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Abstract

Objectives: As industrial systems become increasingly complex and
technologically advanced, the human role in ensuring safety and efficiency
remains indispensable. This study aimed to present a comprehensive review
of Human Reliability Assessment research published between 2010 and
2023. It compares human reliability assessment (HRA) methodologies with
emerging technologies, such as artificial intelligence and lights-out
manufacturing, identifies existing research gaps, and analyzes the analytical
techniques employed and the industrial sectors addressed.

Methods: A systematic search of major scientific databases using domain-
specific keywords yielded over 230 publications. After removing duplicate
studies, 180 articles were selected for detailed analysis. Each article was
evaluated based on methodology, industrial application, country,
institutional affiliation, and publishing outlet.

Results: The results indicated that the most frequently applied approaches in
HRA research were the systematic human error reduction and prediction
approach (SHERPA), cognitive reliability and error analysis method (CREAM),
and fuzzy mathematics. The United States, China, and South Korea emerged
as leading contributors to this field. The findings revealed that neither
qualitative nor quantitative methods alone are sufficient to fulfill the three core
objectives of HRA: error identification, probability estimation, and control
design. Therefore, a hybrid approach was recommended by integrating
SHERPA and Tecnica Empirica Stima Errori Operatori (TESEO). SHERPA
provides comprehensive coverage of error identification and the design of
effective control measures, while TESEO facilitates rapid, conservative
probability estimation. These methods provided a practical and efficient
framework for achieving HRA objectives within operational constraints.
Additionally, ten key research gaps were identified.

Conclusion: The SHERPA-TESEO hybrid framework presents a viable strategy
for achieving the core goals of HRA. Nonetheless, a shift from static to
dynamic and data-driven models is necessary in the context of intelligent
environments and operator-free production. Recommended developments
include revising SHERPA’s cognitive task classifications, recalibrating
TESEO's adjustment factors, and integrating real-time data with human-
artificial intelligence (Al) interaction. These advancements are expected to
significantly enhance real-time prediction of human error risks and support
timely intervention strategies.

Keywords: Artificial intelligence, Human error, Hybrid framework, Human
reliability, Lights-out manufacturing
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Extended Abstract

Background and Objective

Technological advancements, while reducing human
physical presence, have amplified the functional role of
equipment. However, it has simultaneously increased
the impact of human performance on efficiency,
reliability, and safety. With the emergence of artificial
intelligence (Al), the Internet of Things (IoT), and
concepts, such as lights-out manufacturing, human
errors have shifted to higher levels, such as algorithm
design and human—intelligent system interaction,
thereby transforming the nature of errors. Existing
evidence indicates that the interplay between technical
and human micro-events within time—condition—action
sequences is a significant cause of incidents, resulting in
diverse losses. Therefore, safeguarding strategic
industries requires a systematic approach to managing
human error.

Human reliability assessment (HRA), relying on
systems engineering and cognitive science, has evolved
through three generations: the first with a success—
failure orientation, the second with a cognitive
approach, and the third emphasizing the dynamics and
interdependencies of contributing factors. This study
systematically reviews HRA research, examines the
expansion of Al and lights-out manufacturing, and
identifies existing research gaps, focusing on data-
centered, real-time integration, and emerging
technologies.

Materials and Methods

Relevant studies were retrieved using the keywords
"Human Reliability," "Human Error,” "Human
Reliability Analysis," "Possibility of Human Error," and
"System Safety" from Google Scholar, covering the
period 2010-2023. For a complementary exploration
and anticipation of contemporary research approaches,
additional keywords, "AL" "Lights-Out Manufacturing
(LOM)," and "IoT", were applied. Two independent
reviewers screened titles, abstracts, and conclusions,
excluding duplicates and irrelevant studies. The initial
screening yielded over 230 publications, which were
reduced to 180 after removing studies with overlapping
results. The key data extracted included the
methodology, the targeted industrial domain, the
country of origin, and the affiliated research institution.

Results

The results revealed a substantial increase in the number
and diversity of HRA studies. Between 2010 and 2015,
the research volume grew by 200%, reached relative
stability until 2020, and recently peaked. Technological
advancement and the increasing complexity of modern
equipment in the coming years are expected to further
stimulate the development of HRA studies. Most HRA
studies were concentrated in industries characterized by
substantial human  workforce  or  manually
manufacturing or assembly workstations, production
processes controlled by interactive systems, high
accident potential, high potential to compromise product
quality, products with critical sensitivity in production
or use (e.g., pharmaceuticals, food), and specialized
production processes. The most frequently studied
sectors included nuclear, process, method development,
maritime transport, healthcare, software development,

industrial automation, railways, aviation, maintenance,
manual assembly and construction, and road transport.
The United States, China, and South Korea were
identified as the major centers of knowledge production,
with the Korea Atomic Energy Research Institute being
the most active institution.

An analysis of HRA studies revealed ten main research
gaps. A systematic analysis of related research
published between 2010 and 2023 showed that 42% of
studies applied fuzzy mathematics, cognitive reliability,
and error analysis method (CREAM), or systematic
human error reduction and prediction approach
(SHERPA)—indicating their broad applicability across
industries. To facilitate appropriate method selection,
this study identified and compared the characteristics of
commonly used HRA methods. The findings highlight
that SHERPA, human error assessment and
reduction technique (HEART), CREAM, and Tecnica
Empirica Stima Errori Operatori (TESEQO) techniques
exhibit strong applicability and effectiveness in
evaluating human reliability in a wide range of
industries. Implementing SPAR-H and TESEO is
relatively quick, whereas SHERPA, CREAM, and
ATHEANA require longer analysis time. SHERPA, the
only structured qualitative and task-based approach,
proved effective for identifying critical points and
designing preventive actions. TESEO was the only fully
quantitative method. Accordingly, to fulfill the core
objectives of HRA—identifying errors, estimating their
probabilities, and proposing control measures—a hybrid
qualitative—quantitative SHERPA-TESEO approach is
proposed. This approach is broadly applicable, time-
efficient, and capable of conservatively estimating error
probabilities.

Discussion

With the widespread adoption of Al, traditional HRA
methodologies require fundamental revisions. Such
transformation should be guided by five pillars:
transition from static to dynamic analysis, integration
with cognitive and neuro-based sciences, convergence
with digital modeling, standardization and policy-
making integration, and proliferation of lights-out
manufacturing systems. The rise of Al IoT, and LOM
technologies necessitates the redesign of the SHERPA—
TESEO hybrid approach. Within SHERPA, task
classifications should be extended to cognitive—
managerial decision-making and algorithm design/data
analytics roles. TESEO should incorporate corrective
coefficients addressing software complexity, interface
transparency, and automation dependency. Integrating
real-time data and human—Al interaction will enable
proactive error prediction and management of over-trust
and misinterpretation.

Conclusion

This study provides a comprehensive overview of HRA
research across various industries. A comparative
analysis of existing methods underscores the need to
adopt a hybrid strategy to achieve the fundamental
objectives of HRA. In the future technological
landscape, transitioning from static analyses to dynamic,
data-driven models, integrating real-time data, and
shifting from a human—machine to a human—Al
perspective are imperative. Consequently, maintaining




the effectiveness of the proposed SHERPA-TESEO
hybrid approach in intelligent, lights-out manufacturing
environments requires revising cognitive  task
classifications in SHERPA and recalibrating correction
coefficients in TESEO. These modifications strengthen

real-time prediction of human error risk and timely
interventions. Ultimately, ten research gaps, particularly
related to data-drivenness and real-time analytics, were
identified for future investigation.

Please cite this article as follows: Nikray AR, Vesali Nasech MR, Mohammadi A. An Analytical Perspective on Human Reliability
Assessment and Human Error Risk Studies (2010-2023): Exploring the Role of Artificial Intelligence and Lights-Out
Manufacturing. Iran J Ergon. 2025; 13(3): 235-248 DOI: 10.53208/1JE.13.3.235



http://www.doi.org/10.53208/IJE.13.3.235

* —_—
0P Hf dxo
TYO-YFA ilrio AFF juls ¥ oylad I¥ 090

R DOI: 10.53208/1JE.13.3.235
UMSHA Press https://journal.iehfs.ir/

v pwS 3 (B b Sl sl Sy Jukxi g lineb! Culil (U ) 5 Sl g s
9,0 8,5 g s guan igh
T goozmo lee Mol Jlog Lo juome o 61,05 Lo pule

2l ST STyl oSS ¢ paskio 5 o28 SAKES eyl yos sosikigeo 09,5

ouuSe
VECFONY allie cdly o g b

VEF/VIYY tddlio (gy9lo &b
) VEF/ VYO il (o iy 2 ,b
SLE B egras h9e i lais,gld b lag] Ll cilitie (Ldod sla by, daslie 5 lulid VECE Y el HLa G,
o= FUIRW GlLuL..m Ry YYy. )l Y ‘L5°J‘C 6L€bol§.\b 2 ‘5.&4.7!.1 L$L‘°°)‘9“\"15 6}"5)[54‘ l; Z)IS uﬂj)

Bap golio owlid iy i 5l OVl el Slsasl les Julos slp aslllas YA+ o)1,S5 quls Bis | S pole oSl (sl jii Goio (golos
R Jé}&?m Qk\.o.m

Ll 5 (el 3 Glasl GRS ¢ gomereas slags gl 3959 5 (st slaailels (yud Soasmy L i Slual
QO NeYY LB Y-y S)L ) HRA olWlas 90 lJ w&sf qu el odile ‘;L qu..lS QL«M LQW

Nl daglile 5 (g c0diS pie Sloxe 5 (57 Aube 9 5585
Sldlas ol 4o 1y 80,15 o jidcs Fuzzy Mathematics 3 CREAM SHERPA (glo g ;oadl
ols las ooy, Judod uls ais bl g i o )olS Glgicds pgim 6,5 ¢ (x> odscia VL] Laslaiils
b g Jloaml 3591 dlas Slolis) HRA &5an Glaal cans 0B St gl o5 b S by, zud
gy b lallas ;55 g lulis L SHERPA-TESEO oS5 o,5a, 501 di) a8 e 1, (loyuss 9 5™ 885810 gond (susilpes 09,5
15 b ol asll5 60,55, lsieds TESEO Uiy, b Uas Jlazol &iligay 5 & oo 05152 s SHERPA Oll B o oBLals ¢ wiipee

(G0 uub.c J’:.w.ﬂ ol gi

RV 431)| 9 ledL«.uJ Ls-..lb}).l GBI oo ‘C,ul.e)

_ . _ . mohammadi.a@qom.ac.ir: J!

HRA &5aw Glaal 4 olows gl Sllee 5,50l SHERPA-TESEO .S ;5 5,54, 1§35 45

3 el ol bl SHERPA o oolis by 6,550 ioghy ol ol (559,80 j9ome0sls

..\.1‘53‘50 as kS)'“'“""’" ‘..\.«5‘50 QLQ,«.-.u.u |) (S g-an w}m l) UL‘“‘l J.«QL‘.T 9 uja)b)b dl.(bob‘b l) r:Lcol 9 TESEO
S o | pla dlas g Uas Sy glabasd oo oo

Eyman igh o Su,l B S o Slail liabl ol ¢ oS 5 3,50, Sl slas o3l auls

S Bl L ldl gl Sy, ol 5 oliebl culls syl Slallias s Lo el wgame Lo aamme ol Jlog Lo e ool S 1L
TYO-YFA NV FF 5l o agisl alome S0 ,5 G IS 5 ogine Lbon

A0dio
Al i Sladl (59, 9 [V O] ol il 38l Lo S s9a> Rl b glio ) )l 10 650l @ 08
Sl liadol bl d Y] 55 o Ggmme cdlad ploxl yo Jale il 3525l el ools Lolais! Slpgas 4 1) (6 St i eyl
95 [¥] 09 wolgs wiv (ctesl 5 (590900 50 Cpes Y ool g liabsl bl o Shoe j3  Sladl (69 LS (bl g

VEF 5l ¥ o,lod ¥ 0,93 o cogisSfalme | YA


http://www.doi.org/10.53208/IJE.13.3.235
http://www.doi.org/10.53208/IJE.13.3.235
http://www.doi.org/10.53208/IJE.13.3.235
mailto:mohammadi.a@qom.ac.ir
https://orcid.org/0000-0001-9397-4207
https://orcid.org/0000-0001-9397-4207

oh)les ¢ ol S5

s oo olas Sldlas )l 0529 ol pl jo L5 51 5L &olg>
JLo TVI7 (50lee joboas ¢ il ol 5 (26 S50 o (sl oS
JD6] sy ol 3 solamsl o8 Law Lo VOIA 5 S
A s ol b pallins jobody Srio Solg> 5las e A 51 iy
G 5k eoly> 989 4z ST 110] 088 oy sl sl
oot 50 Gladl ot s )] 51 Lo cansl gl slas
Sleas b Jaaze CotnS 10 Sald a4 9 0l skl 8 (5,90 40 40
097 $3% Sl 4 g9dg0 (nl Sl She laaiyse g Dl o>
alpls TN D] 59 s oo s 1L ) Bis 5 2955 ralS
A 50 00b; S Gle s o b g0 0], oo Sl cilo g3
DF] el 69,0 Gasa Sl slallas

Sl glallas Sy b5, 5 olabl Cobls Ll jslaieay
b Slal plaebl colls Lo slabs, 5l ooliiul s
Cawl 00 arogs (Human Reliability Assessment) HRA
LS pole sla g 5 e (owiign Db lagts,; cnl 0]
ol 5 Olaebl CllB yo Ll e (2l S0 yo )k, -
IR COVRYPUVR P SRL <51 PN FE S ) YGRS IS P S0
S 1 oleslegl o SO SEESS 09d oo oS po 5 293 ¢ s
2 50 ot 5 (5 Jolse plesl 4y ey slaiisy JalSS
s w0 Lo 236 5 Wil oo Sladl liebs] culils
Sls 9 bgy Aly 2 pow s eales 3 S (o0 polate 51,
DYA ] 518 55 105 bl 0 Shos 5o 30 Jelse b

Sl Gl glallas St Jelod 5 plisebsl cobB L)
o 4.,._‘3).:..\.1 u)}.o 9 Sldlae 40)L3L‘).3‘l)~) 9 Cn] oé),lmf
o, LiE el 5 Sgrge Sliniod sbilSs glubis jslaieay
b S5, el ) Sgzge sla by, dawys ,0) ST Slallas
Spe sty g5 9 Sl ol @mlS » 6900 (SBus Caio
Slallas gl FasSTy o (S0 ud ol ared )l oy ool
Ol eS canl 00 5 lais g0 1) gadge (] Coenl 05250
o B0 b pl> gl 9ycnlil Lol 0dd a5 1eS Eodga
sl glallas S, ol 5 o labsl cohls bl Slallas
S0 Bad mlio slulis day] Lesl Wy, wlidlhas ol ol
978 Dby g Slasbo o028 g ooliinl 950 slagty, (2L
o (5 59m0000 15 35 ad beulys jo el il aiwey ol jo
meplas uizmen g (S Dglad G g bosls (63l oM
il (SO, sledils IS SEFas o e Ry
ol 0l gl il 0595 (] 40 gz g0 Slids

FLTIY)
IS @l (Bls 5l ekl b oVlie (e gt
Human» «Human Error» «Human Reliability»
¢ «Possibility of Human Error» «Reliability Analysis
Google ) Yol 545 sols oL ,o «System Safety»
S sy yo b bl VoYYV JSlej 650 4o (Scholar
sloosly oS 5l ings Slalllae 5505) Gmin 5 @S (eSS

slos g, Ll Siptul g (egian A9n 9z (Sug slas,gkd
O 3wl os sl way )5 ol olosle jo 1) (slosls
Dl 5595 WalS slaails I 4 a5 canl Kb loails 15 gunlie
priians j3:a> (g9 o)Ll 5SS J5S wdg Dlles g 09 o
Sen g slaslp 5l Sl (5 i 3,5 oo plovl ol
(Joe 0 Ll gl jeai Sluil glallas LelS B> djieay col
iy Js gy 550 (b g (85 b &2 o] Syt
G2l S92l egtas (hgn pli olacs,gkd nl pogdle ol
Sl slallas | s slaaisS sl & sl (Kb 9
s el 80l e iadign sl g las! Jolas b o 1o
Ve l 4y o Sladl Glebl B sla Ldos 50 B el (5550
e azg Sl slallas o layy ] il ¢ 4l 5l

WSz o) S oS5 Jeloa gl wlye
laolayg, cnl wislior 3929 4 o Slusl sllaz 5 pitnns sl ol
obey Jg oo lagl cuS 5 S willas ol aillas & ygoa
S g o il Shles 4 Wil oo wloladl - Lyls
olsd ) bl o Shee Gl ol Jolts Sludl sllas 0] sgi et
58S el Sz b opd codled ol oniis 5,00l sl
Cellacls S s (2L 50 9 395000 51 s J93 1B 0>
Gl els Lasrls slaslug, 5l ol [P O] 55
Bhopal) Jug «(1aY4) (Three Mile Island) ol hlecs 5
LS9 9 (VAA#)  (Chernobyl)  Jug,> «(V4AY)
LV o] el ssg Sladl slas 51 a6 «(Y+) V) (Fukushima)

oo Al i a5 aes e lis I seis Solg> b))
Sldos ;o @oly> doys A7 L VO (sunld mlo jo woly>
3ol slaws soolSg s jo Golg> wo e A 5l i 5 ol
olis ol 58V dalllas b o yuls [A] el ooy gl sllas
Iy ae,0 Ve (el Jlasl |y ol g489 e dusys AA a5 oo
095 & ySdn Jlpd Jlse 5 1) aope Vg el Ll h
Jole pas LNl jo aols> lsmgs Judow [a] el ools olazs |
womizmen D] a0 S s aoye AY 1 Sl sllas
Dolg> auoye £F as ol plas oy 8 JRiils jo (lasllas
O es 5 5l Slalllas [V -] wimo o &y il slas Jsa
Sl llas 51 5L @olg> aoyo A0 B P a5 ol ools L
Sga> a5 el oy oo ylad gl Jalge 839> lalllae [V ] ol
03gy Sl gllaz b laye o5 )5 Solg> glasy, Je ao o Al
4o ] ALle Bole 59 30 6550 i bl ol 5 cl
wlhs (o Sols> 5l ao)s Al i Jele o0 (stagn
Jelse @ o> il 55 obys wleo o INYT el gl
Claely S, (80,lge iz Dadee ool s gl
5 poiiins slaansja g V] ools Laulidl cus & 1) aocecons
St g sobail @il (Sl 6958 1) (S e
D] asS o Juosss bagylojl

Sl o a5 edie VYT sgus aills coasie YL o
5 A lpeesih dgam g wadoe (it Bole> 5l (LU was
s Ll aSiul LDVl aias oo cans 511 595 ol @olg> oyl

rva | YFF Jul o oledds Y 0,90 (09395, Alxo



SCWC SNSRI E Y [ PO CE SO X L O/ I SPE S - YL 903
sk olgyle dKidls o gle 5,u», 4 (Hawthorne) ),sile
4 a4z VA0 das 5l 1Al s sl VAT 5 1A slaans
bl Sl g, drwgy Boa b ot casl jo Sl glas
Jxst &5 0,50 adgl sla i .cély il Sl olieb!
Cebls g ol laebl Sl flre olaiedy Sl slas
Juaibole oRalesl 5o 120 Jlo 0 et lab]
a0 .0 el saste YL (Sandia National Laboratories)
Sseas 1) Slesl plisebl colli asld agle aolsT A5
Lo igsy 35503 cmo il § Sl Comnsy 4 (guiiges ) glasLs
AAEF Lo 028,515 Slal slhs &5 fulre sba Sl
TJESEO _yszes HRA G:Jw P) ‘5;5 Sl g,y Cuanss s
Iv-] ot 4l 3 HCR s HEART SLIM

e it (92 Blaal 4 ol gl VA8 das Ll 5l
Leladl _lolid qpins limobs] Skl o Ll liabol e Lils
Julow ‘LSSLM.SI sl sl Lg)LM;GA.f PR3 W™ ‘)531).&| sl
BT S g alS sl ael 5 oSl aill 5 o slaowly
orled,s ISl Sl laebl el oLl axepllss sla g,
VA Gas &le yo 5 Byme b, slads, Jsl Jes (V39
5 Sl glas Jloxol o5l 5 sl Jod slagis, o) @5
izl wilen 1) lusl g azals 55,05 Lis dalsy sla Sis
Jleizl waylby plol jo a5 ways g0 S Zudgasms b Sl
Iyy ] S, Uaz 595

Sl lagby, 5l s Gaegs Y013 Jloj 55L o
35l el slaanl b 2 e Slas oliebol Cllls
S ae bl axny Slal GbewsSs oy 5 (Pamiie
Lol Jolss 8920 arogs 9 9510l J18) (b3l pgd i slaghs,
5 Jol Jes slacsiaSs o 50,08 5 LYY ] el (615 sl
o S drwgs [YF-YY V] il oaal ¥ g ) (sla Joax ;o pgo
Jlie 15T (Sl sl 5ol oL sl b b, slagss, ol
orzmen 5 Sl s Jlexsl 5 o Slae buas S Jalse
5 Sledse 5 by Sgen Sl pliebl ol L)
el g ol o ST Y20 Jlo 5l bl o Shas (5jluarnd
LYy o] o ls aslsl

Obaebl coblE 5 gLl gllas Lo jo g8 Slalllas

3 «Lights-Out Manufacturing» «Artificial Intelligence»
olasy Kby zls ax 51w oolaxul 30 «Internet of Things»
5 Sl liebl el Ll lejes oldlhe SWl L
Sz Sol (egman Sgp 5 So)B LIS ez alas sl
Sl i by edlre cYlis 5l el el; oSl Yo 1>
FO9ae (ot b (oulie oy p g 009 S yeke (paass
slonss i o (aasbnbl 5 b s )55

Sigy 99 wyzrge Slallle yslanzr 5 alolid 5 my
9 axJllas ‘) oYl Lgﬁfm 9 OJu..i> ‘u.:jL.c 6‘5AAJ O ygods
lolis 4 adsl GVl al Bl (515 L el sl
L oso)lge Bio b aS 0l omie gy olee YV 51 iy
bl o Bl i zagh VA« a4 lay] slows calie sloazily
e gy Jelis (o3 slaools 5 aslllas cdowy | Covie Y ie
oo g g Ioeo dunho 5,985 a0 (o 359> o g
as5 0 .350,5 oud g kel sla gz ;o g gl Seil 1) saisS e
o oror 35 5 2o b 3 ool oloe oz ascisles|
O 5o Sladsd o 0 S9zge o8l 6)Ses Clim ol
el 00 53 alie i s sl Lt

P o oisn bS5 YoV Jlo sl s adllas
B 055 a3 8 Sl ol Sy ol 5 il ol
0,99 L)"‘ )‘ o OMW L_sLhuﬂ.&b}).o ‘5)0"‘)‘ ] 00 |),‘>| <(L)9>
‘ol 6)5)*” du_i)jé L o)l.w| b;‘ Ll o0 blsd cal.u )LAT e
oS cheS Sahyy 5l pel cosliinl 3500 (sla g, Cumle 5 £53 50
Sl Adlllae (slasig, A% 4 58 £7)) Cenl (oS - S L
a8 el 15 S b o el 6l oy (Sl ol
Doy Ot oS by, o Sz Slpss 3 Lo 9o
» g slegts, GBlianes Sesl izmen el a1
saalive g0 50 ¥+ YTl bl B o 3155 slo g, b duglie
yaidu yolodr (Sloy 83 oul 5l Cupeal Pl sale 4l 4595 50
ol 0% O)L.u‘ UT EVRUIE S SIS

basdly
Sl Lo s Axlllao la s
po U gl Jundd oSS
Haglyy Jae pess ladl jld, dalllae b o904

HRA s s oS5 o S slie ) Jgus

Jle g oiyglasey 9 T 9y pb
(VAA+) (g,alS 5 5bs 25l gl e (g S TESEO
ORAY) Jlet s S5l pladl 25 o OAT
OAAY) 5e3l8 5 (lges Sl gl (e i Gb9) THERP
ORAF) 5 gl 5 oolable ol atepllss alled limedsl sl b, SHARP

(VAAP) (5 el Sl o Sslatans 200 5 (i 49, SHERPA
QRVIVOR T il oz Slotuns (2ol 5 (2551 s, HEART

1FoF 3l ¥ o lels Y 0,99 (09395 5l alxo | vee



O 5 sl) S

HRA g0 Juid oS5 o 5 Jglaie ¥ Jguzr

Jle g ouiygTasay 9y T o9y pU
(V288) o, 5en g poS Sl golayg; 59515 s, ATHEANA
(V23A) J5Lga Oladl 3 loabl colls a8 L W 65l5T5 s, CREAM

(Yo 0) oo g (y03,5 Sl Sy (55T gy Glud! Gliebol LB L) SPAR-H

sole Lloisay s Sy, t ol liabl clils (NARA)
aswss (PSFs) s Slas 2o S5 akyl, 5 (SPAR-H) ailsIs
A 5o 1y gl o Sdee )0 5o (25 5 (ASls Jelge a5 23l
DAl o5

5 ol 4 imgh o (VoY) ol Kea 5 Torres
3 Al s Lige dcgaze SO jo  Sludl gl (o5l oS
o 9 <y [l (lules T HTA (i) 5l o5
oo 5 glolis sl HEART 4 SHERPA slacsiisS
Komdan jPrimasari [YV] ws eolitl Sluil slas Jlezs|
9lpldad o las Jle olulids 5 Slail ploabl bl o5l &
sy 5 0oLl b s azsls y SHERPA g, b o ,Saise
P9y ) 0l b s 5 patein j5ilnl iillsg 5 iy HTA
aiepllss cwyp VAl s Slolis Sl slallas SHERPA
50 Oldlas asyo FY ses oo olid YeVY-Ye Ve ol agh
CREAM [Fuzzy Mathmatics la g, 5| Sl glas Jod>s
YL (6 iy, l5 5l S adly opl wlazd So qe SHERPA
gy ol (SaSTn ) JSb el 55UsS mles o batg) ol
sl 0l talai |y Lo

dglie @y ol Gadodd o by Sl o Sgpew jslatey
Wl @l) gy, 5l Sy calas g Llie 5 oo p)I5 o s
squ.u‘ U"‘ » ] OM“‘ Y JS» L UT c.ll.u aS Cewl ol
&l ;o TESEO s CREAM HEART SHERPA la s,
2wl yole; ATHEANA 5 CREAM SHERPA a5 Jl> s
Ree g Jouz &BLLSLe S Il s SHERPA ()
Sloladl b s Sl bl glolis o sl )5 iy Joloo
Cobli Sacule s, b 56 TESEO g, ol il oSy
e Gl ligall

SHERPA
11%

PHOENIX

5%ATHEANA SPAR-H
1% 8%

gy TSy olime 5 (lubid

S0 sl L (YY) oK 3 Mandal
wlbs slulis 4 Fuzzy Vikor HTA SHERPA sle s,
g WSy (i Jo > Sldes )3 Sn; atadl 5 Sl
Sllas jo Sludl gllaz o pow g ololid glp 1) oz b,
Ivol wols anwg olal glas gilo oS 5 (hiw Joii >
U99,) oy g, S &l Bas Ll Ses 5 Abilio Ramos
2 ol glaebl coll8 Aalas 4 «(Phoenix-Pro a5
oolitwl LZhu g Li [Y#] sizsls 5y oy o g o sloolSinVU
S, Fuzzy Topsis g FMEA SHERPA ,, i 5,54, 5
ol 55 50,8 o 1) olss glapiis o>k o Ll sllas
el slas pluliss 6l SHERPA oz oz ez
G a0 51 9 (Sl (sllas Silatians Jolo (sl FMEA
099y S 5 b ol oolatul lallas gunas, sl » (Fuzzy Topsis)
FMEA _is, RPN aiulxs _ailss FMEA  Fuzzy Topsis
8,0 b, &) 4 ol s 5 Catelani [#] ws &b, o
oo 5 Sl el cobl ddlas gl E-SHERPA
s Jlaiol Ghals (28,55 )k850 o sbs)y ol 5o izl ool
P9 2 S9Tee 6)1‘5 Chnd Jsb yo codld o addy Sl e
O, Slae oyl ;50 copiman 0l 285 0 SwdS SHERPA
(Yerkes-Dodson) jgwsls - (S, B8 5l oolazl b «,g51 !
IAl s Jlas!

5 Sl lebl coll ddlas 4 ,Ken ¢ Di Bona
Glis o555 K s (HEP) gl slbs Jlaas! ;)
el 4 HEP L)l 5o was (69,50, dnwsl «Ban aiislo
ol wg (SHRA) slsl Ssloienns fliabl colils Lo
Glaten pladl oLl Sl sbass, AL 8K,

HEART
8% HFACS

Fuzzy
mathematics
19%

CREAM
12%

VYT e 85 53 lioelsl Sbld ol slagty, el 85 s ) S

Yfy | VFF 3l oF oyleds Y 090 (09395, Alxo



Obaebl coblE 5 gLl gllas Lo jo g8 Slalllas

Sl bz g pliebl coblB Ldos slabg, o5 Jlie duslin ¥ Jguor

o lzo Julxi g9 0,5 A o¥9)
ooliiul jo cdgg v
iy Sl o 4 ralsls v
ol slz! e o (shaS (so3e SHERPA
sl o8 g 4l lejls (0,504, &1
Sl Glaz> cmin
L oolaiwl jo cdggu v . HEART
RV VISR Céy @ .
ey Buld 5o 0 Sl sl Jlazs! gjlo o5 Uy ¥ S5 9 o e
Jelos o azily yleslo 5 ,S0g, &1 V7
2ok gzl @ i ) . .
B Sl gl S g oS oge CREAM
objy Sz @ .
o ol eds 4
wlo
b yo las oo n bl v/ )
s Llolis anlp o ol @ SIS e s S g S 5 M THERP
sl
oz ololis anls o plysl @ Ll oby cepm v . 5 Sl
L L RO 5 5 oS SPAR-H
Uas S S J.abs L;.)..;cu,.!a PRRET-R QL.J Q..‘)B.al é’LH‘
s,
rols szt e s gods Ll slas ) Bem v gl
- Soyeh 2 6978 (o) ) .
ol Soze ® ’ - ué; ’ iS5 S sl ATHEANA
s Jlaisl o3 Sidrlne @ f i glio
ol szl v
o NS 31 Jelse 51 S 950,55 o Lol ol cepm v .
P )& RO &S J) S nS - TESEO
las Jlozol nlons g1y 5 Shoe las Jlozsl deuls vV
Sl liebl colls dsle v
WS 5 g WS oAb diliony Ojsea | Sladl sl Caxy

o) dA IPY] sl e malS ptan p ees sloan e
cobls sla gy laal sles SHERPA-TESEO \ljes

S e 03,11 Jsine e 55 1y Sldl oylipals]

(S Pmanigh by b Glas o lpoll sl by

i 5 los 6yl 6o Slus! lebsl CollB w0 el
oS Culigy g sl )olee lojor aSh s by gil pl (sllas £ 5
L b slacs,glid g osls pole « oulidly, (owiitn )5
RECRIPRR NN

L gy (S 4y Lo | o' 51 i
y SHERPA |, HEART THERP s> i sla s,
o, Sg, 5l 135 5,5 W HRA 30T .ol Site bl slo Ll
Wiy ol 50 Sl dialigh g jameosly o Kol (slo Jo 4y Ly
0 ,Slos glaools peie Judoo b cpiile (6,500 5 £o9ian Jign
ooy o lallas (6, 8iy (F2 5 (G 5 (oBly Lo 0 (Sl
8L, slas Sleeis oSl g leailobu i )lo (guldS i o a8l
uMblS ﬁOj)/LC sMQGo 45|)‘ Me—b LQLQ)‘M 9 ..\4)9.0—“50

Ban gl po &3> Jolie den o Sl slalas
JA e oo )1 Sy (B e o |y Y guass - Dl g - L]
3yl Eaanl Sl liabl il b3, s cenlie oy, ol
3yl dallas lolis 5l wio le Lol Bloal e ool o
sla g, 0] oyl zals by J S sla,Sal, 11 5 £o35 Jlois
ool 1y IS leladl sliny o s slolis Buas g0 S
3929b (o5 sla g, s | Jlein! (g5l oS g Lol caisS oo
S b s slelis e daal, Bl 5 Jlas! dlxe
dpog (oS - S b, 25 5 9,559, 900l Ival wpaes
PO s
[¥e] Jod b8 gl b calises mobio Judoo j0 0,5 5 S
Bz glio dalllas 5o T (65550 gyl b ool
Jliml 3,975 sl Lol S o s |, IS sla,Sal, &1
Ay ope b)l (o5 by Sl plejpr b Gledl (sl
5 oS by, sl eslizul [¥V] SHERPA sl o ogpmile; &
Jui>! TESEO .09 oo daogs oS lgicds TESEO & oo

1FeF 3l ¥ oylols Y 0,90 (209395 5l alxo | vey



oh)les ¢ ol S5

o B o Sladl Gl dA W ls Sl cids deosls s
slop o8l o Lall dasl) o Sles g5 iy a3 o olsl jolas
HRA ;o cplply i8S o0 9, ools cawjol Judow | aiedige
alby 5 3o p b wdy b3 layglnl S e glra
A 55 yee 0318 Gl Sdod g lay g5ael et L1

Gully s iie) HEART | THERP L i sla s,
Sy, U ol 65958 9 W)l 1) @Y ColdS (Sl 61,55
S5k 5 S e (il (LD S 5 L (g
Ll oy Jes 0 SB bl )5 dA sl aneg (il
Sl oW e slallas | g wiloads 4l lasl Slaronss
ol s Sl oS ) Dlaretisn g Lgy (335 ko 5 wilazlge
g delgs 5 Sl adeas | dalae

gwluzxe 53 SHERPA-TESEQ oS 5 b3 o2l)5 Lii>
Koligh

slals )5 g Lales il egiae Juso slags jsld (b s
TESEO s SHERPA L o Jelow slaghs, Joo oSl
30 ol e85 el wBLE (59,0 o] S Lais jslaieas |,
Slgige e slag,gld Cllll L gguee briar ()
@ylly glgl b s golaie (nl (6l 09l aly arhe (lies
Wiedgr gbalase o 0ed Jle,js,a SHERPA o Sl
el b b g pae - (Sl alls b (Sond alls
2 by ganaid JA Ll end Kl eols Ll L
Al Gl (6 yeF ol 5l 6 5V sl Jols ol SHERPA

ot el cul o 5lsl aiejls TESEO oy dlag o
Cllil mhw Gl Sz 0 @il ol
Sl 5353 (65 el 4 s SIS Gl 5 5 S slakal,
oSl Sl ol igd il clled g5 ol i Lelse 4
S o ol B 1) siadise gladaire ;o las Jleisl 5385 (S
Srpiin S5, slaools L plesl coblB Wb 50 oS 5 b,
4 sy &gty Wl o Joe cdagld gl yo sl 4l |, aiadign
P Slalgllas g68g Jlaxzl 5 05l0 50 plus Zondy el
Obsl Jols 51 Jelos 35 505 eales 5o S (i Ml oo
lolls 05d Jiie gegian hga b Gludl Jalad 4 il (retle L
o2 gy3 oLibl okl g (Egian Shgo 4 0> Sl S sloiel (92
D9 o)y 0P jsbar b 5 Sl gl Sl badaims £93 0l o
SHERPA— .S 55 oo «lyeis (o) Jlosl b &5 i o)l o
slos Sy el 0 6550 Il (lsieas il o TESEO
WS a5 slayl oany] S osiales slalaa Ll

Sy 8k o ) ke slagiagh Sl me ¥ JSS
NCIVSH TS W POCE TOW SN ICR 23 A S SRR
px JNO-Ye Ve Aol o cala iagh opl g5 g olaws

Jos boygsll ol anlis lo,lows lgicds dlas 595 Jlazs]

st g (GELL pele b gy

Ol Gl (oladl liebol Cobls Julos o 5,00y sladl |
5 e by slag,gld 5 (Bt by, olasl pgle b
b3y 9 e glyal b asile (placs)slid leslaiul .l iz
ool b (S p0d b Bl 4 slgiee ety SIS >
4 wilg ce oanl yo Sledbl pl aiS S el gladasd
i dgagy | oyl cds g oS Lol HRA (slo Jows

Jlams il b ol Ken

L lewdSs 4 s wanl o Sl gl o
Silwd B o asly w0 walp sguze e glacs o
1y s - Geile = gl (g0 Shos Lyl Wlgi oo 5T Sl
ol b Digital Twin (s,5ld .ouS gjlwJow 4z ,LSG &y g0ay
el 85l (sl Sl & ol g935 5l i (i
a3 oo loj Gy 5o 1) Gl - e 13,
)38 Cenlws o5 > g (65w 5l

ol (grie gboolas) o Sl gl Sowese g
&35 Mol alil ety Gl plesle sz Moo
Ml plesbe 5 6925 53,9150 Mellim Glojlo (ool
Sl las oy poe slaslaslinl gl g 4 a1y (g5l st
5 3k e soo ;S HRA 955 oo (i ol 03,57 )10l
5% 4 )3 D9 (elill (o g (Sh g Dliad CedsS e
i Sebee el 4 bl 9z lez 5 HRA was
Condy L3S U8, 53lSTy pogdle 3,805, cnl s oo 55 5
GGG g i |y canl cams oo Jloie (S 0 0oy 1) (5>
(093 SOl o) b 98, b oS50k sleesls
llas alS ed Js ol S e 4l ol slaslyriny
S50 3 501 BB CaS il L5l &y az g LB jsloay ¢ L]
’.xs@ oS cpibe = lasl llas Booy sboailols ,5 by

Ll )l o Gluil Glaebl cabld suiy] (S
Ll
yea oo Jloyl b ady Gldee SO0 ol IS0
255 Glaptns 5 iolign Sl b g (Ll (59508 peiinse
5 sirioo Ml e )lez E5b led gudgs Jaw ol 0,8 oo plex]
o g Ludl o ol Jlazns slas 9l 5l oolawl zgl sasms i
Lo 5l Sl gle el ) Bdo sl e ol jo canl e gian
Obasl 5 58 09t (A Sl lallas Bd> lyiear a5
59 Sl ol e 360 el (rdaw a4y aSL oais Bd> Lpsas
Pk oz @i o Gl Slares (gl S iz
5 SlPles Sleddas daanld snjaely (IS slap Nl

YeY | YFF Jul o oledds Y 0,90 (09395, Alxo



VL bl ol sl 00l igles e gl yiS e
VO L Lk o LIl o YF L gtz 5,5 VO b (e YA L ooseis

Digd oo Dgmne 8985 1y g i cdallae

1 4zl W oalys Ji g oo

TV La by dngi

Vool ol

Y7 o dn 9 38l o3

¥ ol colu \

N &l gjluiadyn

gy dlaad wlach) HRA cildllas o oa polis oY JSCi

(°~’-3u:’)|}f

oyl R

F s

YA ouxio Y|

Yool

ASgs

YO oz

WLl

YE tpir o)

Sl YerY-Yer e b 850 ,0 HRA ladlas o656 :F JSCi
9rin slo,ypas

HRA 5 g 8 Olucwio

345 8ol el ool HRA 355> Jlad Slanmsge F Joir 4o
fesgo s olal (el 009y gy s JBlao il ¢ Jgur @
Lnslgd (2 3 Jleb iy 5k e 3 5 (sl (55,1 ol
o s D ] 50 2olKils (guo ;0 FA s (g oo gmits
3925 Sike HRA Glaagh o bl 5y9me 2 » oS
Ll aoye cpl yo oline Slides GBS 5 p3Y sbasls
ol 0o o HRA Slidos sladlSs (o Soge cdalo] (o

HRA 5 g0y 0l pi
“VeNe 85k 50 HRA 839> 5y Sbjis (Brme 40 O Joor
Reliability Engineering & « bl cp! 5 ool aislo,y Yo VY
s YY L Safety Science las OA izl L System Safety
b yis oy Jld @lie VY L Annals of Nuclear Energy

...\3‘003.3

Olirabsl ol 5 Slasl slas Judos 55 g lalllas

FoVe b o Dl 0525l g 00,5 sy doyo Vo o 0ga Slalllas
sasposlis Wgy pl Sl oo,y d> dins 4 3l Gl Jle (o

w‘ 0)5.‘> Q”‘ o..\..._:")s @b}a

2020, 16 2018, 15 !
2021,18

YeVvY-Yy. QJLa a) )éuyLa.a LM‘JAS) YJ&»)

7S sl s i (Sowzm Grlidl e sk 03, Llsey
Jalge (285 09dge sy iphe loolSies b sl (55,20
gy s lo o dd Ll (ol b ol o Sl
oS .Amly g J.,ls b, HRA 559> Slllas
HRA ;5 Gua xolo

Sl 1o HRA Clalllas jo Bus molio yioles 40 ¥ S
sl shins o ;3 cudia lagiagsy 3505 Sl Jlages
9 )18le 5 ngi cloys 5 Sllage e gl s JBig e ol dags
(SIS g e gl JBg e (oalel) qlio siluniadsn
dallas .l 6‘°‘>l? J.ijuo.? cwl{) P9 )L.ujgﬁ‘?[m 9 (g )Lo.:}c
Snsa b S ombio 0 U HRA cldlas a5 ols oLis pal>
odigds S adgr anlyd il Y o g 5Lige b adgr slaolSis]
¥ ool olyl YL Jeily lls ¥ ols glapins lawgs
L SVYsame gl O (Jgamms CuaS 4 o] YU ity (sl s
oS el olooisl ) 055 sloan] )b 5l jslate 0dgs )3 og slaunsl B
il logl 3 g o ol (o2l CahsS plojon )
Gl B um slags ol 5 Gl b ol (25 b et
Sldail a5 el o9 (gawl 3 ISO-9001:2015 o laibiw! llas
3Ll oty b (63 il b 53 ,Sha Sl o] s
509 poke) 91540 58 comody Canol spuy Try] wats &S axo B
S a3 Lozl 0551 g HRA ool 3 oyl o Slasl gllas ilas

RGO )lbb.u) 9 ‘5)91,5

HRA ;5 g ol sl 595
YoYYYere Gl 55 o |, HRA Sl g F S

VPeF bl o o)loid Y 0)50 (o0gigSylalme | YFF



oh)les ¢ ol S5

Ylae olass ey Slasl plicebsl colill lids jo 5 iy Slawsde (F Jous

& Wlao 8590 laxs 9SS Ao ol
A @5 85 05 o3l 6551 Dligdiods dunhe
Ve o oy Aehe
4 odsrie YL aily o olSils
I P35 0,5 &B iy (5,9l 5 pole Ao
5 &S Jssilisl 5 olStsls
. sase L] Soyol latws o) e ool (ygemceS
¥ oamce SYL salay] Lo olStyloj
f odmia YL Lol Lo olRts L]
¥ odsie YL o g oKils
¥ Ll ool @S U el
¥ Lt Il ol ol
¥ TS Silgo olBzils
¥ RS LSl ol8isls
¥ Lt )L olEsls
f L) O ST Gy el
¥ 595 395 Caogple olRails
f e Ly (ot olSils
¥ ity atdailiys U sas olEiils

bl Gliabsl CoilB 659> 0 gty b i ganas; WD Jous

ool GY L sluxy

4y pb

OA
Yy
f

—

s
A
A
A

Reliability Engineering & System Safety

Safety Science

Annals of Nuclear Energy

Journal of Loss Prevention in the Process Industries
Quality & Reliability Engineering International
Ocean Engineering

Nuclear Engineering and Technology

oy9iS 5l (S

HRA L 55150 Hels slo,lis, Je Jlos qazsplésl (¥

HRA o o Slase baio JS& sl azls ais Jlesl (A

elrin ol sboySal, Gl essSes (A
sl I (&b

Colhae 35 poe 5 el &iz  HRA Glle 35,05 (1
CerdS 7S 859> 50

S Y Yoy sl o ) alie lasdlas Ken 5 g0
asls y bl mls g pols bt duglio 4 waelsl o [¥F] wlos 5
el 00

L agzlse sl oliime ol pol> dalllae M5, @
sor b Eae e s Sub BB e les S,
t8los ,SG

YA Jols) dllie glaze YY- 5l oyl imghy @

&b sy

Sezge Sl GBS o g ol Giogh eluln
:)" ..\J‘Q)Lf.c 09> &,3‘ )

(Ean i (37 ke se,gks L HRA ool ()
S sloals S 5 Ll o

‘_go)é LgL¢b).|é3 » sz'“ HRA 5 Lmbﬁbéé )'\ ‘_g)L:M..‘: 4
0,8 dgaome 2l g Oglae Ol Jdoay a5 cewl oo
090 o0 Cgwme Joplls by 380 Jdod jo dxsalads

WL ggose cnl (bl (g slaa> sloanl,s spge (¥
ol )L\.ma Uas }5).3 U&A‘ 9 0097.3 ..\.u:r:Ud.l

slealls o HRA i sloig, o8 0 bl (F
iy Jlosuo

HRA sloy 580 sz 8 rabao 5 i 0955 (@

50 L Olllas 55,05 Jdoay mlls peesd Sl 098 (8

Yfo | YFF Jul o oledds Y 0,90 (09395, Alxo



Bl Lo el 4 ek e SVl 5 Canl 3300 ol sl
3w Gaileosol @ guxl wilgl o fadge ol el oauis
Ay VTV Lo L U aolie Sloj 850 058 onie aools
Ego50 Onl ogne )-*JL pae RS by i T BISIL s
5 odd e OYlEe 38 el Y el cal S ol mli o
L ot Sl 18] 035, ol sl 5 5 e
wiloais jiie gele SYle LB jo aS ixio slaos n muls
50 @b ol gum laiors owyiws Jleial Cosgase Jdoay
30 Canl Sew Cudgazme dw (pl Cewl oo Bl g5 oyl

il 108,56 ol mls glhae (s pdypmes

S 25 4

Sloy 83k 59 oud piiie Slalllae p 505 b gl (nl 5
Colli b)) oldllae Copxdg ) astas 6y o) eoY - YY
ol Sl s sl oad @) Gl mlio 4 bl lipabl
Fuzzy 4 CREAM SHERPA g, 4w o« ool
g el 009y ol Slalllas jo Wy g, o 30 )5, Mathematics
ihi il glio b gl OlGl g 05 (S s Jloa
yeine Sz mlio o oanl glagiass 1 Jsd BB g0
slagby, | Sugen a5 ols (Lis 99290 slady ) dulie aigd oo
B Bl wites o6 Sl (oS TS L aS TuS]
Sldy=S bk s Jomml 3T b ololid (sa) golS
30 I3 S e bl lisabsl collB L3l o T, (aal,S
SHERPA-CuS 5 ey (nl )0 od ooyl (oS5 3,
gy b balas s 5 olebs LS iig L TESEO
U39y 3 ool b Uns Lozl &y 5 oo 3551, ¢ SHERPA
Slaal iz sl ol g w5 5 Kl olsca, TESEO
Slioep 0D drogi Johao 5 (Slles (Sloj 85k Sy 50 398 Al an
o oiie SV glysiS o Slalllae slaojsm 5 banis, Juloo
HRA &3> j0 (s oy slagsls Glsiear (o922 85 5
s mlo wdas mlio oiLS, 5 was olalis
dangs (Gleys g by (2l JaigJer oy dagi sl B
5 o gl JasJom o2lely cmlio (silusiadn 5 lidle 5
loolr g fo «uled )2 9 slugidlo 5 (Suwd 3liise o5l
el 0042

Lg sloJoe 4 L (slo Judos 51135 (g ,qlid sosT 331 5o
ol 3,50, 31 35y JLEl 5 5,00 sloools pléal ¢ jgmecsls o
@i )3l oe g S (L ber - Ll 050 4 (rebile -
SHERPA-TESEO solgiiuss onsS 5 5,55, ol S Lii> ol
gl 6050 b slbals )5 5 wedge slakae 5
® el culpo elasil s SHERPA () )5 (s2lid sl
gl g lakal) codlad I8l 5 (Sawoen Bl L) TESEO i,

Gl sy OISl 45T (6 5t 1950 o0 Slpiiay (5L, 055
30 S e Cogd 1) pllad Ol 5 Sludl gl S,

Obaebl coblE 5 gLl gllas Lo jo g8 Slalllas

X100 )5 jgye |y dllie YV dgu ), Ke g 92 g (glate lgie
oilasels e byl gy 0 SVl Sergiesr @
o 5 OB 5 98 (IS By (A 4 09h £9x)) Wb el
Human Error » «Human Reliability Analysis» 55lga.ls
Probabilistic » «Human Error Analysis» «Probability
HRA » 4 «Dependence Assessment» «Risk Assessment

«ilos ,S" solazwl «Data Collection

| 009 ul.:)‘s..ulil‘ Yl » uM.bs).: 9o )5)4..: L
s 58 ) Hellom laguihass Ve pol> hagyy ax ST
| aé;

Omles Sladlas olass jo 1) sl gulds, imghy g0 ;2 @
f;\ﬁou’.a

5 92 5 yedS e |y gy pol dalllhe @
u,u.i'be).l 99 ® .JJ‘OO)S LSMCUL».‘Q AJQBJ}A Z)lﬁ o> u‘)lio.@
sl Sl plonl s oy Kenl a5 Sl

Gyt g WIS il Ghagh 90 0 0 gyl Ly mn @
I, cuwss &5, Reliability Engineering & System Safety
N

Ol ol Ghgh goje> im0 |, HRA ([ )Sen 50 @
A pol> Jupgh 40 el 00,5 j910 alisee 559> oojlg o |y
dawg g sl glie s plio coisa IS5 85>
1855 @leo &yg0a 50 5eiod 13 oo Gl S ecenla g,

OhlSen 5 HOU 5 g8y dunie ooe hagh ool @
u"*‘bj)" 9o uL»A w}o oé}:.w ,u\i‘ob; L.':"L'*'L"”" |) M}o oa}.il.:b
390,550l (65,5 Dlidod dwho (idgh 90 ;0 40 9 WlS i

Sl [VF] (L Sen 5 g slaaisl b ol gols dnglic
B ez o 3 Jelos b 5ol llas a1 ol sllan (5o
9 SRR 097 Ot Clikdod Liegh GBS &3 4 o hd

it sl by, ael> anglio 5 gonail (gluls (V)
(Sl Lol Colls dalllas sla iy, (o 4 95 £92))

SHERPA-TESEO .55 wszjlezr okain (1)
Jist 0,90 s Slubis) HRA &l aw Gloal i jslaied
(2] )57 S8 sl (Sl (b

Eyean g aadlie 1S LHRA sanl » Ll (V)
Sl bl Sl 0] 25 4y 958 52 )) SuL &L S
(Sovae (hop (BywS L

€575 059> (nl Glidon ladllh o s oLl (F)
(o lodlSs ik & 355

el Colils Slallls Cond 3l mole (6 prga anlllas oyl
Cadgaze iz 4y o,Lil Sl 00 )5 &l )| ol UL jo Sl

Sllao A ewyp Oy é:L.a Ll Y e ‘_g)j).é L)l

VEeF b oF oyl Y 0)98 (oogisSlale | YES



oh)les ¢ ol S5

65 e Tl yu 3>

ol Jlog Lo joams (ganmme wlis (sl Si Lo yle © G

Jlog Lo joama csdame ol (51,805 Lo e 1 ol i,
zoli

ol Jlog Lo jaams soems ulis 1039, o e

6l Lo e fulie

&5 5 Dl Rl 5

ol Jlog Lo joesms (sl (ulie 1ol

Slog Lo joemme (s b sl ) S Lo yde 1 ot Ll
e

GO S 5 s

Gozme e (s, S Lo le 1 Lol g i ids

heze e (S Lojde T lng g oy n (IS
ol Jlog Lojoexs

W ol
Sl Caegdge axlllas ol o

ST b
S, Cuegoge dlllas ol jo

REFERENCES
Habibi EA, Gharib SA, Mohammadfam |, Rismanchian M.
Human error assessment and management among Isfahan
oil refinery control room operators by SHERPA technique. J
Health Syst Res. 2012;7(4):391-400. [Link]

2. Hayadokht S, Jozi SA, Mirzaebrahimtehrani M. Human
health risk analysis in the health, safety, and environment
using EFMEA & SHERPA integrated methods (case study:
car seat production company). J Environ Dev.
2018;3(61):49-60. [Link]

3. Ramezanifar S, Ramezanifar E, Khadiv E, Salehi Sahlabadi
A, Eskandari D. Namdari M. Applying the HEART technique
to identify and assess the human error in the central railway
traffic control room. J Health Safety Work. 2022;12(3):595-
616. [Link]

4. Nikray AR, Vesali Naseh MR, Mohammadi A. Evaluation of
reliability studies and human error risk analysis worldwide
(2010-2023 time frame). 18" National Congress of
Chemical Engineering of Iran, Tabriz, Iran. [Link]

5. Di Pasquale V, Miranda S, lannone R. Riemma S. A
simulator for human error probability analysis (SHERPA).
Reliab Eng Syst Saf. 2015;139:17-32.
[DOI: 10.1016/j.ress.2015.02.003]

6. Li Y, Zhu L. Risk analysis of human error in interaction
design by using a hybrid approach based on FMEA,
SHERPA, and fuzzy TOPSIS. Qual Reliab Eng Int.
2020;36(5):1657-1677. [DOI: 10.1002/gre.2652]

7. Chen S, Zhang L, Zhang L. A human reliability analysis
methodology based on an extended Phoenix method for
severe accidents in nuclear power plants: Qualitative
analysis  framework. Reliab Eng Syst  Saf.
2021;214:107750. [DOI: 10.1016/j.ress.2021.107750]

8. Catelani M, Ciani L, Guidi G, Patrizi G. An enhanced
SHERPA (E-SHERPA) method for human reliability
analysis in railway engineering. Reliab Eng Syst Saf.
2021;215:107866 [DOI: 10.1016/j.ress.2021.107866]

9. Habibzadeh, H. Investigation and evaluation of human

(§,570030S (97 ($3)lge p S a3 L g (gl SIS 05 (uled
aslllas oyl o asl) U:,o Sglad s (51 5 baools 5,00 ulos

=S 5 0,S5g, sl aiS e Ll (dae glao )5 (gl (s,
5 ostie §jlugi b ol yan dise Lus lgica; SHERPA-TESEO

©35529; JS95 5 jmeenls sladame sl ()T (gl iy
oS, 2alS 4 o laizas sloan 10 09, o laml a8 ol

5 Gosore syl 5 Yo a5l slaasly L Sl
by e il o b, Sl slus st

1806 g 58
oldl ads 51 ags Slbyad JleS lie Basss

Byl 0 pMel (g ol plosil jo ol 5L

&bo 3l
Sl 0g2 g ox8lio olai gd Lidgh cpl 4o

i SO L
Slog Lo jaess (g wlie (51, Ss Lo e 1 g 5lupgpio

b
Gdezme (whe (5], S Lo e tlaools oy

ool oy Lo joemms s soamme olis o5l Lo le © ol

errors in controlling the solid fuel production process in an
industry using the C-REAM method. J Standard Qual
Manag. 2013;3(3):72-81._[Link

10. Afshari D, Jafarzadeh Z, Mousavian asl Z, Jahani F.
Identification and evaluation of human errors using human
factor analysis and classification system based on fuzzy
hierarchy theory: a case study in the cement industry.
Occup Med. 2019;11(1):42-58.
[DOI: 10.18502/tkj.v11i1.1777]

11. Borgheipour H, Monazami Tehrani G, Eskandari D,
Golmohammadi MR, Mohammadfam |. Assessment of
human error probability in emergency evacuation using
HEPI method in offshore industry. J Occup Hyg Eng.
2018;5(2):28-38. [DOI: 10.21859/johe.5.2.28]

12. Ghavam M.A, Mazloumi A, Hosseini M.R. Identification and
evaluation of human error in operation of electrical
installations of Tehran Province Electricity Distribution
Company using SHERPA technique. J Health Safety Work.
2019;9(4):363-380. [Link]

13. Akyuz E, Celik M, Akgun I, Cicek K. Prediction of human
error probabilities in a critical marine engineering operation
on-board chemical tanker ship: The case of ship bunkering.
Saf Sci. 2018;110:102-109. [DOI:
10.1016/j.ssci.2018.08.002]

14. Nikray AR, Vesali Naseh MR, Mohammadi A. Identification
and classification of human errors in occupational accidents
in Japan based on the Koltz approach. Eighth International
Conference on Safety and Health. Tehran, Iran. [Link]

15. Mohamadfam |, Nikoumaram H, Yousefi H, Pirhadi M
Assessment and management of human errors in
emergency situations by HEPI method (case study: a
Manufacturing industry). JSMJ. 2012;4(4):47-57. [Link]

16. Nikray AR, Vesali Naseh MR, Mohammadi A. Assessing the
contribution of human error to major industrial accidents.
18" National Congress of Chemical Engineering of Iran,
Tabriz, Iran. [Link]

YYv | VFF 3l oF oyleds Y 090 (09395, Alxo


https://ijehe.mui.ac.ir/article_27193_b08b4132f6983ac4b4a64a7b57810ade.pdf
https://www.envjournal.ir/article_84391.html
http://jhsw.tums.ac.ir/article-1-6743-en.html
https://civilica.com/doc/2167244/
https://doi.org/10.1016/j.ress.2015.02.003
https://doi.org/10.1002/qre.2652
https://doi.org/10.1016/j.ress.2021.107750
https://doi.org/10.1016/j.ress.2021.107866
https://www.jstandardization.ir/article_80008.html
https://doi.org/10.18502/tkj.v11i1.1777
http://dx.doi.org/10.21859/johe.5.2.28
http://jhsw.tums.ac.ir/article-1-6222-en.html
https://doi.org/10.1016/j.ssci.2018.08.002
https://civilica.com/doc/2173162
https://jjhs.ajums.ac.ir/article_224577.html
https://civilica.com/doc/2167247

17.

18.

19.

20.

21.

22.

23.

24.

25.

Sujan MA, Embrey D, Huang H. On the application of
human reliability analysis in healthcare: opportunities and
challenges. Reliab. Eng. Syst. Saf. 2020;194:106189. [DOI:
10.1016/j.ress.2018.06.017]

Di Bona G, Falcone D, Forcina A, Silvestri L. Systematic
human reliability analysis (SHRA): a new approach to
evaluate Human Error Probability (HEP) in a nuclear plant.
Int J Math Eng Manag Sci. 2021;6(1):345-362. [DOI:
10.33889/ijmems.2021.6.1.022]

Pan X, Lin Y, He C. A review of cognitive models in human
reliability analysis. Qual Reliab Eng Int. 2017; 33(7):1299-
1316. [DOI: 10.1002/gre.2111

Laidoune A, Rahal Gharbi M. Analysis testing of
sociocultural factors influence on human reliability within
sociotechnical systems: the Algerian oil companies. J
Health  Safety = Work. 2016;7(3):194-200. [DOL:
10.1016/j.shaw.2015.12.005]

Di Pasquale V, lannone R, Miranda, Riemma S. An
overview of human reliability analysis techniques in
manufacturing operations: operations management. In MM
Schiraldi (ed.), Operations Management. Rijeka, Croatia;
2013. [DOI: 10.5772/55065

Petrillo A, Falcone D, De Felice F, De Zomparelli F.
Development of a risk analysis model to evaluate human
error in industrial plants and in critical infrastructures. Int J
Disaster Risk Reduct. 2017;23:15-24. [DOI:
10.1016/}.ijdrr.2017.03.012]

Ghasemi M, Nasleseraji J, Hoseinabadi S, Zare M.
Application of SHERPA to identify and prevent human
errors in control units of petrochemical industry. Int J Occup
Saf Ergon. 2013;19(2):203-209. [DOI:
10.1080/10803548.2013.11076979]

Rasmussen M, Laumann K. The evaluation of fatigue as a
performance shaping factor in the Petro-HRA method.
Reliab Eng Syst Saf. 2020;194:106187. [DOI:
10.1016/j.ress.2018.06.015]

Mandal S, Singh K, Behera R.K, Sahu S.K, Raj N, Maiti J.
Human error identification and risk prioritization in overhead
crane operations using HTA, SHERPA, and fuzzy VIKOR

26.

27.

28.

20.

30.

31.

32.

33.

34.

Obaebl coblE 5 gLl gllas Lo jo g8 Slalllas

method. Expert Syst Appl. 2015;42(20):7195-7206. [DOI:
10.1016/j.eswa.2015.05.033]

Abilio Ramos M, Lépez Droguett E, Mosleh A, Das Chagas
Moura M. A human reliability analysis methodology for oil
refineries and petrochemical plants operation: Phoenix-
PRO qualitative framework. Reliability Reliab Eng Syst Saf.
2020;193:106672. [DOI: 10.1016/j.ress.2019.106672]
Torres Y, Nadeau S, Landau K, Classification and
quantification of human error in manufacturing: A case study
in complex manual assembly. Appl. Sci. 2021;11(2):749-
813. [DOI: 10.3390/app11020749]

Primasari 1A, KomdanY. Analysis of human reliability on
work casting operators using Systematic Human Error
Reduction and Prediction Approach (SHERPA).
Proceedings of International Conference on Engineering
Optimization and Management in Industrial Applications
(ICEOMIA 2022). 2022. [Link]

Chandler FT, Chang YHJ, Mosleh A, Marble JL, Boring RL,
Gertman DI. Human reliability analysis methods selection
guidance for NASA. Washington D.C, NASA/OSMA
Technical Report; 2006. [Link]

Sujan M, Pickup L, Kaya G.K, Earl L, McCulloch P. What
kinds of insights do Safety-l and Safety-Il approaches
provide? A critical reflection on the use of SHERPA and
FRAM in healthcare. Saf Sci. 2024;173:106450. [DOI:
10.1016/j.ssci.2024.106450]

Alexander TM. A case-based human reliability assessment
using HFACS for complex space operations. J Space Saf
Eng. 2019;6(1):53-59. [DOI: 10.1016/j.jsse.2019.01.001]
Cassis D. Validation of the TESEO human reliability
assessment technique for the analysis of aviation
occurrences. Master’s Thesis. Milan: Politecnico University
of Milan; 2017. [Link]

Anonymous. SO 9001: 2015: Quality management
systems—requirements. Switzerland, 2015. [Link]

Hou LX, Liu R, Chen Liu H, Jiang S. Two decades on human
reliability analysis: A bibliometric analysis and literature
review. Ann Nucl Energy. 2021;151:107969. [DOI:
10.1016/j.anucene.2020.107969].

VEF 5l oF oyl IV 6,9 ccosigsyldlmo | YFA


https://doi.org/10.1016/j.ress.2018.06.017
https://doi.org/10.33889/ijmems.2021.6.1.022
https://doi.org/10.1002/qre.2111
https://doi.org/10.1016/j.shaw.2015.12.005
https://www.intechopen.com/chapters/41903
https://doi.org/10.1016/j.ijdrr.2017.03.012
https://doi.org/10.1080/10803548.2013.11076979
https://doi.org/10.1016/j.ress.2018.06.015
https://doi.org/10.1016/j.eswa.2015.05.033
https://doi.org/10.1016/j.ress.2019.106672
https://doi.org/10.3390/app11020749
http://eprints.upnyk.ac.id/32189/1/5.%20Isana%20Komdan.pdf
https://www.sintef.no/globalassets/project/hfc/documents/nasa_hra_report.pdf
https://doi.org/10.1016/j.ssci.2024.106450
https://doi.org/10.1016/j.ssci.2024.106450
https://doi.org/10.1016/j.jsse.2019.01.001
https://www.politesi.polimi.it/handle/10589/143969
https://www.iso.org/standard/62085.html
https://www.sciencedirect.com/science/article/abs/pii/S0306454920306654?via%3Dihub

