g oo i & azgil Geigpan il o Sy [ (Dol DLl gz i)
3 kel gy ell 2 a5 395 o0 00alin V7 Jgaz )3 Gudzes g wdlyed (ol Slelidl 4 3L ol Sl o g i8S
polez oKlx jo Spiie yeb 4 BYO 3 BYY wilge sl pyogdle .l i85 )18 S, Caglsl ;o BT gile (s RPN
V8 sl atws VF ol ailge sw FMEA o S5 copl plo il 58,5 15 ool ool j0 S i 3b 4 BY 3B
A BO059 5 Caxhad pae bl b (58 S el o Cys 4 (g8 WASPAS 5,505, ;0 cins opl sl 00,5 (gomas, atws
#BYO g e cuglgl o BV (gl caglsl 10 BY (g, ol 51 ol sanza gyl (ol 5 a5 |z sl oad )b 5 Lo, a5
3,509y ilwesly Sl Jol> @l wes o plis @l il esd plabid Jlou gle plgie g ail a5 )15 e oyl
5005 Jos aslia Ly Jliow ailse (alulids )0 [YA] plicebol LB og, G lsie 4 (558 WASPAS g, b soloriy
A 5o e 4 gl (pl a8 canl Sglite @ilge (gaalaglsl 9 50 iz 50 ad g wad oo (LA, AVF (Kicen o o S
39790 Sy, 4 Camd (Sl 9,505, 50 (nl &5 WBboe Jelge polie )3 Cuabad pue LS )0 Gliebol Sl (285

Ao oo lid 1y olosl o

P e SBGD9) 5 ool 3,50, 5l ol auaglyl anslie V7 Jgoo
Table ) 1. Comparison of ranking by proposed approach and conventional methods

FMEA Fuzzy WASPAS Proposed
approach

RPN Rank | Score ’ Rank Score ’ Rank

v¥



B) Vevy 5 N7 \ LYEY \
BY Very A - FYY A e A
BY VY- \ - FY¥ v V,0YA $
B¢ YELXYYY |- RTa f IV \
Be VYA V) LX) VY CEYA V)
B* VYO S5V \z - £ 5 .,004 5
BY OYASFEY | Y SXeA Yz Gt Yz
BA $A. 558V | Y S¥a. VY CEA VY
BS VYA V) . Xaf V) CENT VY
B VA SSSY q S V0 CTVY V0
B V) FP PV ¥ Sf)- . G ETA q
BYY | oVEsesY | OfF - ¥ Ve CTAY VY
BYY | W\\fssy ) - FEA $ .,ov0 v
B¢ VoYESSY v - ¥4 q V664 y.
BYo V) FP PV ¥ a1 ¥ ., 0A4 i
B\ VEVASSY \ - OV \ e ¥

olpig 9,505, b awslie ,o JolS samas, «il)l o otw RPN lisl g 56 WASPAS s 0 slaig, b F JS&

IRE-X P olas Lumghy ol

\z/\\/ /\,

BY BY BY BY B B? BY BA BY BY: BYY B'YY B'YY BYY BYd BY?

V\Y

\

— —FMEA = =—Fuzzy WASPAS Proposed approach

RPN ;L 5 556 WASPAS FPIPRECIA-ZWASPAS (slos Ss5, bl 52 lge siniagls] danylio 8¥ IS

Fig. Y. Comparison of barriers prioritization based on FPIPRECIA-ZWASPAS, fuzzy WASPAS, and
RPN score approaches

Yo



e s iy 0.

Sz (g3lwooly jo Lol mile g0 ol (695m0 99005 5 (Jbo laiudgasms a5 w2 o i Zgdg4 FMEA >
oy CiS3l £33 330 slalod plowl s arast g el ol ok 1) 4205 Wb Copde it diedes
Byl |y azog Lo g esls (2als ) ledise wlg oo (2l ey Ciz b g sl )8l sladaliy (595 5 ROD)
@B b ((Byb 5l o0 Bgite g axlge 4235 090eS b (I ia sl g laan e 380 U8 (e Sl laejgp aiS
So90e Sgete by Jlo slaylad i oo Jlio 1) Jlezms J925 5 ool plonil caslis 15k 0 b 1) )18 ke p 632 y20l 0 o5
WS (6 S SRl gyl Ol |y dedige Siaad 039 n b &858 cpl wB)l (lpoe @SS jsbdy S (oo s
ol lod 4,.3,5 anlys axlye St L L g diBgte ) o5 n 2] (ot HB skt L e a2 jp0 nl a0
Ol S Gl @) (sl el sadanB Ll slaolSlS 5l (S sale (6955 S9aeS el (55900 Lulpd a2y Sl (555 ang
335l cabes o Sloslagygys Glagisel Jold wlgi oo cnl S Lzl & 5 (Go s (Kl anwgs asliy o b 5,0
Siisel pleol il ol 6,eSol Kim s ol )| clyy Mg ALl 5 23 ool pel b (6, Kan qoans gloaslalsS
(b 5l e oya aar Glapiees b e e Gl 05 o redl GLS I Sloss oy allss 5 o0 ,Slas Gloal
5 95de 5l waz glaanlp s Ll glaesinly GLal el Sl 5 iidsSS b S enabisel o
359l e cavsay |y el 000 sl gdingu

Jrol> Gliabl b )l e el (555 50 diadigh S (g3lwonly A T8 )0 ki o e g SOl (loguen 3T 50
Sloladl ol iy, shiledir 5 Cosl 1555 0l ol oe samlie LB 5 sy Colos j diadipn St 0555 45 A
Szl S 55 oan Cupe g onle (SLuil (59, S ete plisiul b 3igel (S Aoy el ol (o poe solS
) sdedish St B3ge 2l wilgior <550 pulglmmalse ol s (230 b Cenl Gy 4 YL 51 S5l

S s T
cq> Z-WASPAS § F-PIPRECIA o g, j oolitwl b ax LS Gl G @l Goa b yol> gudiss
5 = (oS by Bk g 03 6005 Bua L Sl Budod (pl Sdpdy Dy diedsn St iluosly Elge b))
aalsl jo ol ool FMEA 05 LB jo (el 0,005 Co pde g St 055 10 0,03 dus (5,50 51 Lidgh (pl 0 bl o0
ol s Jolds alalign St el aiBlanngs For Corio 4y I8 L aiedign Sz (g5lwosly culls Gl b

At St ilwooly Cugz nlye lins Gllie So2g b and Stz glaany 13 LIS songe il absy 45 e
Sl lsye5 5 (So38lis, Comal Gl aralion Siiad (giluesly &g gonas, 5 alulid o) cnl 1ol ve2g
sl gy (5 ) 27 eeslio sy el Jedo @ a5 Ceol FMEA s, cailse (g 5 alolids slos S,
Ol dgete JLis @ ol SKighy 5l (B p a5 sl 0ads ot (g (nl la Sl g chnd BlE () (nl 0 )5 (S90S 3529 L
F-PIPRECIA _ss, 5l soliul b FMEA alanuss 5,503, o b cndsl sl ciibaie il 35 ool plis sl pgms e s,
5 ol py sl o 4] A Sz (6 lwoolsy glge (st syl gz Z-WASPAS 4 o, Las 5 00055 St
Caslsl o g oa il Sl ailss laie 4 "Lal b azly LSS 55meS™ 5" 35 e solie gmaS” w5 4 cokol Cansily
Sleladl aiojls pol> Jlo 58 5 00 bl ST coslsl olsie 4" b e (gm0 51 Lo 3525 pac” ( B,k jl it (Sa,
ol s, @l pas wiile po e FMEA (5, (aBlys (50 ad) @ yomie aBlianass (5 5l ool il oo (>3l

vs



AL S plgie @ g ley e soleing 3,505, 50 Geigres el 0ad b jlins sl (59 85 S 50 pas g laa S
50 O 3 game slaws el sals 48,5 s s FMEA 15, 0 2aS Jlaist 5 £585 aods sla,lore [US [0 2 ppoe ot
oz 5l del w28 plie 5 Gt bl 3 51 S5 e (s panasS pis eizen g diedss Sz ojg>
gy drmgi 5yl gl slacudgaze gb) sbiwly jo 1) 093 Dliios L sans] jo abbige (Regh ool slacasgace
355 &3 5 QTUNG ¢ 5,5elid (516 oL Coalad pue (sladanzms ) o)Lrediz (6,05 prouad (sloghg, jl ealinal L FMEA
@S slagy liw 100,59, cpl g cpl (oleainn 9,500, (gilwosly (sl ool colaiwl alis 31 €18 0ls puales b xS

B dwles Ll LB 3 Y g Sy Jdoed 5 oluliss

S Sl

Ll 5| prizman 5 GL1S ol opie Cutad el 5 el wyl 35S sole WIS o gl 5l i Jol> allie ol
Wiils (6 e Giogh ol jo a8 il Sl paio oKL SaslS § 30 (wiige g ol (wiige sloouSiisly sole ciin
33,5 (o0 (088 g S

Yy



AR

VY

VY

V¢

(References) =10

. Tang, X., Y+ Y+ Research on smart logistics model based on internet of things technology.

IEEFE Access, M\, YeYYo«-VoVYoq https://doi.org/) +, V) + A/ACCESS. Y+ Y+, ¥+ VAVY .
Song, Y., Yu, F. R., Zhou, L., Yang, X., and He, Z., Y+ Y+. Applications of the internet of
things (IoT) in smart logistics: a comprehensive survey. IEEE Internet of Things Journal,
A(V), €Yo _£YVE https://doi.org/) V) »A/JIOT. Y+ Y.,V VEVAS,

. Lee, S., Kang, Y., and Prabhu, V. V., Y+ 11, Smart logistics: distributed control of green

crowdsourced parcel services. International Journal of Production Research, ©£(YY),
T407.0497A, https://doi_org/\ YA/ Y Yoy Y Y0,V YT Y AT,

. Jafarzadeh Ghoushchi, S., Memarpour Ghiaci, A., Rahnamay Bonab, S., and

Ranjbarzadeh, R., Y+YY. Barriers to circular economy implementation in designing of
sustainable medical waste management systems using a new extended decision-making
and FMEA models. Environmental Science and Pollution Research, Y-)1.
https://doi.org/) +,Y + «V/sV IV« YY1+ VA7,

. Ghoushchi, S. J., Yousefi, S., and Khazaeili, M., Y+)4%. An extended FMEA approach

based on the Z-MOORA and fuzzy BWM for prioritization of failures. Applied Soft
Computing, A, Y +©2+2_https://doi.org/) +,) + YV /j.asoc. Y+ V3,V 000,

. Jafarzadeh Ghoushchi, S., Shaffiee Haghshenas, S., Memarpour Ghiaci, A., Guido, G., and

Vitale, A., Y+YY. Road safety assessment and risks prioritization using an integrated
SWARA and MARCOS approach under spherical fuzzy environment. Neural Computing
and Applications, -\ . https://doi.org/) +, Y« «V/g+ + YV« YY_ VAV £,

. Fleisch, E., Christ, O., and Dierkes, M., Y+ 2. Die betriecbswirtschaftliche vision des

internets der dinge. In Das Internet der Dinge (pp. Y-YV): Springer.
https://doi'org/\ Y VYo LYAYAAA Y

. Uckelmann, D., Y+ +A. A definition app_roach to smart logistics. Paper presented at the

International  Conference on Next Generation Wired/Wireless  Networking.
https://doi.org/) +,) ++ V/AYAY.0£ A0+ .Y YA,

. Barreto, L., Amaral, A., and Pereira, T., Y DY, Industry £,+ implications in logistics: an

OVerview. Procedia Manufacturing, ‘Y, YYéoyvoy,
https://doi.org/) «5) « Y Vjipromfg.Y+ V)V, 4, ¢0,

. Cullity, B., Y3Y¥Y. Introduction to magnetic materials (MA, USA. In: Addison-Wesley,

Reading.

.Lin, C.-C., and Yang, J.-W., Y+ YA, Cost-efficient deployment of fog computing systems at

logistics centers in industry £,+. I[EEE Transactions on lindustrial Informatics, £()+),
€1.Y-£)Y https://doi.org/Y +, V) + A/TILY « YA, YAYYAY .,

.Zhang, C., and Peng, D., Y+Y. Countermeasures on how to develop China’s smart

logistics. China Business and Market, ) +()), Y°-Y4.

.Zhang, Y., Liu, S., Liu, Y., Yang, H., Li, M., Huisingh, D., and Wang, L., Y+ A, The

‘internet of things’ enabled real-time scheduling for remanufacturing of automobile
engines. Journal of Cleaner Production, VAo, ely._ove,
https://doi.org/Y «,) + YV/j.jelepro.Y « YA, + ¥, 7Y,

.Zhao, L., Y+ « ©, Intelligent logistics and its supporting technology. Journal. Intell, Y¢(\Y),

iq_°~.

YA


https://doi.org/10.1109/ACCESS.2020.3016330
https://doi.org/10.1109/JIOT.2020.3034385
https://doi.org/10.1080/00207543.2015.1132856
https://doi.org/10.1007/s11356-022-19018-z
https://doi.org/10.1016/j.asoc.2019.105505
https://doi.org/10.1007/s00521-022-07929-4
https://doi.org/10.1007/3-540-28299-8_1
https://doi.org/10.1007/978-3-540-85500-2_28
https://doi.org/10.1016/j.promfg.2017.09.045
https://doi.org/10.1109/TII.2018.2827920
https://doi.org/10.1016/j.jclepro.2018.02.061

Yo,

V1

\RY

YA

Y4

Y)Y

Yy

Yy

¥¢

Yo

¥

McFarlane, D., Giannikas, V., and Lu, W., Y+)1, Intelligent logistics: Involving the
customer. Computers in Industry, A, Yeodve,
https://doi.org/) +,) *YV/j.compind.Y+ V&,V +,« + Y,

. Ghoushchi, S. J., Jalalat, S. M., Bonab, S. R., Ghiaci, A. M., Haseli, G., and Tomaskova,

H., Y+ YY. Evaluation of wind turbine failure modes using the developed SWARA-CoCoSo

methods based on the spherical fuzzy environment. [EEE Access, Y+, AVYO«-ATV1E
https://doi.org/) +,) ) + 9/ACCESS.Y+ YY,¥144Yy0e4,

.Sumrit, D., and Keeratibhubordee, J., Y+«Y°. Risk assessment framework for reverse

logistics in waste plastic recycle industry: A hybrid approach incorporating FMEA decision
model with AHP-LOPCOW-ARAS under trapezoidal fuzzy set. Decision Making:
Applications in Management and Engineering, EY-AY,
https://doi.org/Y «,¥Y YAY /dmameAY Y+ YO3AE,

. Phokee, W., Chaiklieng, S., Boriwan, P., Phoka, T., Vanoirbeek, J. and Chatpun, S., Y+ Yo,

A Cascading Delphi Method-Based FMEA Risk Assessment Framework for Surgical
Instrument Design: A Case Study of a Fetoscope. Applied Sciences, Y°())), p.1Y Y.
https://doi.org/) +, YV +/app) oV IY . ¥,

. Kumari, S., Ahmad, K., Khan, Z.A. and Ahmad, S., Y+ Y°. Analysing the failure modes of

water treatment plant using FMEA based on fuzzy AHP and fuzzy VIKOR methods.

Arabian Journal for Science and Engineering, pp.Y-)1. https://doi.org/Y+,) + +V/s) ¥Y14-
.YD_\ e ~_/\'

. Deepak, D., Brar, G.S., Dwivedi, S., Farwaha, H.S., Ranjan, N., Alkhaleel, B.A. and

Pandey, S., Y+ Y°. Optimizing concrete pump maintenance in the construction sector using
enhanced MCDM techniques. Scientific Reports, Yo(Y), p YA
https://doi.org/Y +,) + YA/s€Y0AA- 1 YO_AALAY T,

.Rashidian, F., Eydi, A., and Roghanian, E., Y+Y£, Reliable and green road-rail routing

using a hybrid procedure of DANP, COCOSO, and FMEA criticality methods: A case
study of cement transportation network in Iran. Journal of Cleaner Production, €%V,
YéryYo. https:/doi.org/V +,) + YV jclepro. Y+ YE,V €YYo

. Altubaishe, B., and Desai, S., Y+YY. Multicriteria decision making in supply chain

management using FMEA and hybrid AHP-PROMETHEE algorithms. Sensors, YY(A),
€+ &) https://doi.org/) YV /sYV AL )Y,

JJin, G.; Meng, Q., and Feng, W., Y+ YY, Optimization of Logistics System with Fuzzy

FMEA-AHP Methodology. Processes, Ye(V ), Yavy,
https://doi.org/Y +, Y'Y+ /pr) « Y« Y AVY,

. Oturake1, M., and Konyalioglu, A. K., Y+ YY. Action selection based on fuzzy AHP-based

TOPSIS method in fuzzy FMEA-based risk assessment: A case study. Paper presented at
the — International ~ Conference  on  Intelligent — and  Fuzzy  Systems.
https://doi'org/\ Y e V/AVALY LYY L) VV-O_i o,

. Bathrinath, S., Mohan, S., Koppiahraj, K., Bhalaji, R., and Santhi, B., Y+ YY. Analysis of

factors affecting sustainable performance in construction sites using fuzzy AHP-WASPAS
methods. Materials Today: Proceedings. https://doi.org/Y+,) + Y V/j.matpr. Y+ YV, ¥,V4Y,

.Pourmehdi, M., Paydar, M. M., and Asadi-Gangraj, E., Y+Y). Reaching sustainability

through collection center selection considering risk: using the integration of Fuzzy ANP-
TOPSIS and FMEA. Soft Computing, Yo\ 1), YeAACY L ARS,
https://doi.org/Y +,Y « +V/g+ + 0+ e+ Y)-+ OVATY,

Y4


https://doi.org/10.1016/j.compind.2015.10.002
https://doi.org/10.1109/ACCESS.2022.3199359
https://doi.org/10.31181/dmame812025984
https://doi.org/10.3390/app15116203
https://doi.org/10.1007/s13369-025-10000-8
https://doi.org/10.1007/s13369-025-10000-8
https://doi.org/10.1038/s41598-025-98481-3
https://doi.org/10.1016/j.jclepro.2024.141250
https://doi.org/10.3390/s23084041
https://doi.org/10.3390/pr10101973
https://doi.org/10.1007/978-3-031-09173-5_45
https://doi.org/10.1016/j.matpr.2022.03.393
https://doi.org/10.1007/s00500-021-05786-2

YV.

YA

A\

AR

vy

Yy

Ye
Yo

1

v

YA

Alvand, A., Mirhosseini, S. M., Ehsanifar, M., Zeighami, E., and Mohammadi, A., Y+ Y).
Identification and assessment of risk in construction projects using the integrated FMEA -
SWARA-WASPAS model under fuzzy environment: a case study of a construction project

in Iran.  International  Journal  of  Construction  Management, )-YY.
https://doi.org/) *+,) +A+/Y0TYY04],Y.Y),YAVYVAYe,

. Stanujkic, D., Zavadskas, E. K., Karabasevic, D., Smarandache, F., and Turskis, Z., Y+ V.

The use of the pivot pairwise relative criteria importance assessment method for
determining the weights of criteria. Infinite Study.

.Kersuliene, V., Zavadskas, E.K. and Turskis, Z., Y+)+. Selection of rational dispute

resolution method by applying new step-wise weight assessment ratio analysis (SWARA).
Journal  of  business  economics and  management, V)(Y), pp.YEV-YOA
https://doi.org/) «,YA£ /ibem. Y)Y,

. Popovic, G., Stanujkic, D., Mihic, M., Smarandache, F., Karabasevic, D. and Mircetic, V.,

Y+Yo, The single-valued Neutrosophic extension of the PIPRECIA method. Knowledge-
Based Systems, YV°, p N YYYV)Y  https://doi.org/) +,) + Y V/j.knosys. Y+ Y,V T YY),

. Ghiaci, A.M. and Gheidar-Kheljani, J., Y+ Y. A hybrid model of extended FMEA model

based on F-PIPRECIA and Z-EDAS methods with Bow Tie to evaluate cybersecurity risks
in Industry ¢,+. Engineering Management and Soft, Computing, 3(Y), pp.)¢3-)V1.
https://doi.org/Y+,YY +%) /jemsc.Y+ Y£,3TEY,) Y Vo,

. Ghoushchi, S.J., Bonab, S.R., Ghiaci, A.M., Haseli, G., Tomaskova, H. and Hajiaghaei-

Keshteli, M., Y+ Y. Landfill site selection for medical waste using an integrated SWARA -
WASPAS framework based on spherical fuzzy set. Sustainability, ‘Y (Y¢), p.\Vie.,
https://doi.org/) +, YV +/sul YY) V4o« [in Persian]

. Yicenur, G.N. and Maden, A., Y+Y°. Location selection for a photovoltaic agricultural

with f-PIPRECIA and WASPAS methods: A case study. Energy, Y&, p)VEI)Vi,
https://doi.org/) +,Y + YV /j.energy. Y« Y€,V E1 V4,

.Lotfi, Z., Y31°_ Fuzzy sets. Information and control, N(Y), YYA-YoY,
.Wang, Y.J., Y+)°, Ranking triangle and trapezoidal fuzzy numbers based on the relative

preference relation.  Applied — mathematical —modelling, Y(Y), pp.cA1-234,
https://doi.org/) VY Vj.apm. Y+ V€, 7,0,

.Zadeh, L. A., Y+)). A note on Z-numbers. Information Sciences, YAY()£), YAYY-YAYY,

https://doi.org/) +5) « Y1/1.ins. Y« V), ¥, VY,

.Zavadskas, E. K., Turskis, Z., Antucheviciene, J., and Zakarevicius, A., Y-V,

Optimization of weighted aggregated sum product assessment. Elektronika ir
elektrotechnika, VY Y(1), Y-, https://doi.org/) +,°V22/j+Y.eee N YY, T, AN+,

. Chakraborty, S., and Saha, A. K., Y+YY. A framework of LR fuzzy AHP and fuzzy

WASPAS for health care waste recycling technology. Applied Soft Computing, YV,
Y AYAA https://doi.org/) +,) <V V/j.as0c. Y+ YY, ) 1 AVAA,



https://doi.org/10.1080/15623599.2021.1877875
https://doi.org/10.3846%20/jbem.%202010.12
https://doi.org/10.1016/j.knosys.2025.113271
https://doi.org/10.22091/jemsc.2024.9642.1175
https://doi.org/10.3390/su132413950
https://doi.org/10.1016/j.energy.2024.134179
https://doi.org/10.1016/j.apm.2014.06.011
https://doi.org/10.1016/j.ins.2011.02.022
https://doi.org/10.5755/j01.eee.122.6.1810
https://doi.org/10.1016/j.asoc.2022.109388

