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Human Error Analysis Method in Rotorcraft Hydraulic System Using
Fuzzy Theory and HEART
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Abstract The quality assurance of munitions is the process investigation with 5M1E(man, material,
machine, method, measurement, environment). Process investigation contributes effects for 5M1E and
can detect the factors that affect the quality to address human error in system reliability. Heart error
assessment and reduction technique(HEART) is a robust modelling tool that was applied to determine
human error probability(HEP). There are nine generic error probabilities(GEPs), a list of 38
error-producing conditions(EPC), and engineer's assessed proportion of affect(APOA). The APOA is the
weight of each EPC according to its importance. In this paper, the approach taken makes use of fuzzy
theory so that an expert's opinion can be translated into mathematical terms. Fuzzy theory uses
numerous aggregations known as triangular forms with membership functions. Also, a similarity
aggregation method was applied to compute the APOA of each EPC. The proposed method was applied
to predict HEP for three main tasks of the hydraulic system of rotorcraft. This method is useful for

reducing the human error and improving the quality in a rotorcraft task.
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1 @ F(human error)i= AFS] ASE Qs8] U4
HE AR, A AAY dREA HHHQI A4folrt
(1]. 1Y o7& Fojxl JF-E FPol=tl B3I F&
= A A= disiA] 7)o X uAAY 9F &
ol 2283 P o 94 279 R+ IA
472 59 IAGslip), FZHE= TS (apse),
ZA& A4(mistake), T2 HHviolation)o] Atk A
2 HHR oF, WHEE US> £10482 719
e

Tz Q8] hehd A, A A4 4)4]0] Bzol} 2

ZasiH2].
TEES AN 9 R o ARV EEE
ol 4 ¢ A4S dHit. FARTE
[FAGE gRlsto] H-st 24 71E3 &
o7t AEH Y55 Btk E5oE, &
& % SMIEE A&3t Z2AA HES 9T
T ITH3). ZEAA FEE AR 9@ B4 ZEAA o
Fe IRlsks €52=, FHEg AlEo] A=A,
A Aolghe gl o & ggsta Itk SMIE=
9124 A¥(man or person or human), XA(material),
71Al(machine), ¥ (method), &d(measurement),
2 (environment) 2.2 FAHTE o] F A& Ao
st Z2AA AEE 14 72 Qg dy=E 23
< I 4 e BEE 7

Q1 Q5 ofiEe] thet WHE2 HAZOP(human error
hazard and operability study), THERP(technique

for human error rate prediction), HEART(human

error assessment and reduction technique) 5 Tt
FoltH4l. 918 @75 Aash| g PHEZ 1F @
7 914, Q1A oF AL 1Y oF o] 2HE W
Z31 Qlek. olEet W F, HEARTE 2 b4, Alg
4, BE HF WA AF S AF A=A B4
(Human Reliability Analysis)7|®¥ & SIH2A], AH)

AR GO A A8 el
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HEARTE AREsto] /1 o/E
o33t 2t} Kirwan[512 HEARTS] 7]gto
TS gRlstar, Izt A=A Hrlo| 24E
A 979 7Msde AAE = oW oF
(Brror Reduction Analysis, ©]5} ERA)O| 95} Q.72
7Fe s AT o= ok sFAiTh Akyuz 161 i
e B4 9JeliA HEARTE 7HECE HFACS(human
analysis and classification system),
AHP(analytic hierarchy process)E 2835t J15 4
ot Sezer 51712 HEART®} Dempster-Shafer
FACIEE ol8sto] S| S4ZEol gt S &
Qlstt. ESh Ay= CREAM(cognitive reliability
and error analysis method)& 53] =&H 27} v]
wsto] Q1Y QR7E ERISIGITE. HEARTO] et A3 &
TE= 504 5l +4F 5 A 3710 i
A Q79 AFHQl £S5 F83 A= 4
ey, FAESEE WA Fhg HES A
= A2 T Q3th. HEARTS A § H7kE 39
3=

factors

3

Sk Aol "asitt & =RoA= A J3
oA, A JE RS ARSRE A FRF ot
2t Yazdi 5812 FF7] 25420 thsiA FMEA
(failure mode and effects analysis)?} A} A
(similarity aggregation method)& 53 =& =
Zo13dr}. Yin 5912 AA7FA |30 s A Jg
W Bz 7 YF 2d(fault tree analysis)S A&
Sto] AE7HY] 7REAE &S A +AeRE
Shedrt.

2 =RoAMe 948 R A5 ot HHE F
HEARTE AH&5191, 339 337 F9AEY 37H
GFol thsh 1A o F B7RE ERlstgict. HEARTS] 4
= 91% Q% 7FsA(Human Error Probability, ©]
St HEP)S.2 Yepd 4= Qlt}. HEARTY] 1A+ 3 shel
B7HE G HE2 HA o|E& 7Hter AR

oJAS WIF > Urt.

2, 28

2.1 x| 0|2

B o|2L mHEAY ESHAGH AES FFHor
HAT & Qe 0|2 F shto|tH10]. WA 0|2 0 E
= 12 #4849 B4 ol 98 I gAx A3 crisp
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set)E A& F<(membership function)E ©-83F 2.2 HEART
Hx] 8 o 1= a1 T
o:] -\l;] ] J%L(fUZZY set)_E ‘ﬁ%}ﬁ’l":} Eq. (1)-‘4’ Flg. 1 HEART—E‘ ZJ'“QZ}- —9—‘[ET _E_Aj'jq_ iji 7]%§ JC
O A7HE ALL FRAE W Ao 1. -
= A A%k A veErd Zlol Williams[11]o] ©Js} A2=I9ich. HEART: Q% 423
o tie 279 7Fsat gl T BB A2 7]
0,  @<a 2% 9} HEARTE 29 Qo] ot 1E7le] 21413}
— AWe olgF olgoz wWadl A AT £
—,a,< T< @ _
a,—a, ! 2 (Generic Task Type, ©|3} GTT), &% T4 x4
pwi(x) = . (1 (Brror Producing Condition, °©]3} EPC), B7}e A3k
3 -
g Gs Ts g 9] H]&(Assessed Proportion Of Affect, 3} APOA)
3 2 = =
2 TR o714, it 4T RIGTDS 97 &
0, az < HF % 3LE(Generic Brror Probability, ©]3} GEP)Z
T/9%tt. Table 2+= 9709 Uut G5 KFl gk gyt
) 97 8L e Holct
1
Table 2. Description of Generic Task Type(GTT) and
related Generic Error Probability(GEP)
value
P x
a a
0 @ 2 3 D GGT GEP
Fig. 1. Membership function of triangular form | Totally unfamiliar, performed at speed with | ..
no real idea of the likely consequence '
= Shift or restore system to a new or original
S A o £ Q=
0101 tﬂ & ‘_"—c‘)—}: “ﬁ X] UTE Eﬁ "l‘—tﬂ’ B | state on a single attempt without supervision | 0.26
H E=FRoAE= 571K Qo] Weg FA5I9T or procedures
: L AAT FRAE b} ;qo o A Complex task requiring a high level of
Fig. 2= &5 s Herd 12, Table 12 < ¢ comprehension and skill 0.16
G AL Za I = -
_éoﬂ Eq—% /‘\:‘]-ZJ'—% s o < Oﬂ/ﬂ .\111] = L]-q% 7}'—]\ D Fairly simple task performed rapidly or given 0.09
0]1—4', scant attention :
VL L M " VH E Rot'ltine, 'highly pra.cticed, and 'rapid task 0.02
involving a relatively low skill level
Restore of shift the system to an original or
wsl F new state following procedures, with some 0.003
N checking
E Al Completely familiar, well-designed, highly
é practiced, and routine task occurring several
5 times per hour, performed to the highest
g G possible standards by highly motivated, highly 0.0004
s trained and experienced persons, totally aware|
of the implications of failure and having the
time to correct potential errors but without
oL y \ the benefits provided by significant job aids
OCutput Respond correctly to system commands even
. . . H when there is an augmented or automated 0.00002
Fig. 2. Graph of membership function supervisory system providing an accurate ’
interpretation of the system state
Table 1. Fuzzy numbers of triangular form M Miscellaneous task for which no description 0.03
can be found

Level al a2 a3
Very Low(VL) 0 0.2 0.4
Low(L) 0.1 0.35 0.6
Medium(M) 0.2 0.5 0.8
High(H) 0.4 0.65 0.9
Very High(VH) 0.6 0.8 1
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2% 3% ZZA(Error Producing Condition, °]s}
EPC)2 38702 & JFoNA oF 2719 7MedE A
FHRl FA 2 43ttt Table 32 38709 &7 54
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Table 3. EPC definition and related maximum value No diversity
EPC19 | (No diversity of information input for veracity | 2.5
checks)
CODE EPC Max.
value Educational mismatch

(A mismatch between the educational

Unfamiliarity EPC20 achievement level of an individual and the 2
EPC1 (Unfamiliarity with a situation which is 17 .
. requirements of the task)
potentially)
Ti h Dangerous incentives
lm? s orta‘ge EPC21 (An incentive to use other more dangerous 2
EPC2 (A shortage of time available for error 11

procedures)

detection and correction)

Lack of exercise

EPC3 A low signal-noise ratio 10 EPC22 | (Little opportunity to exercise mind and body | 1.8
Features over-ride allowed outside the immediate confines of a job)
EPC4 . @ mez}ns of suppressing -or o-ver*riding‘ 9 Unreliable instrumentation (enough that it is
information or features which is too easily EPC23 . 1.6
noticed)
accessible)
. ) _ . Absolute judgements required
Spatial and functional incompatibility @ df bsol ud hich
(No means of conveying spatial and functional EPC24 need for absoute judgments which are 1.6
EPC5 |, K X N X 8 beyond the capabilities or experience of an
information to operators in a form which they
operator)
can readily assimilate)
Unclear allocation of function and
Model mismatch EPC25 resp;nsibility l 16
EPC6 | (A mismatch between an operator's model of 8
the world and that imagined by a designer) Progress tracking lack
No Obvi ‘ - 3 ded EPC26 | (No obvious way to keep track of progress 1.4
gpcy | No Obvious means of reversing an unintende: 3 during an activity)
action
Che | load Physical capabilities
annel overioad EPC27 | (A danger that finite physical capabilities will | 1.4
(A channel capacity overload, particularly one
EPC8 B . 6 be exceeded)
caused by simultaneous presentation of no
redundant information) EPC28 Low meaning 14
- - (Little or no intrinsic meaning in a task) :
Technique unlearning
EPCO (A need to unlearn a technique and apply one 5 EPC29 High-level emotional stress 1.3
which requires the application of an opposing ill-health
philosophy) EPC30 (Evidence of ill-health amongst operatives, 1.2
Knowledge transfer especially fever)
EPC10 | (The need to transfer specific knowledge from | 5.5 EPC31 Low workforce morale 1.2
task to task without loss) . . pyr— p
nconsistency of meaning of displays an
Performance ambiguity EPC32 procedures 1.2
EPC11 (Ambiguity in the required performance 5
standards) Poor environment

EPC33 | (A poor or hostile environment (below 75% of | 1.15

EPC12 I 4 health or life-threatening sever
g 1ty))
(A mismatch between DEICEIVed and real Sk)

Low mental workload

Poor feedback (Prolonged i - ; i
ged inactivity or highly repetitious
EPC13 (Poor, ambiguous or ill-matched system 4 EPC34 cycling of low mental workload tasks (for Ist 11
feedback) half hour))
Delayed/incomplete feedback Sleep cycles disruption
(No clear direct and timely confirmation of an EPC35 ; ; £ 1 k-sl 1 L1
EPC14 _ . ’ 4 (Disruption of normal work-sleep cycles)
intended action from the portion of the -
system over which control is to be exerted) Task pacing
EPC36 | (Task pacing caused by the intervention of 1.06
Operator inexperience others)
EPC15 | (Operator inexperience (e.g. a newly-qualified 3 -
tradesman, but not an “expert”)) Supernumeraries
- - - EPC37 (Additional team members over and above 103
. Impo-verlshed 1r-1forma‘t10n ) those necessary to perform task normally and |
(An impoverished quality of information satisfactorily (per additional man))
EPC16 3 y p
conveyed by procedures and person/person
interaction) EPC38 Age 1.02
(Age of personnel performing perceptual tasks)
Inadequate checking
EPC17 | (Little or no independent checking or testing 3
of output HEART ¥ 29 27 A4 0% SEHEP)S 2
Objectives conflict = e LeTs ~
7F A o ol =
EPC18 | (A conflict between immediate and long-term | 2.5 A= °7Khuman rellablhty assessments, ©[a}
objectives)_ HRA)Q] A=, APOA, EPC, 7IEAE 3] =&3t)
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Eq. 2+ APOAS}t EPCE B3l 244 7I5A1Q0 WFE Table 5. Expert weighting results
AXSE Aoltk, Eq. 3)2 GEPS} WFE 53 ZAH <l ,
sl=0 Expert | Position |Experience | Education | Sum Weight
4 0% %82 e Aol W
E1 4 4 4 12 0.36
WF, = APOA, < (EPC,—1) + 1, @) B2 1 3 A = D
. E3 3 3 4 10 0.30
fori=1,2,...n;n< 38
Where, WF denotes weight factor for HEART.
R,
w; = — L i=1,2,.m 4)
R

38
HEP= GEPx [ wF, ®3)
1

HEPE: 91z 4124 B43t 9IzF A% 714 Zwio]
A 83 A8 4 Y 24 F S B ol
AHgH et

2.3 QA T3t 29

A AFE RE FPCE U7 27 FEL 1ok
gith EPCY] 84 F H7HE 939 H]l&<l APOAE 0
7} 1 Afo]9] grog A=, A=A =

Z3sto] =&3r AR AL
-4 Delphid, 4t& B, FXE, %] T4
thsitt. Hsu 52 o 24 23S oF7] $siA
A A 2EE AASHTH2]. AAE 2Ee HA
o]2& o|gsto] HEVIY] AL FHFHoE =EShe
olch fAF g mde ARvte] EAL g AR
7v9] 29|, AY, 1% 202 FAT 4= YUtk Table

£ sl BAo] G A4S e ol

Table 4. Traits for expert weighting score

Score Position Experience Education
3 Researcher {3 Bachelor
Junior
4 Researcher <4 Master
c Senior
> Researcher <5 Ph.D

B =RoA HEIH= 38(E(k=1,2,3))
FlaL, 3789 AE7tel gt 29, AE,
75X & Table 58 2ttt Eq. )=
7FeAE VRl Zolth

ol
i

ne

A&7
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Where, w; denotes weight of experts.

B, (/= 27} ol diet QAHEE ek
Ao A5AE B3 4 At
S (minfu (@) ()} e
©)

S(R.R) =~
‘/, (max{ﬂg(ﬂi),uﬁ/(x)})dx

Where, R denotes opinion of an expert.

Fig. 3 x| 0|29 A7t A&k oA & oA
of gzt S =AA o7 ebdH Aotk A&V} 19
o] AL A7t 2% 1712 Uehyy, 72+ AE7to] &
e 942 25 F59 WxKintersection)® EH
Shel, A WAT 0 © AR Bestel YA 3

o]

o vehd 4 9tk

3|
&

el
2~
e

u(x)

0

o mde ARste] dAYE, AEste B
AE7re] A @A =R Rt Eq. (0)
]i];gE(‘SU(Z?J: 1727“' 777/))% UHEQZ—\-
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L Sy S5 5

nl

521 1 523 5271,

SAM= ©)

Snl 5712 Sn3 -1

Where, S denotes similarity measure function.

Eq. (72 HEVHEY Hd YA HZ(Average
Agreement Degree, ©|5t AAD)E YUERH ZHolt}.

= 51
”_1j¢ i
j=1

AAD(E,) @)

Where, AAD(E,) denotes average agreement

degree of expert E(i=1,2,..,n)

Eq. (82 HE/HEY At A= (Relative
Agreement Degree, ©|5} RAD)E YUERH ZHolt}.

LA

AAD(E)

N AAD(E)

i=1

®

Where, RAD, denotes relative agreement degree
of expert £ (i=1,2,..,n)
Eq. 9 9A Hx 7A<(Consensus Degree

Coefficients, ©]3} CDC)E UEeRH ZHo|t}.

CDC, ©)
=8¢ w;+(1=8g)- RAD,(0< Bg< 1)
Where, CDC; denotes consensus degree

coefficients of expert E (i=1,2,...,n)

WA A= ASE AR A 9 2 gt
(392 Holdte] £2F 4 9k AR ozt
Q%) Bl thet FEAL 03 1 Aolo] grog Roje
th 02 ARG odde] et F1FHE Rojsh] g
Aol 12 WA 9X JEE AT AR
A ek Aolth. Yekdos WEte] o7}
0x) Aol et FAEAE 0.5

Eq. (102 27} Q0] ofhal 2948 27 3=
A%, AEF oA 52 B9 L Zolc.

o=
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R,

= CDC(E,)e }~Zle> —~ o CDC(E))e }?M

L

g

A71A, o & WA % H57], & & WA & B

Uebd Blolek. £ 2ol st 94l ATk APOA
= st

3. Aty A7

3.1 29| AF7| RYAS
379 3719 FUAEE ZEFol A4 7isto]
Z1AAR oUAE Y YRR HEA7|= AlEoltt.
FEATS = FAEIY vl {YEn, ERAH B
Ef(transfer module), ZFs7|(actuator), "UZE
(manifold) 522 /g3t F FFEIE AURE
E4 Ao SYote IS of, ERAT HER
e v YEnE e ARV glom
FEE SELEH EWAY HE2
AzEo] glom, AR FURE AR

OH

[
sf et WEE AR & A% 87z &

3
% A T e o 3

o
)
)
off
=2
S
<
3
oL

1
i

Fig. 4. Rotorcraft hydraulic system

Table 62 ofe] 7b RYABS] 34 3 Al AT
£ 91 37b4) 3L vhebdl Bolek. 37k 3L A
957 A% WS A A, AW 97, 09 A
9712 AT,



HZ o] 9 HEARTE o83 349 57 fAASY JAF 7 &4 I
Table 6. Task for rotorcraft hydraulic system E (0,0.2,0.4), R (0,0.2,0.4),
Task GGT Ry=(0.1,0.35,0.6) an
1 Install with machine G
2 Nozzle connect G
3 Fill the oil G Eq. (12)& Eq. 5)E °l&3st 339 A&7t oA
e YARES e ol
Table 78 H4E 4o ofgr o8 34 2a9 -
EPCE Urehdl Zlo|th. EPCE 7 34o] thall 3704 A1 S(R,Ry) = SRy, 1) =1
g5kt S(R,, Ry) = S(Ry, R,) =0.29 (12)
S(Ry R,) = S(R,R;) =0.29

Table 7. Detailed EPC for rotorcraft hydraulic system

Subtask No. EPC No. EPC

1.1 EPC4 Features over-ride allowed

1 1.2 EPC8 Channel overload
1.3 EPC12 Misperception of risk
2.1 EPC2 Time shortage

2 2.2 EPC6 Model mismatch
2.3 EPC9 Technique unlearning
3.1 EPC12 Misperception of risk

3 3.2 EPC15 Operator inexperience
3.3 EPC31 Low workforce morale

3.2 HEART &4

Table 82 HEART £4& 53t A3E Yehd o]
ot 87} 390 gt 7ESAl= Table 4014 1% 4=
A3, AE7F 382 ZF 530 sl 5714 F(leve)E

ol-gsto] 275ttt

Table 8. Expert's opinion of EPC

No. EPC Value El E2 E3
1.1 9 VL VL L
1.2 6 L L L
1.3 4 VL L L
2.1 11 M L M
2.2 8 M M M
2.3 6 M H M
3.1 4 L M M
3.2 3 M M L
3.3 1.2 M M H
il 378 1.100 thsiA FAF A 2dE A8t
Rolk. o714, KRB 0.5% 4ateirt.
Eq. (11)2 Table 1= 0|85t 31o] AR} 9] A

et WA &9
L VL Ry

%}:o L]—E]—LH 7-]0]1:]— O]IIH RlL— VL, R?
Lot w7 ¥ 22 ek Aolet
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Eq. (13)2 Eq. (62 ol-&3to] 379 H27t o4l
gt NS WELA Fe2 tebd Aok

1 1 029
SAM=|1 1 029 13)
029029 1

Eq. (14)= Eq. (7), (8)= ol&st A €A B=s
ALkt Zolct.

RAD, =0.64/(0.6440.64+0.29) = 0.41

RAD, =0.64/(0.6440.64+0.29) =041 (14

RAD; =0.29/(0.64+0.64+0.29) =0.18

Eq. (15)= Eq. (9)F ol&sto] 22 H= ASE
ERdH Zofet,

CDC, =05 036+(1-0.5)- 0.41=0.38

CDC,=05- 0.25+(1—0.5)- 0.41=0.33 (15)

CDC,=05- 0.39-+(1—0.5)- 0.18=0.29

Eq. (16)2 Eq. (10)Z ol&sto] A&7} ool gt

3% AnE vehd Zolc

R~ 0386 (0,0.2,0.4)e 0.33e (0,0.2,0.4) (16)

® 0.29e¢ (0.1, 0.35,0.6) = (0.03,0.24,0.46)

- 0.24

Table 9= 37 1 ~ 3°] gt WFE &3 14

2F



gEQl HEPE Z&3t Zolth &&d U4 oFf &1l
HEPE S5 14 275 YT &0l w2 A=
e £ Slok. fAAG] gt *1F oF SE FIl
382 923 Aoy, Au] 4A, oA 7] &
o7 geld 4 Qe
Table 9. Human error probability of tasks
Subtask No. APOA WF GGT HEP
1.1 0.24 2.92
1 1.2 0.35 2.75 0.004 0.0030
1.3 0.31 1.93
2.1 0.47 5.7
2 2.2 0.50 4.5 0.004 0.0055
2.3 0.53 3.65
3.1 0.46 2.38
3 3.2 0.45 1.9 0.004 0.0022
3.3 0.55 1.11
Table 102 Kumar 5°] g5t 278 Yepd Ho]
o} B =Ro)A 9] Y= Kumar 5°] A3 LPG F
QadA Az BF TY da A4 o 8o At

S} A3,

Table 10. HEART result applied in an LPG refueling

station
Activity Rank
Stall the vehicle with right position 3
Connect the nozzle 1
Fill the tank with fuel 2
Disconnect the nozzle 4

4. 2
2 ERe I5E FURIEEAIN ZeA HE F

A 7= Q5| WAsh= ATS FRleh| Yt W
2% A Aolth. T3k 7] Al 8% 7hed|
70~80%E A% Q7 Q15| WA= oA g
FAE Folotr] flgt A2 Pt AAE HH
22 Q14 oF BAS d1, =gFo= IRIsH] s
A WA o]2& Hlgog 7|& HEARTY FAF Fgh &
4 Aot HES] A5S A8 497 +E
% 33X FB71Y KLAAE 37 TS A a7=
At FEAE 371 T2 A ZANA 1A

[¢] -1 O O

=
p

612

S5 44, 94 oF S A Ao
Foz 2ol gl 29 At
2 Agsto] HA S12 Sloks

2ol

o Wasich
AELE R
el 3
2o o
At gHom

£ AToA] Al
cesistn MRS

asted] 7lofd 4

A% 47} 37449
o} Aelst

ful e
o
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o, 1o

9]
il

References

[1] J. Y. Choi, K. S. Cha, "The study to factors induced
human error’, THE KJAsEM, Vol.12, No.4, pp.196-202,
2002.

Y. G. Kim, Y. C. Choi, H. M. Yang, "A study on the
detailed classification and empirical analysis of
human error’, The Korean Society for Aviation and
Aeronautics, Vol.10, No.1, pp.9-20, 2002.

B. C. Shin, W. Y. Hwang, N. S. Ahn, D. H. Kim, G. L.
Lee, B. K. Jang, J. H. Byun, "Suggestions on enhancing
the effectiveness of government quality Assurance
Activities for military supplies in production stage’,
Journal of Society Quality Management, Vol.44, No.1,
pp.153-166, March 2016.

DOL: http://dx.doi.org/10.7469/JKSQM.2016.44.1.153

[4] M. Butlewski, M. Jasiulewicz-Kaczmarek, A. Misztal,
M. Slawinska, Safety and Reliability : Methodology
and Applocations, Design methods of reducting
human error in practice, p.2455, CRC Press, 2014,
pp.1101-1106.

DOI: http://dx.doi.org/10.1201/b17399-154

B. Kirwan, "Human error identification techniques for
risk assessment of high risk systems - part 1 : review
and evaluation of techniques', Applied Ergonomics,
Vol.29, No.3, pp.157-177, Jan. 1998.

DOI: http://dx.doi.org/10.1016/S0003-6870(98)00010-6

E. Akyuz, M. Celik, S. Cebi, "A phase of
comprehensive research to determine marine-specific




(7

(8]

[9]

(101

(11]

[12]

[13]

7] o} U HEARTE ol8d sldo] 837 RUA%59 A4 oF B4
EPC values in human error assessment and reduction
technique", Safety Science, Vol.87, No.l, pp.63-75, _ _
March 2016. Lt & &(Seong-Hyeon Na) (M5

DOI: http://dx.doi.org/10.1016/j.ss¢i.2016.03.013

S. I. Sezer, E. Akyuz, O. Arslan, "An extended HEART
Dempster-Shafer evidence theory approach to assess
human reliability for the gas freeing process on
chemical tankers', Reliability Engineering and System
Safety, Vol.220, No.1, Article 108275, Dec. 2021.
DOI: http://doi.org/10.1016/j.ress.2021.108275

M. Yazdi. S. Daneshvar, H. Setareh, "An Extension to
Fuzzy Developed Failure Mode and Effects Analysis
(FDFMEA) Application for Aircraft Landing System',
Safety Science, Vol.98, pp.113-123, June 2017.

DOLI: http://dx.doi.org/10.1016/j.ssci.2017.06.009

H. Yin, C. Liu, W. Wu, K. Song, D. Liu, Y. Dan, "Safety
assessment of natural gas storage tank using similarity
aggregation method based fuzzy fault tree analysis
(SAM-FFTA) approach’, Vol.66, No.1, Article 104159,
May 2020.

DOI: http://doi.org/10.1016/j.ilp.2020.104159

L. A. Zadeh, “Fuzzy sets’, Information and control,
Vol.8, pp.338-353, Nov. 1965.
DOI: http://dx.doi.org/10.1109/2.53

J. C. Williams, "A data based method for assessing and
reducing human error to improve operational
performance’, Human factors and Power Plants,
Conference Record for 1988 IEEE Fourth Conference
on. IEEE Xplore, pp.436-450, 1988.

DOI: http://dx.doi.org/10.1109/HFPP.1988.27540

H.M. Hsu, C.T. Chen, “Aggregation of Fuzzy Opinions
under Group Decision Making”, Fuzzy Sets and
Systems, Vol.79. pp.279-285, 1996.

DOI: http://doi.org/10.1016/0165-0114(95)00185-9

A. M. Kumar, S. Rajakarunakaran, V. A. Prabhu,
"Application of Fuzzy HEART and expert elicitation
for quantifying human error probability in LPG
refuelling station, Journal of Loss Prevention in the
Process Industries, Vol.48, No.1, pp.186-198, April
2017.

DOI: http://dx.doi.org/10.1016/1.ilp.2017.04.021

613

- 201749 29 ¢ FUTHShL Yuiy
stgl 7] Ag skt (FahaAp

+ 20179 9€¥€ ~ 20194 12€ :
el A7

£ 20199 129 ~ A FY1SE
49 A7

TAEoR
4749, 71ATS, 33358 AHE5

=

[(Halg]

« 20124 29 : AEHEE Oxdg
TRI=8} (FeetAp

+ 20129 49 ~ 20149 49 : s}et
|0k AR

+ 20149 39 ~ 20199 6¥ :

yEwEE o2

20194 129 ~ &4 : ]eE

24 a7

=1ow A

GREL
AEEG o] YAE, AuLEYo] T3}




