Systematic Review pﬁ'

Iran Occupational Health http://ioh.iums.ac.ir \v
Iran Occupational Health. 2021 (01 Sep);18: 17 \

\eoIpoIN JO Ayissean ues

[ Downloaded from ioh.iums.ac.ir on 2025-08-01 ]

[ DOI: 10.52547/i0h.18.1.249 ]

Systematic Literature Review on The Application of Data Mining Methods to
Monitor the Operator’s Functional State in Human-Machine Systems

Marzieh Sadeghian, Assistant Professor, Department of Occupational Health, Faculty of Health, Ahvaz Jundishapur University
of Medical Sciences, Ahvaz, Iran.

Soroor Shekarizadeh, Msc, Department of Artificial Intelligence, Faculty of Computer Engineering, Amirkabir University of
Technology, Tehran, Iran.

Zahra Mohammadi, (*Corresponding author), PhD student, Department of Occupational Health and Safety, Student Research
Committee, School of Public Health and Safety, Shahid Beheshti University of Medical Science, Tehran, Iran.
z-mohammadi@sbmu.ac.ir

Abstract

Keywords

Background and aims: Continuous monitoring of operator functional state, is
one of the most important topics, and the data mining methods are considered Human-machine system
as a suitable tool for providing the performance evaluation models. However,
there has been no comprehensive study on the use of data mining methods
in this field so far, and in so doing, the aim of the present article, was to
systematically review the role and importance of the data mining methods to
monitor the operator functional state in human-machine systems.

Data Mining

Operator functional state

Methods: A total of 86 published articles that evaluated the operator functional
state, were reviewed in five databases. All articles were analyzed in four groups
related to the operator functional state, three critical safety systems, and three
types of data mining techniques. The operator functional state, was also assessed
through methods of physical measurement, psychophysiological measurement,
task-performance indicators, and subjective judgment.

Results: Most of the data mining models were related to the field of road and air

transportation, which are mainly focused on fatigue and the task-performance Received: 2019/03/15
indicators. The support vector machine and neural network models were the
most frequently used data mining methods. The results showed, that most
studies were performed on fatigue models, among the functional states where
mainly physical measurements were used; however, the psychophysiological
measurements were the most frequently applied measuring method for the
mental workload models and the task performance indicators.
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Conclusion: A comprehensive evaluation of the data mining methods and the
parameters used in these models to assess the operator functional state, will
identify the research gaps in this area, and results in conducting more extensive
studies to improve the human performance.
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EXTENDED ABSTRACT

INTRODUCTION

In human-machine systems, the human operator
interacts with the machine and the two sides interact
with each other. In fact, the task of humans is
determined in relation to the task of the machine, and
thereisasignificantrelationship between the motorand
sensory force of an individual with the capabilities of
the machine. This interaction is in the form of a closed-
loop system in which, human plays an important role
in decision-making. In addition, the complexity of
this interaction and the poor system design can cause
many faults and accidents [1, 2]. Therefore, increasing
the complexity of the human-machine systems, as well
as reducing the physical aspects of job activities, has
increased the operator’s interaction with the machine,
and requires the operators multi-tasking in the
implementation and monitoring of the operations. For
this reason, continuous monitoring of the operator’s
performance is important as one of the requirements
of the human-machine systems. The Operator
Functional State (OFS), is a multidimensional model
of human psychophysiological status that correlates
the performance with the task requirements, such
as physiological and psychological costs of a work.
In general, there are three parts in measuring the
operator’s functional state, including the mental
reporting or judgment, measurement of the task
performance indicators, and the physical and
physiological measurements. The amazing progress
of computer technology has led to the development
of data collection and the creation of large databases
in various fields, where data mining is a process of
extracting information in order to achieve regular and
logical patterns. The use of data mining in operator
functional state’s evaluation models, improves the
stability and accuracy of the evaluation results, and is
used as an auxiliary process to identify and predict the
performance in human-machine systems. However,
so far, no comprehensive research has been done on
the use of data mining methods in this area. Therefore,
the purpose of this study was to systematically review
the role and importance of data mining methods to
assess the operator functional state in human-machine
systems. In this study, a framework was presented,
that in addition to providing a comprehensive view of
the application of data mining models and methods
to evaluate the operator’s function, also identifies
the main application areas of these methods and
measurement parameters.

METHODOLOGY
Question design in PICO format

In this study, are included, population (P): the
operator of human-machine systems, intervention (I):
the use of data mining, and outcome, (O): the operator
functional state.

Inclusion and exclusion criteria

In this study, 3 inclusion criteria were considered:
(1) published articles or studies presented at the
conference that used at least one data mining method
to monitor the performance of people in the human-
machine systems, (2) articles which have described
the data mining methods in detail, (3) data mining
methods were quite recognizable in the context
of the article. In addition, the master’s or doctoral
dissertations, textbooks, and unpublished articles
were determined as the exclusion criteria.

Search strategy

The researches were conducted in five categorize
to cover the most scientific journals in the English
language. In addition, many researches were
performed in terms of the words related to the human
functional state, and words related to data mining
methods. The time frame was considered between
1999 and 2018

Select articles

Initially, 587 articles between the years of 1999 to
2018 were identified. Finally, 86 articles were selected
according to the systematic framework presented by
Hachichaand Ghorbel. A detailed review of each article
for one of the following human-machine systems,
including transportation, process and power plant
systems, one for the following four states of fatigue,
distraction, mental workload and task performance
indicators, as well as one for the following three
classification, prediction, and regression models were
done.

Data extraction

The operator functional state was evaluated in five
groups of: distraction, fatigue, mental workload, task
performance indicators (speed, accuracy, reaction
time, etc.) and hybrid parameters of the mentioned
items. The operator functional state’s measurement
was also divided into five categories: physical
measurements, psychophysiological measurements,
methods of measuring the task performance
indicators, reporting or subjective judgment methods,
and a combination of the mentioned measurements.
The status of the operator in human-machine systems
is examined with different data mining models, which
usually includes the classification, prediction and
regression models. To review the articles, first, the
three main data mining models including regression,
classification, and prediction were identified and then,
the data mining methods were determined.

Assess study quality
The quality of the articles in this study, was
evaluated based on the STROBE tool.
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RESULT
Review of the articles, based on the proposed study
framework

The results of the article’s evaluation showed
that, the major data mining models proposed were
associated with the transportation systems (58 road
transport articles: 67.44% and 20 air transport articles:
23.25%), then, fewer studies related to process and
power plant systems were observed (8 articles: 9.3%).
The most application of data mining methods was
observed in road and air transportation systems, the
main focus of which was on fatigue (36 articles) and the
task performance indicators (15 articles). Less studies
have been done regarding the process and power plant
industries; there were 3 articles concerning each of
the fields of mental workload and fatigue, and the rest
were related to task performance indicators (1 article)
and the combined cases (1 article).
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Figure (1), shows the application of measurement
methods in the five groups of operator functional
states. Based on the results, the models related to the
fatigue parameter, had a higher contribution than other
areas of the performance status. In fatigue models, the
order of using the measurement methods includes:
the physical measurements (22 articles: 25.58%),
psychophysiological measurements (12 articles: 13.95
%), measurement of the task performance indicators (3
Article: 3.49%) and combined measurement methods
(2 articles: 2.32%). The application of measurements
for the distraction parameter is also in the form of
physical measurement methods including 3 articles
(3.49%) and psychophysiological measurements,
measurement of the task performance indicators and
combined measurement methods including 2 articles
for each (2.32%). Psychophysiological measurement
methods were most used to construct models for
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Figure 1. Distribution of the articles, based on the operator functional state measurement methods

Table 1. Distribution of the articles, based on the operator functional state and data mining models

Operator functional state

Data mining model

Number of articles

Classification 24

Fatigue Predictipn 11
Regression 2

Combined models 2

Classification 3

Distraction Prediction 5
Regression 1

Classification 9

Mental workload Prediction 4
. Classification 5
Performance indicators Prediction 1
Classification 2

Combined parameters Prediction 5
Regression 1
Total Total 86

v
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Figure 2. Distribution of the articles, based on the application of data mining methods

mental workload and task performance indicators
(9 and 13 articles: 10.46 7 and 15.12%, respectively),
but in the combined parameters of the performance
status, the physical measurement methods were used
the most (4 articles: 4.65%).

Table (1) shows the distribution of articles based
on their functional state and models presented. The
classification models were identified as the most widely
used data mining models (43 articles), and the models
of prediction (37 articles), regression (4 articles) and
also a combination of data mining models (2 articles)
were placed in the next ranks.

The main data mining algorithms used to evaluate
the operator functional state, are based on Figure (2).
The support vector machine (23 articles: 26.74%) and
neural network (21 articles: 24.42%) methods showed
the most application in constructing the models for
evaluating the operator functional state. Also, the
fuzzy model (15 articles: 17.44%), AdaBoost (13
articles: 15.12%), regression (12 articles: 13.95%),
Bayesian (11 articles: 12.79%), decision tree (7 Article:
8.14%), hidden Markov model (5 articles: 5.81%) and
genetic algorithm (3 articles: 3.49%), were in the next
categories.

Distribution of the articles by the year of publication

Articles on the application of data mining methods
for operator functional state, from 1999 to 2009, had
an increasing trend, such that the largest number of
articles in this field was published in 2009. After 2009,
the publish rate decreased compared to this year.

Distribution of the articles by the country name

Among the reviewed articles, most of the studies
were related to the United States and China (22 and 21
articles, respectively). Other articles have been done in
different countries such as Australia, England, Korea,
etc.

DISCUSSION

According to the results, among the three human-
machinesystemsexaminedinthisstudy, theresearchers
paid the most attention to transportation systems
(90.7% of articles). The most researches conducted to
road and air transportation systems, focused on fatigue
and performance indicators, respectively. While fewer
of the models presented, deal with the distraction
and mental workload. Therefore, considering their
high impact on the occurrence of accidents, further
researches on the study of the distraction and mental
workload parameters is suggested. On the other
hand, despite the relatively few studies conducted to
the power plant and process industries, as well as the
importance of the human performance role in these
systems, it is important to conduct more extensive
studies and further develop the proposed models.
In most models, physical and psychophysiological
measurement methods have been used that, more
applications of, can be due to higher sensitivity and
thus providing more accurate models. In the present
study, the results of examining the types of data
mining techniques used to determine the operator
functional state, showed that the classification models
and then predictive models are the most widely used
models in these studies. In addition, considering that
the classification and prediction models provide an
effective and useful prediction of human functional
state (as a complex system) by examining the operator’s
behavior, the high application of these models would
not be far from expectation. On the other hand, the
support vector machine method and then the neural
network, were the most used among other models.
The support vector machine algorithm provides more
accurate classification results than other common
methods and is used for many classification problems.
In addition, due to the multiplicity of parameters in
the discussion of the operator functional state, the
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complexity of the relationships between them, and
the existence of unknown interfering parameters,
the selection of an appropriate method to properly
evaluate the relationships between this categories,
should be carefully considered. Therefore, the use
of nonlinear relationships such as neural network
models is one of the solutions recommended by
various researchers in this field; and in recent years
has attracted the attention of the scientific community.
In fact, the neural network has a high ability to detect
complex nonlinear relationships between dependent
and independent parameters [122, 124], and is able
to identify the possible interferences between the
predicted parameters.

The review of articles also showed that the United
States and China have paid special attention to the use
of data mining in the studies of human performance,
but in Iran, the number of articles was very low.
Considering the statistics of the transportation
accidents, power plant and process systems and the
role of human performance in the occurrence of these
accidents [125-127], it is necessary to examine the
role of various factors on the human performance in
Iran, using the data mining techniques and models to
purposefully control the accidents.

CONCLUSIONS

Due to the complexity of job tasks and concerns
about the consequences of possible functional defects,
accurate estimation of the user’s performance and
determination of the conditions affecting it, leads to the

Systematic Literature Review on The Application...

integration of the human-machine system interaction.
Various models have been proposed to assess the
human functional state that, the general approach of
these models is to pay attention to the complexity of job
tasks and reduce concerns about the consequences of
operator’s functional defects in critical safety situations.
The important point in using the models, is their
accuracy of prediction, thus, higher accuracy models
provide a more accurate assessment of the operator’s
performance and the possibility of achieving the
optimal condition. In addition, these models are more
accepted by the system designers and users. In recent
years, data mining methods have been widely used to
model the operator’s performance in human-machine
systems, that the support vector machine method and
then the neural network had the highest application
among other models. Therefore, in future studies, it is
necessary to examine the efficiency and results of each
of the different data mining methods in this field.

In general, a comprehensive evaluation of data-
mining-based models, in order to determine the
operator functional state in human-machine systems
and identify performance-related factors and
measurement methods in various articles, will lead to
the identification of a research gap in this area, and the
conduction of more researches to assess and improve
the state of human performance.

CONFLICT OF INTEREST
The authors declare that there are no conflicts of
interest regarding the publication of this manuscript.

How to cite this article:

Marzieh Sadeghian, Soroor Shekarizadeh, Zahra Mohammadi. Systematic Literature Review on The Application of
Data Mining Methods to Monitor the Operator’s Functional State in Human-Machine Systems. Iran Occupational

Health. 2021 (01 Sep);18:17.

*This work is published under CC BY-NC 4.0 licence



http://dx.doi.org/10.52547/ioh.18.1.249
https://ioh.iums.ac.ir/article-1-2638-en.html

= Sedloduaw 550 aflie

http://ioh.iums.ac.ir Wl k=t

\EOIPOI 10 Aysioalun ues

ISR
N

WA = VA 090

5 Progs

[ Downloaded from ioh.iums.ac.ir on 2025-08-01 ]

[ DOI: 10.52547/i0h.18.1.249 ]

29 29917318 Sos Curd g il Cug> S35 0018 (S yig 5 0 515 Solodums 59 50
Ol — (st (Gl o
Sl lsa) Slsal el cnin (S pole oSl ceiligy 0aSils ¢gl 48> udlig 05,5 skl 1UWBUo dud e

Ol It S ol inio oSy ¢ puolS’ i 0uSilS o giuan gm0, i)l Lwlis)lS 10315 (5, ING 4o

Sapes (S pole olKuiily ¢ gianl 5 Cudligs 0aSiily (gl (ibghy dinaS ¢ el g (gl 48 Cubligy (wdigs 095 (53D gl (Jstume odiny s %) 2 GhoDm0 1yd]
z-mohammadi@sbmu.ac.ir .|yl ¢85 « ie

005>
Lo 519l Orble ~ sl Glb s ) S 3)50 Slegdge ()5 ke ) ol 3,8las Cundg pglie Sl 1B 5 de
et B L Bsd o wgume 3las Cumdy b)) sl Jae Sl gl caslie (gl plgis 4 595 02l (lo b9 g
Owile Alis cplply sl oais plodl die cpl )3 (g9l8 03> (6 b by 5l ookl 5)ge )0 (ol Guis eS T (b oy
38 o3b> 2ol 3 les cundy il cap 5ol 03l (sla gy el g GBS (qwyp Slottas yp0 Sia b Sl
9IRS hes cuny ol 035 plol il =yl (glb piges

ol 0y 02l oL iy 53 sl 3Skes Cumdg o)l & bgye b piitie dlie AP 5wy 0 U9
S8 03> ST g aw g S el s dw glnl 3Sles Cunig 4 bgiye 05 jlex 3 Ve 48
sl 65 0l (S35 65 ol sl B9y B2l Sl 35yl (g2 Ses Cumdg lomis (nan 03, Julod
0 Gglab b (a5 sl gy 5 4kl 3)Sles gla (aSlE (6 ojlul sl gy (Slgy — Sl

sl &85 8 sy 2390

WAVAYYY  cdlys )b el g (Saud p bias a5 5oy o g sl 3l S5 g oo )9 4 bigrpe (s5lS 03> sla Jue 8T il aidly
WAMNYY 2 b pds gu)b (smas &S g Glaidy by udle o Jdo 5 golS 0oy gla ogy cpm yd il o S e At 5 Shes la

S p VL (Sind gl Jao (00,Sles gla Cumdg o jl 48 00l L gols sl e Ll 1y 0 y)87 o i
Cridn a5 Jl )3 ol 003355 00l (58 slo (65 05101l Bitas b ] )3 a8 o3l olaisl 3¢ 4 1) clalllas
19~ St G S ol 4 bgye )Slas gla jadli 5 203 )5 )L sl Jie )3 65 ol b,
JR: P

Joe cnl 5o 0olil 5)50 (sla il (eizman g 0ol &il)l (55l 00ls slo by, aelr (2l i8S Aot
035 Slalllas ploxil 5 0592 (nl 5o (Slindod M Glulid s 5l pl 3 Shoe Cundy (o p 0 1o
Al dalg il o Slos Sguge Sz 0

Gl oww)/)féﬁlw ‘)é) L
DL 2l Sy los xido

:dlilo ol 4y sbciwl oguls
Marzieh Sadeghian, Soroor Shekarizadeh, Zahra Mohammadi. Systematic Literature Review on The Application of

Data Mining Methods to Monitor the Operator’s Functional State in Human-Machine Systems. Iran Occupational
Health. 2021 (01 Sep);18:17.

ol 458 55 23 yg00 CC BY-NC 4.0 U galbs S1HT (s yiawsd 3 3900 &3 alliie yal pLiuisl™

Iran Occupational Health. 2021 (01 Sep);18: 17. 4



http://ioh.iums.ac.ir
http://dx.doi.org/10.52547/ioh.18.1.249
https://ioh.iums.ac.ir/article-1-2638-en.html

[ Downloaded from ioh.iums.ac.ir on 2025-08-01 ]

[ DOI: 10.52547/i0h.18.1.249 ]

w59l 0ols sl g, 0 0I5 Silatw j950

Spe O 8es Gla x5 ol 5 sl azmale sla
L bad,e Juwily 3 (BEG)T 815 gllawsTy 2SIl asile
(S gloel cd anld o .asl o (ERP) olayg,
5 Dl P Gl A Silo ead b slaslds
sl S e s 5 o el 5 e S U185 5
Sterman aslae ;o Jle job 4 () -V) ! i
a5 b ol jan ol Bl ax g5 s ioli8l aS 0o 5 Lo
s Myung g Ryu asdllas .(V)) el 009 WIT 03l )15
Lﬂixbolgﬁ‘@jéawg)m)}m@JoboLﬁ
ail o0 9,8 0,80es j0 s ] dely g 4l als
Zlsel ol 3l Clacl pole laaisls puzan (1Y)
W2l5e )3 o Cundy Bres 5,0 9 S Ll 6l S5k
S84 0)ly sl ol (rizren 5 69, 8ee Dl psi b
QS o oolatnl Galize Jasrs glo S yore 13U Cod
Y5 --Y)

0all g (S (285 Ik s (S n
40ed (et 5l (Ko plye 4 adily o Shee la
Olagdos eaSE (1 F)ogd oo Camme puile -yl
Gl oS e e 3l s pSam Saa Lol
ploul o Sae Laa> yioren g 203 6,5 ,L ( S
5 MW ol o bl as (VWY-V0) el oaus 5
Rl Zales 50 5 (Knd (G ol (25 )L
(Y- VAN P asled oo 0l 1) addsg o Sloe oUlgs
GB3 sla Joo g o (bg) dnngi g (o) 2 o anS (6l
AYF-YV) el ooy

5))‘.3 6‘ osls <_f,‘l.fb oli’l.: .)l:;u\ 9 Sledb| G)STC:“-?
S35 ool A ((YO) el ool calitre slo aio) o
s jehate 4 Sledsl 1y 5el aild lge 4
OO S ail o sthin g phaie slo (663 @
o, 8les Curog b)) sl Joe jo sglS ools oS
5008 bl mls s 5 Ol sgner w53l
s Ol 5 stleled lp (Sl S plse
"ol Jolas 4 bgrpe Slalllas jo 4SSl 4 azxgi b
oolauwl VS jo ouls S8 calizes o g, 5l (pile
6‘)‘.’ Lg..\.g";_e u‘}..c a 63[5 osls @‘ﬁb.g ol 00U

2 Electroencephalography
3 Event-related potential

\4

doddo
Oeile b (Sl ygilpleietile -l sl gt o
3,10 bl 136 0085 2Bk 90 e gosg Jelas )
Oeerd Oeble aiebs b bl jo gl aalsg adly o
lo CebBL oS (a5 (55> 9 (w9905 (o
Sygo d Jolas culo o 0szg (g lolae LU pile
D8 Gkl ol &S 0oy atn il b e
Orzed - hiled (oo Wl ) (cotr 2B (525 e
S5 o s chinds o 5 JolsS ol (S
Oials8l el ol (Y 5)) 00 5 Soles g Uas sboul o
Gl izmen 5 edle Ll (6o s (S
olPl cage Jid sla cdld (o5 Gla 4
b, gilpl (o sladly wiz g odlo b ygilpl Jolas
Ol do e 4y sl oals O g |y Sldae jo
St it SLHTI G lgie 551510 Sas polas
G s 55 (V) oo gl 5 ptlo - ol
elee (J& 5 Jo b pinen aiile il -l
Sl (Sl sl Sl 5 a5 (855 5 gl B
abaly 4,551 510 Soe Comdg oyl i yls g0l
@b Sl 5l s S5 50 o] giemme 1S
(OFS)" 1551l o ,Shae Camdg (0 ,F) il o 45 5
Ol Slsy " Siels e Cundy 5l sun vz 65N
aaby sl guiojls b o Slee onuns bl )l aS o0g
@-(P)asl (oo )5 Sl 5 (Sl iud o a o ol
S 8des Condg 6 25 ol A 55 i A S oo
ojlaile gd glad by (5,155 ol aS 0,10 0429 4431 ]
slo x5 ojlul g ailog o Sles sla jazli (65
LB S5 5L il n Silsnd 5 (o
)l (S glaB b 5,155 g, 5l gl diged lgae
e i aa iy o Slas glo asli (6,.5 ojlasl (Y
S50 )8 S planl sl 08 ol el lo ST
aiely (o5 5 aslanlsg o Sloe (pad L aS 005 i
aa by o Sles sl azli 008 P S Gl
s o 2B Oy aiile o ymell Lawgs
S D oligS aladle o3l g 4z gs caly oy 35 03
@lo el (5,5 o5lail ol o 2l Galesl Jsb 5
@ ol GST pae alaly 4 5 (Sojlnsed 5 (o5
(loj s o3l So 0 ol pglae ol 5 08 ST el
e g 5l (F S (oo a0 8 5] (e aledsl
i DU >t Jolds (39l 58 5 (Seed 6 o5l
Obrd €5 syt oy Ky (y 2 el0 9 s

1 Operator functional state


http://dx.doi.org/10.52547/ioh.18.1.249
https://ioh.iums.ac.ir/article-1-2638-en.html

[ Downloaded from ioh.iums.ac.ir on 2025-08-01 ]

[ DOI: 10.52547/i0h.18.1.249 ]

RV PPN pe]

&3 50005 sloyles
(1) rewl ouds 428,85 JLa5 10 05,9 )lre ¥ adlllas ol o
aS il xS 10 oo &Sl Sldllas b ool it oY las
S 8 Slae by (sl ol ools Uig, S Joha
() cails 03,5 oolitasl ypblo - sl (6l om0
T B30 sk aly g5l5 ool slo g, a5 Y
MalS” llie e 4 (59lS 00l sl g, (V) il ools
o) o 4ol (Ll (ieen 0Bl (ansuas LB
e 0als piiine OYlae g oo slo QLS S b ol
0dl 0038 )5y adlllas 3l 29,5 slolas lgic 4

el

O3 (Ss7eiec s3]
JEEE Xplore ScienceDirect ools o5l zeiy ;o g
Moo oy yiion 45 Wiley 4 SpringerLink Scopus
Pl cind (oo (g |) (candST 0L 50 99250 (oole
bgiye (B5ly O)go 4 grins Slle (rizres oul
Distraction Mental : fols Ll 5 Slos Condy @
Operator  Drowsiness  (Tiredness  .Fatigue
Workload state [Mental performance Jfunctional
Data : Jols 55l ools slo (bs, b Laspe 5515
Hidden Neural network Bayesian network .mining
Support vector Regression Decision tree Markov
K-nearest.Genetic Algorithm Adaboost .machine
Predictiony Classification Clustreing mneighbor
S5 s by o sl 05lgudS” i Syl 00y
9485 &g adsl (S92 9 S Tl g5 00l sla
)90 Sl (hg, nrtien bl O5lg LB s
ad pdy plol Ll o Slee oL, 059> Ho oolaiul
Om i 97 g Sz (5l oad QLB Sy ol !
L) Cewl oo a8,5 s 0 VYA B Y9 sl Lo
ol iagh Sley Cudgasme g OYle saud a4 axg5
(6018 )18 axgi 0,900 1) Sloj odgaze ol aiun g

YoOA B 1998 Gla Jlo 4 bgye alie DAY lawl
5 000,S Bi> (6,55 OVlia ppes -00h _plli
Xl oog Lo 1y 54,9 (slo Lixe dsllas VPV Egomo )

LGl gl eols by, 51 ol joas” Ve I e

5 apas fgslel gl gy

o peite dia blow

[ gmas 450505318 Sa,
S35 ey S

OWalize glo aie) ;o (55lS ool ) ST

coals slo olSyL 5l e (slagSll o oSl 2l s
slagSll plulids 611, 5 30 sla Jao 0 )15 ais
C80 Sgupn ) L aled so m2l 3 Heil il o Sles Consg
S1oglnl o des 5 60,555 slo Cundy o)l
cxge w58 ool sla gy p (e sl S )b
Oeile bl gl s o Lol san]is 0yl
P e Sy a b Jas 0,5 (YY-YV) ! s
‘_g)jwdl&o!aﬁsa&yudmuﬁs
Joe-sibe (oo ol Bl Sz Ll pb 590 51 (6 St
Ciyllg sl oo 5 £o8 Saaliys arass S o
Sy Lalpd g a8 (o0 ol B (Ble 5 lnl o
il gl by, alows ) Vb (03 5L 51 26y
el a5 L Jas ol OFE XY D)l e ool
O3S 5 3 (S O g abeb o s, Jeld
S s ;5 598 00l slo g lsie 4 il oo
DY) aigd o 43,8 LIS dilige cyaile -l
ooliial 550 5 casle s (5SL ol ool L (XY
el 0ais plol 039> cpl jo g9S 00l s o g, 3l
e Silataas 590 eyl allie 5 B oyl ol
Sl by Comal g B (pw)p die) 4o 0l plxl
2 glnl o Ses Cunsy b)) Gln sl ool
adllas ol o ol o ol - Ll (6l g
ol o (oged ol 3 e a5 03 5 il 092>
r Sle sl edls sla g, 5 b Jae 55
5 o by crl 05 oses slooje gl nl 3 Shoe

led oo plelid 51y (68 o3lul sla il Ly

IR Y9

PICO _J o Jlpws 1L

L_gl.a> fooimiind yO )931).;‘ (P) Goa 03; axllaso Q—J“ o
u,«.as) )‘ oolaiwl (I) [ SN Lg‘)" U9’°)—‘ su.».mLo 'uLm.:‘
o).ilo.c w.’.»a9 lew 3(0) @9)5 9 nglf 0ol ‘_gLaa
A



http://dx.doi.org/10.52547/ioh.18.1.249
https://ioh.iums.ac.ir/article-1-2638-en.html

[ Downloaded from ioh.iums.ac.ir on 2025-08-01 ]

[ DOI: 10.52547/i0h.18.1.249 ]

w59l 0ols sl g, 0 0I5 Silatw j950

(o DAY 3lass)

cololi

0> gl ol )d g9 o lawgs 0l glwlid & Ylis

)i{.) c)‘.m R ]a.wy [XW) Lﬁlwt.w oYbe

(o 1+ slaw)

v

v

S 5)lge Bl | Ly Yl

(o ¥YY slas)

¥

o Juye wYlie

(s VSV 3ls)

ond asliS LS & Yle

(s VOF 5lis)

Y

(e VY slass)

o9 Ll s (gl ond cny Jol e b VLo

ol aniliS LS JolS" yie b Ylie

\ 4

(lie Y5 3l15)

¥

Jedos )3 00 5yl Y lae

(i AP 5lss)

[wﬁsx 4 39;5} [ow bulys sl JL“)L:MJ [ by J

S9ye aalllas plowl Jol o a0dls Y IS

ol 438 s plonil 9 S 5 5

Lo ools g/, e]

(Snodle 0sS w0 Lglnl 9 Shee Consy
aiby o Slos sl (alh (203 )L (S
=55 syl g (g 25Ty loj o283 ae )
Oldllas o Lol oal gwyp el S35 )lse
dele 5 35505 50 Sl Olye 4 el (S o>
ol Glae a4 S o Sles caS o B0
Sl 8 o Shas sains GialS 5 Ko ia
plxl ln 08 Sy )b 5l (e 1203 6,6 L
Jolse Glyie s ainlog o Slas slo (a3l g aiily
4o ‘_S;LM.J\ sl Codguze g L;,.l.zlg.’; Ol 00ilS yes
i OVVE L0 F)aisd o ciyye aliy olox
Sl (6,3 ojlail ais gy 10 505 93l o Sles Consg
o9y (9 TSR sl xS ojlal (5
Sl ) ey 0 ,Slas slo (a3l (655 oIl slo
S5 o3l 5l (oS 5 g (oS DglaB b (a3
19l Candg .l 0058 )T (0 ol 00l LSS sla
@lize gl Jow b il -ladl glo i o
slo Jao Jold Ygoms a5 095 (oo o)z (595 03l
q

o St g ond osliinl gLl Slee Consg
b &Vl Sldail 5] crizran ol Joo 4y Ol iy
A 2alis 1 5 00y ol olipabl (605,5 slolons
bsgi ous il )| Silatnns 9zl 4 4z gi L allis
LYY JSCs) &l sos bl Ghorbel 4 Hachicha
36! anlllas ol o 45 Sl szl asliy
9 2 Jlgm ez Jobd o S

00y plowil pile - Ll piamses oS (gl anlllas .\
foc!

4z 5l g ot b3l Hlnl 63, Mlee Cundg plus ¥
§ensl o oolitiasl T (6l g S 035l oo,

Sl ouls oolawl (gglS ooly oSS ax .Y

€l oy @1, oo g5

g 4 330 5 Jne y5b & Yo ) wia b
55 oy OS] s o g Cansl o plol gio g0
Sk lol DYle 4y dnzrlye 5 g5 g Gy by G
S lp dllie j2 535 (o) o -Sonl 00 5
5 o sy i Job (tle - Ll (sl s
(S Cndg a3 (S 29y 9 gl b S
Sfdes slo a2la g (23 )5 L (G n >
(s G e s Al o a5l (G (e g adiloy


http://dx.doi.org/10.52547/ioh.18.1.249
https://ioh.iums.ac.ir/article-1-2638-en.html

[ Downloaded from ioh.iums.ac.ir on 2025-08-01 ]

[ DOI: 10.52547/i0h.18.1.249 ]

JUOS PR I P ay8las Condy

.
3t
i

alo =3 gl
3 sauld
LA
e e asls
PERERRR(Y

— sl asls elo g, wsslf ool ele Jas
e atn
= o ails
i sl s 455
sals ol g, g /-
sl ssls Szl ssls
Sz ) "; :L'_'-;‘ \_ O sl
L 55l e !
- JOpC et
wS
il Ly .
2o
IR |

U""""L" QL....?' ‘_gLQW)Q LSSLT oals 6L¢ u:"S) =35 é“;} k.iaJLQ—:.-u.a.uA g__v9>)l> Y J&w

o9 @ dlse ul 5 335 pwp 5 e 20k
U"‘ e FLY LS’S)W 4 | 00 ) JSO 4.\[5‘&.7
33 0+ b pl STROPE i S &l e slass dllie
Lol b8t ol 435 aus o S yle o (gl a5 00sy
Sudgazs g5 (oo STROBE [l ags (roizeas . Cun
5V F ) og0s (o 55 1, )1 o9y 50 o )5 9 b
b sl

sl ilhae allie AP ay 563

u.....:‘ ol d.ol)‘ \ Jﬁ"\} )Q

$olgiing Sl

wllbo solpiing 92yl ol p OVlio (o) 0
o Jos sdas 45 ams o olid SYEe bl b
OA) J& g Jo sl pivas (gl 00l &3] (54lS 00ls
5 o> i Y- /?V/ffedl ool> i g Jo> allic
G wis Sl s 5 0553 (AYYIYD ¢ g i
Sl 00l s lie 6)':"’5 Sladlas 69159)'3';9 Lg.x..s]).e

(AUY sallia A)

s$lnl e Ses Cundy wlal ) Ve @9 F S
Oy 220 oo lid padile - Ll i A o
JE 5 Jo e 50 oS 03l sl by 008
L ol odas 35 103 aS 0050 )5 cdnlive olsn g sl ool
10) aalsg s Slae sl asli g (Alae ¥7) Sins 5
Sldllae 255,05 5 o] B mlio jo. sl odg (allis
9.3 )L diej 50 45 Cawl oy ploxl (208
el 4 bg o o)lge ady g dlie ¥ plaS o Sls
(Wlie 1) oS 5 o g 5 (lia V) aielsy o Shoe slo
ol 0593

095w sl 6 °)'L’5‘ 6L‘° Py S8 0 S
@S bl 2o o LS Heilpl o Slee Cundy

AYY-YA) ol (oo ygamyS ) 5 (S i oG Al
P 65k sla Joo il 5l (o g b
sl ools g el sl cunsg olulils gly g9l oolo
el slajlre ol 2 1) Gl 3 Shes 4 by e
WS (oo e 00D yudd e 31 oS (g0l 4
2 gon polie 95l 0allS g Gy sle Joe o
OgeyS 5 Jdo 098 oo plail ol el sla gl L]
23ls o5, slp a5 el (55leT 05150 gy (o5 5
s Ohe OlEe (el sl g (Ml e 4 Su
(Il g ol (g5 Sl eslitul oy (oo S
@lo aud 8 503l 5 cele Ll (g3l Joe (e i

(YV)S (oo byt (g Ll 00150 ole
Jolis (olS ools Lol Jaw as laulcVlin gy sl
O 9 30 (@lulid (o o 9 (g9 diebo (g0 S
AV JS0) Cowl o 0038 )5 cpnd (95 00ls sl g,

Ollao ool S b,/
LSJLMJLAM 4 @LL“ SS oldlas cuas Y
P CUL«.) 49 ;;.:.:.513 )’l dl)ydl L Solesicw slollas
sl polidie 5 b Cod S g wiles (o b G s
CasS (Y)ols 8529 )5 cpl plnil g o9t
5,50 STROBE Il wlul o asllas cpl o oYlae
2 als (pl (68 S g9 0 cunl a8 )5 1,8 L)
“?)°Y"VJL“)°Q]@L@P)55°9%Y"\CJL“
ERYY W':‘T Yy 6‘)“5 )|}.3‘ Q—.’.‘ NUVOwS g_)l_‘> da)wdbu
(Olgre Jolss dllie calizen slo Cond 0 4 a5 ol
Q)‘OJJ LSA M 5 GJLJ 5&5) “_QM sd.AA.Q.c 60&.4.1?'
ff)bmbsausmwbéywbybdw‘
s oy 4 g iz wiam) Sz ot Sl
yobiio 4 g s Slallae wlul paS il snls ol



http://dx.doi.org/10.52547/ioh.18.1.249
https://ioh.iums.ac.ir/article-1-2638-en.html

[ Downloaded from ioh.iums.ac.ir on 2025-08-01 ]

[ DOI: 10.52547/i0h.18.1.249 ]

...65l5aala le.b uf‘B) bﬁ)ls u—i-uLM--u-d 290°

o3Il (AYOIOA tallie YY) Soid sl s 5 o5l

o3l (ZNYTA0 callin VY) (Su5sdsn b - Sy, 55
(4 ¥TF callia ¥) sy o Sloe sl jasls 5,5

i1y 6 5V s (S il )y 4 bogy o sl Joe
sl Jow joails o Slae sy sl ojer plu @
ol 6 05 o5l sl g, 5l ool s 5 i

Soilotn ozl Gillae SV mj95 ) Jous

, sl Jue . , Sl et
Fe) 95 oals sla g, S5 ol g, 5,Skas Capndsy ,
(556 oals u-‘-“"-" —QL...J
Bao-Cai Yin ¥- -4 S gl
(fY) PO, ey
T w09) O )90
ian- ievy- Cewgolo]
Jian-Feng Xie v-\Y sl ) s ail 5wl oo
fY) Oeiile (amgalo] - ’
Eyosiyas Tadesse — Je «olaidy jlop *
YN F (FF) oS e olecy
| oL 0% Sh) iz
o
Reinier C. Coetzer G ¢ 0,8 ol e
awglol bty gan 4kl
Y-\ (FO) : b s
& S : 5 o;luil
’ ’ (o S0 yo x> 05
(o) S
Mandalapu Sarada oy Cyeedile
Devi Y- -A (f%) obasidy
G Al
Tayyaba azim Y- -4 o oele _
(fv) 63 ey oles é 29 o}w
G5 e e Joe ojled S5 5
Huabiao Qin Y- \v TR (oS
(fA) Peilin Lan L
2 . . S .
Y.-Y (f2), Qiang Ji e e J o
YooF00) .. 9 Jo ol
S 4 o (o)) i
L. M. Kingy- -#
Mahesh M.
Bundele Y- -4 (oY) o oeile o aib
Mervyn. Yeo v- -4 oty
o, o315 sl 2SI
Gang Li y-\v (o) Moy oyedile oS5 503,55 xSl
iy (315 geng Sl
Saroj Lal v--v (SIS sSTe SISl xS o3l
©b), Issey oS el Sels
HURCESE g - g . .
Takahashiy - 1) NN 05 e FrogeS| gy
©%) ol
Zhiwei Zhu Y- - ¥ .
oY) S O
Mitesh Patel v+ 1) s i
(OA) )
Rami Khushaba "
o5
Yeye (09)
1" Iran Occupational Health. 2021 (01 Sep);18: 17.



http://dx.doi.org/10.52547/ioh.18.1.249
https://ioh.iums.ac.ir/article-1-2638-en.html

[ Downloaded from ioh.iums.ac.ir on 2025-08-01 ]

[ DOI: 10.52547/i0h.18.1.249 ]

Gen g Ldolo sy

Selotis w92 )l illae SYlie x5565 ) Jgus aolol

& sle b, sle Jow S5 ol o, D o
©9l5 oals 695 ools
el S )0
Youngjae Kim 3
Yook ) ) o ik
Esra Vural .UW’S) L 3 S oSl PRI TRt
Yoov,veea gy OetleSeenseiRaRE L a0l L
_ g o Sles sl
Y bt Hlo 0%
Wang Rang- R
beny--v (¢¢v)
Xiao Fan y.-A PSP
%), Ping
Wang Ye\Y Cawy'loj
(#0), Xiao-qing i
Luo Y-\Y (%) et
Chao Sun Y- \f W e
. Cw}gb 9 S
¢Y) Madhuri R. (sl
R 5
Tayade v\ ¥ aw aib ’
15 cpeisle Sl
Plad S ol
M)
Rajinda
Senaratney- - v
o opmle i 90T
¢V 638 bty i he)
. S o) &L\
Jian-Da Wu ) = _ e -
Yoo A (V) s S o2l . s S
EINEEE JO
A. M. Bagci ol Joe (Covsy
Yo f (YY) oS b
Shuyan Hu oy ol
Voo obuiy 4
Thomas Brandt o
Yoo ¥ (YY) PPN TIPSR
o 5 piar
IRVIPESS &L)
co0,S oS
. JERT PR
Shanshan Jin il M”ﬁ o iz 2,
YooV (V) ras S oo 09,5 by
sl S
Sy e Ses e
oles
Ralph Oyini | "
2Oy G . .
Mbouna Y- Y e Go dibs o gl g e
Iran Occupational Health. 2021 (01 Sep);18: 17. ¥



http://dx.doi.org/10.52547/ioh.18.1.249
https://ioh.iums.ac.ir/article-1-2638-en.html

[ Downloaded from ioh.iums.ac.ir on 2025-08-01 ]

[ DOI: 10.52547/i0h.18.1.249 ]

...65l5aala 6[.9 uf‘B) bﬁ)ls u—i-ul-ﬁ-ﬂ-w 290°

Slotrs ooz le Gille SVe @598 ) Jgur 4l

' sl b, sle Joe 5 el s Coxds i
°
&= S ol RPN R 5 Slae :
Boon-Giin Lee ) . sl i 5 pic
Y 05 S 4 @ dib J, e
S o5 o) S
b (Fhs 0o, S
I e
«yom s «Sadye
: S el . -
Guosheng Yang (81,5 gug Sl :_z’: 6’5 O‘) *
. S 45d O e 2599252 5195 9
ARARNAAY 35 sl 2SI
Codlad ¢ 31,550,159 2SI
(Cwgy So S
18 5 peiolo
Yulan Liangy- -V ’ )J o
_~ S oleidy = e i 5>
S
Afizan Azman ) ' A Sod (555 o3l
i 1 .. (S . e .
Matti Kutila v- -v oy u.-.w'.a odis b UQJS o 9y S
) Olbaie o
. o3 5 iy 2SI
Haihong Zhang o9 S . L;‘l e 1SSl
YY) 037 9 5925575 LSy xS el
Sy si;,&ll Codlad u,S-'}' "
Masahiro Miyaji . B ’
Yere () Cewglo] o aib
. NS SO .
Masahiro Miyaji = (wdle cewgilol 9y St < )‘ G‘fj " & noly i g Jo
W Yy 03130
YooA AY) ey oy o R S (o)
Sslsed Sl s
. S 4
Yulan Liang )
YooV (v0) o ele
Ol . ol g cepm Sile Sl (655 o5l
Fabio Tango v- -4 oSl aiby o Sles slo
AP (amac A
38
| oS 5
Yilu Zhang v- - ¥ ’ ’ 5 oy
paemal S50 . e . 9 G 0
(%) — G aib Sl 2SI e e
5 Sl
Sy
Patrick L. Craven =~ s=ac <+
Yeof (AD)
Masahiro Miyaji I o
4 e 3,5 il =S
A7) Y-+ Cewgalol . _
Erin T o aib Sem SSlede Gy 6 ol PSP
s d 5 . Pl
Solovey Y- \¥ 5 Cowgy (S Colan Sealssed
L‘S_-..AC 4&»» o
AY) g S 550,59 2l
OFP )
Amir Tjolleng
Y-V (AA .
(AN s 45

Y

Iran Occupational Health. 2021 (01 Sep);18: 17.


http://dx.doi.org/10.52547/ioh.18.1.249
https://ioh.iums.ac.ir/article-1-2638-en.html

[ Downloaded from ioh.iums.ac.ir on 2025-08-01 ]

[ DOI: 10.52547/i0h.18.1.249 ]

Soilotis w92l illae SYlie 23565 ) Jgos aolol

Gen g Ldolo sy

sle ) sl oo - . . e
o] 6)‘5 o}‘d}l b9y J)SLA.C Coxog
©9l5 eals ©9lS eals
WO y90 OlS >
L by g miz ojlil gl (S S
Wenhui Liao ) ) ° . . o GMS - .
Yood A S Ao o Cem el s Sl g Kb st ik
S el S99 50
g
.. CaE p ésﬁl _
Jasper Wijnands =~ _oac a5 2L 6 15 o3l
- 0 . a8 alS J,Slo.c > L
o o=l g o . ChalC
YA @) ailsg o Sles o
CA.C}») S
St 4D
Haisong Gu
Yoof @) L
Mehrdad Sabet  usle ccamgdel  C .
9 S
Y-\Y AY) iy oy s S e Jo s
: 9 itz D6 > e S ..
,, o 55 ol i s
Mohamad e (oassl,)
Hoseyn Sigari St = e
Y..q@Y)
Mauricio Mufioz ks Je ' 9 Sn oy
@A) Y15 S e o sSkee slo asls
Gordon 3 Sy e .
Rumschlag ¥-15 0% — Ll als AL 65 o5l 5 ole>
@) FHIReES o aa by o Sl sl o ,Sles o azls
Willem B. 2 Uyl o3Il 5l oS
Verwey 1444 Ry s o (SRS (S b S &L (S
5] e o sy s8I g AIF sl alh g (s
Delphine Dubart 3t Sl g als s Shee glo asls o, Shes
@AY) Y- ¥ e s
g > 29
Glenn R Wilson =~ (oees 4 o215 Jlansly 2SI
YooY QA) o el RE R Sloy S o3l 0 5 L
Ma;nni H:imula (a4 REK AR AN Szt
oA Q%) g5
OF S )
Torres-Salomao ) .
YNE (Vo) oyl g (568 Ja> i
id Gi S5 s o 5551 :
David Gianazza 3] f“ s el 6 ol Ll i
AEAENCERD] (emac 4l e owliél g rals )
aibsy o Shee slo Jss
Andreas PPN UL VSRS Sl
Gregoriades S A i
YoeAQ)eY) T silee glo pasls (e
Antoine Clarion
Yeeq (YY) N e |
Guangfan Zhang nis il S 5yl Slyy xS ol
.l v ‘; 0“':1) a4 RERAR{NE S3els it
enn F. Wilson
YooY (VP
Iran Occupational Health. 2021 (01 Sep);18: 17. ¥



http://dx.doi.org/10.52547/ioh.18.1.249
https://ioh.iums.ac.ir/article-1-2638-en.html

[ Downloaded from ioh.iums.ac.ir on 2025-08-01 ]

[ DOI: 10.52547/i0h.18.1.249 ]

...65l5aala le.b uf‘B) bﬁ)ls u—i-uLM--u-d 290°

Selotis w92 )l illae SYlie x5565 ) Jgus aolol

b o Jow
e i o &S ol b, 08 los Lunds o
&9l eols &9l ools
o3 Ty S
Zhang Yin oy oile S 50)5s S]]
Y F QO ~a.) ey st S SPsSle xSy Slay xS o;.‘&'
Zhang Yin oS el PSSP
YA (V-5) .
Raofen 8,5 gllanily yisJl s
Wang Y- \Y 1 I K S| i
S =) @‘5) 6):5 c)'L).S‘
AR%) . s 555 P
Cannon, e 238l pals i
o=lPl g e K > 2L
Jordan v-\Y OgesS . i
et adied 4l
0 e
Jianhua
Zhang Y- -V 3t
0N JTI
Jian-Hua i pssdl s 91 J&
Zhang Y- - A S s 5hes ol sl Jrss
(¥o) Sl
Xia, Jiajun 38 (92
YN0 (V-9)
Zhang, Jian- sk
Hua v-\v (S5 lasly xSl
(%) s ' (SlER)SesIl Jlgy 605 ol
Ching-Hua oS el ST
Ting v- -9 emas aSih Sy
)
Raofen Jor il
Wang v-\¢ Ol
(D]
Zhong Yin Mo oeile
Y 2 (VYY) Al ool
James C. el
Christensen
Y-AY (VYY)
Chong e R )
Zhang Y- -9 lop ile :
g MR o= = il Fsllisly 2SI
am oluty i .
: PPN e
Lan-lan R
) 9
Chen y-10 FUPUR JUESN NP
YY)

10

Iran Occupational Health. 2021 (01 Sep);18: 17.


http://dx.doi.org/10.52547/ioh.18.1.249
https://ioh.iums.ac.ir/article-1-2638-en.html

[ Downloaded from ioh.iums.ac.ir on 2025-08-01 ]

[ DOI: 10.52547/i0h.18.1.249 ]

Sl o)l Bllae SYlie x565 ) Jgos aolol

Gen 5 ldslo as e

sle by, sle Joe @l plas
- $ ojlasl % S Slae S
& &3S osls &9l5 ool S5 o5 s s Oeiile oLl
. 1,5 Il xSl
Frangois o oile “59";/9] ;ﬁ‘ Say Gy oyl
. e T TIEEE . e -
Laurent v-\Y iy GaL aibs o g ’ Seislsed <
) S5 sy sl
B.S. Moon s
YoV (VYFP)
Rouja Nikolova g5 ) (S lanily usIl JSls, (5,5 o5l )
Yoo (1Y) §oiy aib i . ) . 2 65k
av, Sl e85 S5
Yufeng Ke oy edle
Y (1A et
O
> B .
s (s SRC g g 9 selp
Hwang, Sheue- . 5 ol ey sl ails 6, ol axls 2590
Ling v--A(ty) < o 2 il 5 ainly o Slos 5 Slas
Sy ole
NI
EES P ol (oS 5 .
. L < PRECRRTLSt
Hwang, Sheue- 5 ‘ 9 LRalS e sle jarls 5.5 il
Ling Y- -3 (Yf) < e o iyl 5 by 5 Slec ‘sé =
das &5 ey PSRty ’
Ay oo

-“‘w/j)‘)gé‘*”.él"“)
bl sl eolaiul 850 (55l 0ols Lol sla oy ;6!
b9y o3l oo 7 JSE el gl pl o Ses Sl
s 85 o (AYFIVE 1l YY) (yleiy s e
Joe Lo, 1 osliiul o i (AYF/FY tallia¥ ) )
leols lis ag 5l Hgilplo Slae consg ob 55l sl
V) Casgalol LAY/ tallin 10) (g5 Jore (ymizean
Sz NYIA0 :allie V) gnms S, (AVONY callie
(AANE i V) goanas S50 AV VIV i V)
S5y w55 5 LAY sallie ) G Lo oylety Jono

RUPLER SN[ SPNUIP PRSI VA VA SR F o'

oy 11V S o jLacl Jlo 4 az g b Y lae a 595
&9[5 oalo Lng Q:’j) b).g)ls L) Jaj.g).n UYLM w‘

Wy, gl Ve 1293 Jlo 5l g1l o Slas (6l
olawi s yidon Ve o Q0 Jlo 10 a5 job @ 00gy ool 38l

oo AYIYY callin ¥) oS 5 65 o3l slo 3s,
5 S5 e el sl o 68 ol 5,105 il
e ¥ Jold (0528 6 55 o3l slo gy Sjg0 @
25 03l e a3l 5~ s 655 o3lasl 5 (¥/¥9)
Lg)"f o)‘..b‘ 'Lgl.b wg) 9 4.9.«.’05 OJS.LQ.C Lgl.b ua.’>LMJ
ool 03y (AYIYY) alin ¥ slows alaS 2 oS 5
Ot SRS tSlay x5 oslul sla b,
i VW5 cus 5 ) Wl atsls aidsg o Shee sl
Gy oS 5 o yal )l o Ll (AVONY 471 - /$5
Oy (59 5D L;',; ol slo g, 5l 0, Sles

(L1590 :allin F) ol oy oolitu
Olaie 4 gui dads 020 oo lid oo &Il sl Jow
(lio FY) 00u0 5 ascice (55l 00ls Jdo 1y 530,05
2 (W Y) o5 ools sla Jow 1 oS 5 i g

\#



http://dx.doi.org/10.52547/ioh.18.1.249
https://ioh.iums.ac.ir/article-1-2638-en.html

[ Downloaded from ioh.iums.ac.ir on 2025-08-01 ]

[ DOI: 10.52547/i0h.18.1.249 ]

w59l 0ols sl g, 0 0I5 Silatw j950

\
v
o
A
Yo B s
33 .6;3:.5 6)15)14
> Y
) Vo B on ol
Vo
o Slae (slo Lasls
Ve \ B Sy syl

[ [
S ¥ v
I ‘ . I L mme
loslr J5 5 Joor a9 JB 5 Joo oo (580555 5 (S02] 5

ot S50 aile — Ll gl s 5 il 5 Shos Camdy sl bl s Ve auge8 F JSCE

Yo
Yy
'K
0 B (S8 = Sly) 5.5 o3l
\Y
B S5 55 o
\e T o Sles slo azls (5,5 ojlusl
oS Dglad (6.5 o5l

B oS5 65 ol slo s

o A v
1.
‘ I||I|| I. I N

Srol el s els sl

o8lee 55

S5l 0 8es Cuxdy (58 o3l sla B, bl p SYEe mjes O JSCB

va YEIVE
LYEEY
¥
LAYIFE
o many
LA LAviva
Y.
LA
o.m
b AGR
3 B
i o ¥ LY : s v »
3 s ¥4 2 7wt &
Y f < 5 {f oo &73

Ve 7’
J

G385 oals sl g, 9,15 ulul 5 Y a9 7 S

W Iran Occupational Health. 2021 (01 Sep);18: 17.



http://dx.doi.org/10.52547/ioh.18.1.249
https://ioh.iums.ac.ir/article-1-2638-en.html

[ Downloaded from ioh.iums.ac.ir on 2025-08-01 ]

[ DOI: 10.52547/i0h.18.1.249 ]

\F VE
VF
Y
P
EN
i
€
v
/ ~ ~ * » * ~ » » ~ » »
?s . / /
P Y R T ) ’
el Jo
Slasl Jlo Gelal @Yl &y 565 .V SO0
Yo

allis sloas
— — -t
. I . IS .
LS —

\'\i"

s3=S pl

1925 b Goll y Ve 395 A U5

Foeq Jlo 5l e el oalls it 059> (ol o allas

Gen g Ldolo sy

sla Jaw g 55100 Slee Condy ol p Ve 595 T Jgu

el a8, ol Lo ol b dslie o SLail )l S5l el
i slass G5 oals o Jaw  gilpl o Sles Consg
ouls plxl Glllas ST ¢ gy 050 OYlae (5 W 2 O .
Qb o (e 9 0 el oaoie YL sla 0 au bogs e Y 0365
o528 53 55 c¥lie plo (Wi YN 5 TY Cos 5 a) ! s“i;
o bl 0 50,5 o LeadSl Ll ales 51 ilies : S .
sl 0058 5 jaseio A S j0 4 o] e n ol
| O,
K G 4kl ,
ey ¥ L 3 s,0L
S eSS lets (55900 adlllan yo 5l coge i I G dib .
a Joed B Sl wszlz b gie asgome 'y e 28 sl
3,90 055> ;o 0ad ploul Glalllas iy colil jshate Y e dib
S35 0ol sl (g, 9,28 Cual a4z STall o0 L o S w5 5 sl sl
Lol el ool azslis )54‘)4‘ Q)S.Lo.c mg 034> O \ R
3,50 Sl by, gl 390 b o9 Sl el L) A S S
Iran Occupational Health. 2021 (01 Sep);18: 17. A



http://dx.doi.org/10.52547/ioh.18.1.249
https://ioh.iums.ac.ir/article-1-2638-en.html

[ Downloaded from ioh.iums.ac.ir on 2025-08-01 ]

[ DOI: 10.52547/i0h.18.1.249 ]

w59l 0ols sl g, 0 0I5 Silatw j950

Sy yuutd 0 o0liuwl 0590 (59l ools sla ST

O 9 (G aubs sla Jaw aS ol ylis il ol o Sles
oo (0 )8 Olgie 4 00isS fon i sl Joe
Wujm éélg)a..\.;..zle‘sn&wl]mwl)om
oo;ww@;&l% Sl 0 o lo S S
argi b Sz ol 4 8 5l G GlpS el U
b Souzmn cnla by e valed anled &5 lie at)
sla sl OETed § 0393 o § Sgdeo Oygo A el
Cole musgs oUlgs o G)LJ s Jow wile Lo
Sl piac JL8, 100,95 5b g (s e Dl il
Cudgisne u.,.wl.c -QL...E‘ LgL:Ls ROWIOW asle o
29> a1y edizmy blae (pl a5 09l plodl olo Ja
aSol W axg b opisen (OYY VYol oo
s Gk jlealsS (i s o aib s Joe
g S g 9 S S S Glan (el 95l 5l L3,
o2l 3 (oauzmy i SG lare @) 1) Ll o See
Sl 5l g0 oz b Jow ol YL 0,5 S oo
A e § Ol 10 1 uile gy (Bl 5l
0390 3,8 oy yidon shls e Jow plo o 3l s
9y ple ar S placiiy o il o y¢3J1 ol
5..\.&:.5(5443\)6)3 @joémwgb‘b‘w‘sb
oo B eslatul 550 (gu aids bl 31 (5 L (62
Sgg0 sl el )b sams o 4 pisen (VYY) 5
o bilyy Sz oglnl o See Cunsg cou o
Sl coasS alslae Ll sle ol )b 0924 g LasQT
oo bilyy e 2Ll Hebie 4 cnlie g, SO
1 0,5 )18 a9 9590 380 j5b 4y ol dgio
s smas 4 g8l il et 8 baly sl oolatl
dral> axgi 3l ldle jo g Cawl ol Aoyl Ao
G@Mélsjo.wloo}fgﬁbo?@b@c
oz b pe by, asis oy YL LUl
OYF ATVl 1) Jiiae 5 aily ol ol )b s
u_ia.w% d)l-‘" C;La uf’ﬁ) .’a.....:s.v <_f,‘)‘L..MJ..\do Ore
om bls,y g hr dex 5l ols Cusgase o

O @s oo Llo dallas il jlg SLsSS e e

9

3,90 6l yiol )b piman g 0o &Sl gl Jowe coslasl
AS oyl axlllas el osis bl Lo Jos ;5 oslizd
035> 5 S e3ld sl By, 9 p)l5 4 by e allie
YOAE VAR glo Jlo |y ol 0,Shas Condy
ool ol dlie ax SToaws (o )18 b)) 9590
B i ol )i 1, 035 al 53 ) Conmalr
ploul a1 atdS o oad plxl Sladllas 5l (Joud
agled oo 481, ayaz Slalllas

2 259 elem Gl s s sl el a5 L
S s 4 Gliioe a2 g5 (p iy alllas cpl o
35 05 (Vs 24 1Y) Cal 039y Bghane S5 5 o>
Lol o) Ji g Jo> o pnns p DS iy
g o s (| J 7S50 Ll (6595 25 e
ols> 59y 5o Sl sl Zueal 5 Sols> YL
Sl i jo Oliaod yiioy pizred  Ceils abogy o
5 S p eSS a2l g slesl> Ji g Joo
olawi aS” Jl> jo il oo 55 yedo 8 ,Sles sl 2L
Bk 9 Gn e a4 oad dlil gla Jow 5l 5 S
o Ll YL Comnl @ az g LI el asls,, 0
Sl bl (o) 2 e 50 yilon Sliiod «Bolg> 59
bl ogh (oo loidn (3 By (S n >
03 oo 55 (5 S U Slolllae 3525 4 425
Ol 0,Shos (18 Coanl oizman 5 gunl B ilio s
drwgd g 5 00 nS Sldllas plxil do w0l o
g 0. 08b oo Comad] Pl ool &3l sla Joe i
"SI 8 5 (Seid 65 ojlul sl o 5l e Jus
1 b ey ol s 951,15 45" el oo ooliczaol Jls,
Joe @bl azes )5 9 YL Coles Lo @ ly oo
Oh9y Oz (MY cadily iy Cdo b ol
elbin dingy Jolsh 15 (5505 o3Il (6l 5550 slo
Sl (Sdemn Jo 4 J (e po Ll asil (s
9 25,0 5k 55 6Vl Sldes 4 5 (8 Ol &
3] s e Y s (6l (5525 051 0 ol S
Gh9y ple e 0 p)l5 000 5 08 ollad ol Pl
L u‘ﬁ’ = |) L§Bl5 oolo sl J..\.a ) 6)-::5 o)"..\J‘ LgUb
L g sl codlad jo alloe o555 o5l (g)le00 Jodo
Dl Cais i by 2o

A Lo 85 slasSl g 2ol oloul s 5lS ools Lol Bun
e o (651 paz (o o0l 31 M 2]l Ly
sl JLoo as yudazes B 00y s )5 o dllucs ol 0l
393 y1i 550 Al S (sl Joo 025 92, 5 0
Elgl oyt ol 5yl dalllae o (VY +)azil


http://dx.doi.org/10.52547/ioh.18.1.249
https://ioh.iums.ac.ir/article-1-2638-en.html

[ Downloaded from ioh.iums.ac.ir on 2025-08-01 ]

[ DOI: 10.52547/i0h.18.1.249 ]

sy S Sy i lly Sae o 4
25 0,8 kee 380 0 5 Jlail (60 Shae sl ai
Jolas (S )LSs crge o] 2 5138 1306 Ll a5
sly izt slo Joo 358 (oo Gedler sl s
5,503, 45 el 00 @) il 5 Slae Candg )
5 bt by (Soom o e Joo ol B
bl ys 5o 5l plo Shoe ali sl daly 51 5155 2alS
b Jow 0,0,5 10 Coeal Sl asS el Sl e
L el Jow aS,ebas sl oyl o i o
s5nl o Ses ) 65 BB (ol alf s YL 280
e 53,5 (o0 it Condy 4 Slited GGl
5 i Ll S Sl i Sl b Joe )
65[5 odly sl o9y )‘ )...>| sl JL..; o ...\.E)b Q‘).g)lf
"ot Sl g 53 gl nl 0 Shee (g5l Joe 1
Oeile gy oS Cawl oals oolaiwl glgl 3 4 piile
o Jae ol G 5l (s A0S G 9 Ol Hlo
3 aS Cewl o3¥ cplply &l oogs 0 9,157 o s (sllo
Obsy 3 pIAS e @l 5 (oLl (quy 4 oty T ol
O gl 4.._>-\.>).’ 5 039> u;‘ 5o IVEN 6915 ool sla
03ls (g Slo Joe 5l (ral (Sl (IS ek 4
o 5 5951l 0 Slas Condg i jslaie 4y (g5
bl loygsth alolis 5 oile -oludl la
walize DYlae o QT S S o3l sl g, 9 0,Slas
plil g aiey opl o Sladss Sl olulis o
sy 90 § (s Sz 50 00 Olidss
A dalgs Ll o Sles

&b

1.Ghaneh S, Lefti A. Occupational ergonomics, Principles
and applications. Tehran: Fadak isatis. (Persian).

2.Golmohammadi R, Motamedzade M, Mahdavi N. Oc-
cupational Ergonomics. Hamedan: Daneshjoo; 2017.
(Persian).

3.Wang R, Zhang Y, Zhang L. An adaptive neural network
approach for operator functional state prediction using
psychophysiological data. Integrated Computer-Aided
Engineering. 2016;23(1):81-97.

4.Hockey GRJ. Operator functional state: the assessment
and prediction of human performance degradation in
complex tasks: IOS Press; 2003.

5.Papantoniou P, Papadimitriou E, Yannis G. Review of
driving performance parameters critical for distracted

driving research. Transportation research procedia.

Gen 5 ldslo as e

Goldae il g wiily s0 0,08 g b o gl 0,8
Slawd oY ulple -0l 1) odizey (o s Ly,
U og0s colaiwl segian smac aSil aiile gla g,
4 oladl o Slee g5ldan ;o (550 slo Codgama b
(VYO ol agrlye ooz (ad ol s G g
1y osliiwl o a8 S35 o oSl by 500 S5k S
Yo 5l plaS g jo g ails Jlai oje0 sla Jow oy
S8des 2by)l sln 2l 4 Gho) nl 3l 0t (o)
6B g,y ol ped a1y T aSl el oais soliiw! yLud!
9dwwbwb‘fw‘oéf)&;wasdiwb
emas Al oS 5 sl Juw aS W )8 lo o)
Sls emac a0l o Jow 4y Coend S5 0,530
Jae YL ollg as Jdo cpl 4 wasdl oo 5,50
6]45 e sle s, gildae sl y s S sle
Oygai] e )0 godg b osls 5l pe polas jpas o
YR el walyss oYU oS cnas 4l SESS
smas aSD ol pen 4y Sy 0,981 5l eslaal 1Y
40308 =) olpinn ol pl o Slee (g3ludon Cy
Joo Sl o) K g Jin dsllae jo L)) ren
o ssbie &y Sis o )5l g pras aSD (oS
o sl 6,5 ojlasl sleslainl b (B al, s
(V) sl oo oolaznl oo § i SIS 1> Jolis
Gl eols g, G5l s i Slallae 5l golass o
4 Y 00 )Lig )9;‘):‘ b)ﬂo.c w.bos ‘:L)))‘ (5‘)‘. ‘)
o a5l lojen o, Sen 4 Coetzer ( Jlo lgie
ooliwl K gl 4 bae sondab Joo
Ceolo g wyloi 5ol ¢ Miyaji L(Y0)aisges
e e O S Joe dlil cea iy oy
5 Tango aslllas .(AY)ail 00 )5 oolaiwl gy (wle> il
g |y o Sos 2 G ools> bl S50 o) Ses
(ATl 00503 o3l (omae S 5 (550 sl (g,
YL sloyguS as ols lid OV e gwyp puicmen
oolaw! alivs EY 6‘ 09 498 > g lS.:).aT oot
Sl asls sl o Sae gy Cpz s9lS ool
20,5 odalin oSl SYle slass olnl e Ll
‘JL5J0>6LQW)QQQ|?)&T@Q93L
ol €585 50 Ol o Slas G185 5 gal b g 55
oolazwl b 5 ol o b sl p3¥ dAYO-VYY) Eole>
o alitee Jolse i (golS 0ols sl Jow g SLiST ]
Sz len B oS )8 gw) 9550 Gl 0 ,Shes
Dgas pladl Wolgs S a4y Cud diedun



http://dx.doi.org/10.52547/ioh.18.1.249
https://ioh.iums.ac.ir/article-1-2638-en.html

[ Downloaded from ioh.iums.ac.ir on 2025-08-01 ]

[ DOI: 10.52547/i0h.18.1.249 ]

...6515001.) L5L° uf‘% bﬁ)ls ~—§-A-'L°----~J 290°

review of recent progress. Multiple-task performance.
1991:279-328.

21.Clarion A, Ramon C, Petit C, Dittmar A, Bourgeay
J, Guillot A, et al. An integrated device to evaluate a
driver’s functional state. Behavior research methods.
2009;41(3):882-8.

22.Friswell R, Williamson A. Comparison of the fatigue ex-
periences of short haul light and long distance heavy ve-
hicle drivers. Safety science. 2013;57:203-13.

23.Wilson GE Russell CA. Performance enhancement in
an uninhabited air vehicle task using psychophysi-
ologically determined adaptive aiding. Human factors.
2007;49(6):1005-18.

24.Hwang S-L, Liang G-FE Lin J-T, Yau Y-], Yenn T-C, Hsu
C-C, et al. A real-time warning model for teamwork
performance and system safety in nuclear power plants.
Safety science. 2009;47(3):425-35.

25.Liang Y, Lee JD, Reyes ML. Nonintrusive detection
of driver cognitive distraction in real time using
Bayesian networks. Transportation research record.
2007;2018(1):1-8.

26. Sadeghian M. Investigating cognitive performance un-
der different Annoyance and mental workloadusing
artificial neural network. PhD thesis. Shahid Beheshti
University of Medical Sciences, School of Public Health
and Safety; 2019. (Persian).

27.Nisbet R, Elder J, Miner G. Handbook of statistical analy-
sis and data mining applications: Academic Press; 2009.

28.Kiymik MK, Akin M, Subasi A. Automatic recognition
of alertness level by using wavelet transform and artifi-
cial neural network. Journal of neuroscience methods.
2004;139(2):231-40.

29.Yildiz A, Akin M, Poyraz M, Kirbas G. Application of
adaptive neuro-fuzzy inference system for vigilance level
estimation by using wavelet-entropy feature extraction.
Expert Systems with Applications. 2009;36(4):7390-9.

30.Akin M, Kurt MB, Sezgin N, Bayram M. Estimating vigi-
lance level by using EEG and EMG signals. Neural Com-
puting and Applications. 2008;17(3):227-36.

31.Schmidt EA, Schrauf M, Simon M, Fritzsche M, Buchner
A, Kincses WE. Drivers’ misjudgement of vigilance state
during prolonged monotonous daytime driving. Acci-
dent Analysis & Prevention. 2009;41(5):1087-93.

32.Subasi A. Automatic recognition of alertness level from
EEG by using neural network and wavelet coefficients.
Expert systems with applications. 2005;28(4):701-11.

33.Kaber DB, Endsley MR. Out-of-the-loop performance
problems and the use of intermediate levels of automa-
tion for improved control system functioning and safety.
Process Safety Progress. 1997;16(3):126-31.

34.Kaber DB, Perry CM, Segall N, McClernon CK, Prin-
zel III LJ. Situation awareness implications of adaptive

\Al

2017;25:1796-805.

6.Gagnon J-E, Gagnon O, Lafond D, Parent M, Tremblay S,
editors. A Systematic Assessment of Operational Metrics
for Modeling Operator Functional State. PhyCS; 2016.

7.DiDomenico A, Nussbaum MA. Interactive effects of
physical and mental workload on subjective workload
assessment. International journal of industrial ergo-
nomics. 2008;38(11-12):977-83.

8.Teh E, Jamson S, Carsten O, Jamson H. Temporal fluctua-
tions in driving demand: The effect of traffic complexity
on subjective measures of workload and driving perfor-
mance. Transportation research part F: traffic psychol-
ogy and behaviour. 2014;22:207-17.

9.DiDomenico A, Nussbaum MA. Effects of different physi-
cal workload parameters on mental workload and per-
formance. International Journal of Industrial Ergonom-
ics. 2011;41(3):255-60.

10.Stanton NA, Hedge A, Brookhuis K, Salas E, Hendrick
HW. Handbook of human factors and ergonomics
methods: CRC press; 2004.

11.Sterman M, Mann C. Concepts and applications of EEG
analysis in aviation performance evaluation. Biological
psychology. 1995;40(1-2):115-30.

12.Ryu K, Myung R. Evaluation of mental workload with
a combined measure based on physiological indices
during a dual task of tracking and mental arithme-
tic. International Journal of Industrial Ergonomics.
2005;35(11):991-1009.

13. Patka S, Khatib M.S, Kelwade K. Recent Trends and Rap-
id Development of Applications In Data Mining. IOSR
Journal of Computer Science. 2014:73-8.

14.Papantoniou P. Risk factors, driver behaviour and acci-
dent probability. The case of distracted driving: National
Technical University of Athens; 2015.

15.Scerbo MW, Parasuraman R, Mouloua M. Theoretical
perspectives on adaptive automation. 1996.

16.Byrne EA, Parasuraman R. Psychophysiology and adap-
tive automation. Biological psychology. 1996;42(3):249-
68.

17.Wickens CD, Hollands JG, Banbury S, Parasuraman R.
Engineering psychology and human performance: Psy-
chology Press; 2015.

18.Cannon JA, Krokhmal PA, Lenth RV, Murphey R. An
algorithm for online detection of temporal changes in
operator cognitive state using real-time psychophysio-
logical data. Biomedical Signal Processing and Control.
2010;5(3):229-36.

19.Cannon J, Krokhmal PA, Chen Y, Murphey R. Detection
of temporal changes in psychophysiological data using
statistical process control methods. Computer methods
and programs in biomedicine. 2012;107(3):367-81.

20.Kramer AF Physiological metrics of mental workload: A


http://dx.doi.org/10.52547/ioh.18.1.249
https://ioh.iums.ac.ir/article-1-2638-en.html

[ Downloaded from ioh.iums.ac.ir on 2025-08-01 ]

[ DOI: 10.52547/i0h.18.1.249 ]

47.Azim T, Jaffar MA, Mirza AM, editors. Automatic fa-
tigue detection of drivers through pupil detection and
yawning analysis. 2009 Fourth International Conference
on Innovative Computing, Information and Control
(ICICIC); 2009: IEEE.(Persian).

48.Qin H, Liu J, Hong T, editors. An eye state identification
method based on the Embedded Hidden Markov Mod-
el. 2012 IEEE International Conference on Vehicular
Electronics and Safety (ICVES 2012); 2012: IEEE.

49.Lan P, Ji Q, Looney CG, editors. Information fusion with
Bayesian networks for monitoring human fatigue. Pro-
ceedings of the Fifth International Conference on Infor-
mation Fusion FUSION 2002(IEEE Cat No 02EX5997);
2002: IEEE.

50.Ji Q, Zhu Z, Lan P. Real-time nonintrusive monitoring
and prediction of driver fatigue. IEEE transactions on
vehicular technology. 2004;53(4):1052-68.

51.King L, Nguyen HT, Lal S, editors. Early driver fatigue
detection from electroencephalography signals using
artificial neural networks. 2006 International Confer-
ence of the IEEE Engineering in Medicine and Biology
Society; 2006: IEEE.

52.Bundele MM, Banerjee R, editors. Detection of fatigue of
vehicular driver using skin conductance and oximetry
pulse: a neural network approach. Proceedings of the
11th International Conference on Information Integra-
tion and web-based applications & services; 2009: ACM.

53.Yeo MV, Li X, Shen K, Wilder-Smith EP. Can SVM be
used for automatic EEG detection of drowsiness during
car driving? Safety Science. 2009;47(1):115-24.

54.Li G, Chung W-Y. Detection of driver drowsiness using
wavelet analysis of heart rate variability and a support
vector machine classifier. Sensors. 2013;13(12):16494-
511.

55.Lal SK, Craig A. Driver fatigue: electroencephalog-
raphy and psychological assessment.Psychophysiol-
0gy.2002;39(3):313-21.

56.Takahashi I, Yokoyama K, editors. Development of a
feedback stimulation for drowsy driver using heartbeat
rhythms. 2011 Annual International Conference of the
IEEE Engineering in Medicine and Biology Society;
2011: IEEE.

57.Zhu Z, Ji Q, editors. Real time and non-intrusive driver
fatigue monitoring. Proceedings The 7th International
IEEE Conference on Intelligent Transportation Systems
(IEEE Cat No 04TH8749); 2004: IEEE.

58.Patel M, Lal SK, Kavanagh D, Rossiter P. Applying neu-
ral network analysis on heart rate variability data to as-
sess driver fatigue. Expert systems with Applications.
2011;38(6):7235-42.

59.Khushaba RN, Kodagoda S, Lal S, Dissanayake G. Driver
drowsiness classification using fuzzy wavelet-packet-

Gen 5 ldslo as e

automation for information processing in an air traffic
control-related task. International Journal of Industrial
Ergonomics. 2006;36(5):447-62.

35.Zhang J-H, Wang X-Y, Mahfouf M, Linkens DA, editors.
Fuzzy logic based identification of operator functional
states using multiple physiological and performance
measures. 2008 International Conference on BioMedi-
cal Engineering and Informatics; 2008: IEEE.

36.Zhang J-H, Xia J-], Garibaldi JM, Groumpos PP, Wang
R-B. Modeling and control of operator functional state
in a unified framework of fuzzy inference petri nets.
Computer methods and programs in biomedicine.
2017;144:147-63.

37.Hwang S-L, Yau Y-J, Lin Y-T, Chen J-H, Huang T-H,
Yenn T-C, et al. Predicting work performance in nuclear
power plants. Safety science. 2008;46(7):1115-24.

38.Hachicha W, Ghorbel A. A survey of control-chart pat-
tern-recognition literature (1991-2010) based on a new
conceptual classification scheme. Computers & Indus-
trial Engineering. 2012;63(1):204-22.

39.Saffari M, Sanaeinasab H, Pakpour AH. How to Do a Sys-
tematic Review Regard to Health: A Narrative Review.
Iranian Journal of Health Education and Health Promo-
tion. 2013;1(1):51-61.(Persian).

40.Ahmadi M, Sedighie L, Rohani C. Evidence-based re-
view in the field of developing critical appraisal tools
for quantitative studies. Scientific Journal of Nursing,
Midwifery and Paramedical Faculty. 2018;3(3):57-72.
(Persian).

41.Rohani C, Gholamnejad H. Critical appraisal on the re-
porting of Nested Case-Control Studies according to
the STROBE statement. Iranian Journal of Nursing Re-
search. 2016;10(4):20-31.

42.Yin B-C, Fan X, Sun Y-F. Multiscale dynamic features
based driver fatigue detection. International Jour-
nal of Pattern Recognition and Artificial Intelligence.
2009;23(03):575-89.

43 Xie J-E, Xie M, Zhu W, editors. Driver fatigue detection
based on head gesture and PERCLOS. 2012 Internation-
al Conference on Wavelet Active Media Technology and
Information Processing (ICWAMTIP) ; 2012: IEEE.

44.Tadesse E, Sheng W, Liu M, editors. Driver drowsiness
detection through HMM based dynamic modeling.
2014 IEEE International conference on robotics and au-
tomation (ICRA); 2014: IEEE.

45.Coetzer RC, Hancke GP, editors. Eye detection for a re-
al-time vehicle driver fatigue monitoring system. 2011
IEEE Intelligent Vehicles Symposium (IV); 2011: IEEE.

46.Saradadevi M, Bajaj P. Driver fatigue detection using
mouth and yawning analysis. International journal of
Computer science and network security. 2008;8(6):183-
8.

Yy



http://dx.doi.org/10.52547/ioh.18.1.249
https://ioh.iums.ac.ir/article-1-2638-en.html

[ Downloaded from ioh.iums.ac.ir on 2025-08-01 ]

[ DOI: 10.52547/i0h.18.1.249 ]

...6515001.) L5L° uf‘% bﬁ)ls ~—§-A-'L°----~J 290°

Systems with Applications. 2009;36(4):7651-8.

73.Brandt T, Stemmer R, Rakotonirainy A, editors. Afford-
able visual driver monitoring system for fatigue and
monotony. 2004 IEEE International Conference on Sys-
tems, Man and Cybernetics (IEEE Cat No 04CH37583);
2004: IEEE.

74.Jin S, Park S-Y, Lee J-J. Driver fatigue detection us-
ing a genetic algorithm. Artificial Life and Robotics.
2007;11(1):87-90.

75.Mbouna RO, Kong SG, Chun M-G. Visual analysis of
eye state and head pose for driver alertness monitoring.
IEEE transactions on intelligent transportation systems.
2013;14(3):1462-9.

76.Lee B-G, Chung W-Y. Driver alertness monitoring using
fusion of facial features and bio-signals. IEEE Sensors
Journal. 2012;12(7):2416-22.

77Yang G, Lin Y, Bhattacharya P. A driver fatigue rec-
ognition model based on information fusion and
dynamic Bayesian network. Information Sciences.
2010;180(10):1942-54.

78.Azman A, Meng Q, Edirisinghe E, editors. Non intrusive
physiological measurement for driver cognitive distrac-
tion detection: Eye and mouth movements. 2010 3rd In-
ternational Conference on Advanced Computer Theory
and Engineering (ICACTE); 2010: IEEE.

79.Kutila M, Jokela M, Markkula G, Rué MR, editors. Driver
distraction detection with a camera vision system. 2007
IEEE International Conference on Image Processing;
2007: IEEE.

80.Zhang H, Zhu Y, Maniyeri ], Guan C, editors. Detection
of variations in cognitive workload using multi-modal-
ity physiological sensors and a large margin unbiased
regression machine. 2014 36th Annual International
Conference of the IEEE Engineering in Medicine and
Biology Society; 2014: IEEE.

81.Miyaji M, Kawanaka H, Oguri K, editors. Effect of pat-
tern recognition features on detection for driver’s cogni-
tive distraction. 13th International IEEE Conference on
Intelligent Transportation Systems; 2010: IEEE.

82.Miyaji M, Danno M, Kawanaka H, Oguri K, editors.
Driver’s cognitive distraction detection using AdaBoost
on pattern recognition basis. 2008 IEEE International
Conference on Vehicular Electronics and Safety; 2008:
IEEE.

83.Tango F, Botta M, editors. Evaluation of distraction in a
driver-vehicle-environment framework: An application
of different data-mining techniques. Industrial Confer-
ence on Data Mining; 2009: Springer.

84.Zhang Y, Owechko Y, Zhang ], editors. Driver cogni-
tive workload estimation: A data-driven perspective.
Proceedings The 7th International IEEE Conference
on Intelligent Transportation Systems (IEEE Cat No

Yy

based feature-extraction algorithm. IEEE Transactions
on Biomedical Engineering. 2010;58(1):121-31.

60.Kim Y, Kim Y, Hahn M, editors. Detecting driver fatigue
based on the driver’s response pattern and the front view
environment of an automobile. 2008 Second Interna-
tional Symposium on Universal Communication; 2008:
IEEE.

61.Vural E, Cetin M, Ercil A, Littlewort G, Bartlett M,
Movellan J, editors. Drowsy driver detection through
facial movement analysis. International Workshop on
Human-Computer Interaction: Springer. 2007:6-18.

62.Vural E, Cetin M, Ergil A, Littlewort G, Bartlett M,
Movellan J. Machine learning systems for detecting
driver drowsiness. In-vehicle corpus and signal process-
ing for driver behavior: Springer:2009:97-110.

63.Rong-Ben W, Ke-You G, Shu-Ming S, Jiang-Wei C, edi-
tors. A monitoring method of driver fatigue behavior
based on machine vision. IEEE IV2003 Intelligent Vehi-
cles Symposium Proceedings (Cat No 03TH8683); 2003:
IEEE.

64.Fan X, Yin B, Sun Y, editors. Nonintrusive driver fatigue
detection. 2008 IEEE International Conference on Net-
working, Sensing and Control; 2008: IEEE.

65.Wang P, Shen L, editors. A method of detecting driver
drowsiness state based on multi-features of face. 2012
5th International Congress on Image and Signal Pro-
cessing; 2012: IEEE.

66.Luo X-q, Hu R, Fan T-e, editors. The driver fatigue moni-
toring system based on face recognition technology.
2013 Fourth International Conference on Intelligent
Control and Information Processing (ICICIP); 2013:
IEEE.

67.Sun C, Li JH, Song Y, Jin L, editors. Real-time driver fa-
tigue detection based on eye state recognition. Applied
Mechanics and Materials; 2014: Trans Tech Publ.

68.Tayade MR, Jeyakumar A, Kore AB, Galshetwar VM. Real
Time Eye State Monitoring System for Driver Drowsi-
ness Detection. International Journal of Emerging Tech-
nology and Advanced Engineering. 2014;4(6):452-6.

69.Senaratne R, Hardy D, Vanderaa B, Halgamuge S, edi-
tors. Driver fatigue detection by fusing multiple cues.
International Symposium on Neural Networks; 2007:
Springer.

70.Wu J-D, Chen T-R. Development of a drowsiness warn-
ing system based on the fuzzy logic images analysis. Ex-
pert Systems with Applications. 2008;34(2):1556-61.

71.Bagci A, Ansari R, Khokhar A, Cetin E, editors. Eye
tracking using Markov models. Proceedings of the 17th
International Conference on Pattern Recognition, 2004
ICPR 2004; 2004: IEEE.

72.Hu S, Zheng G. Driver drowsiness detection with eyelid
related parameters by Support Vector Machine. Expert


http://dx.doi.org/10.52547/ioh.18.1.249
https://ioh.iums.ac.ir/article-1-2638-en.html

[ Downloaded from ioh.iums.ac.ir on 2025-08-01 ]

[ DOI: 10.52547/i0h.18.1.249 ]

& Prevention. 1999;31(3):199-211.

97.Dubart D, Loslever P, Popieul J-C, Moessinger M. Multi-
ple Correspondence Analysis of Fuzzyfied Task Perfor-
mance and Psycho-Physiological Test Data: Use in Real
Car Following Situations. IFAC Proceedings Volumes.
2013;46(15):455-60.

98.Wilson GF, Russell CA. Operator functional state classifi-
cation using multiple psychophysiological features in an
air traffic control task. Human Factors. 2003;45(3):381-
9.

99.Hannula M, Huttunen K, Koskelo J, Laitinen T, Leino T.
Comparison between artificial neural network and mul-
tilinear regression models in an evaluation of cognitive
workload in a flight simulator. Computers in biology
and medicine. 2008;38(11-12):1163-70.

100.Torres-Salomao LA, Mahfouf M, Obajemu O. Interval
type-2 fuzzy logic adaptive modelling for human opera-
tors undergoing mental stress. IFAC Proceedings Vol-
umes. 2014;47(3):9880-5.

101.Gianazza D. Forecasting workload and airspace config-
uration with neural networks and tree search methods.
Artificial intelligence. 2010;174(7-8):530-49.

102.Gregoriades A, Sutcliffe A. Workload prediction for im-
proved design and reliability of complex systems. Reli-
ability Engineering & System Safety. 2008;93(4):530-49.

103.Zhang G, Wang W, Pepe A, Xu R, Schnell T, Anderson
N, et al. A systematic approach for real-time operator
functional state assessment. 2012:190-199.

104.Wilson GF, Russell CA. Real-time assessment of mental
workload using psychophysiological measures and arti-
ficial neural networks. Human factors. 2003;45(4):635-
44.

105.Yin Z, Zhang J. Operator functional state classification
using least-square support vector machine based recur-
sive feature elimination technique. Computer methods
and programs in biomedicine. 2014;113(1):101-15.

106.Yin Z, Zhang J. Cross-session classification of mental
workload levels using EEG and an adaptive deep learn-
ing model. Biomedical Signal Processing and Control.
2017;33:30-47.

107.Wang R, Zhang J, Zhang Y, Wang X. Assessment of hu-
man operator functional state using a novel differential
evolution optimization based adaptive fuzzy model. Bio-
medical Signal Processing and Control. 2012;7(5):490-8.

108.Zhang J, Mahfouf M, Linkens D, Nickel P, Hockey G, ed-
itors. Adaptive fuzzy model of operator functional state
in human-machine system: a preliminary study. Pro-
ceedings of the IASTED international conference; 2007.

109.Xia J, Zhang J, Wang R. Regulation of Adaptive Human-
Machine System Based on Fuzzy Inference Petri Net.
TFAC-PapersOnLine. 2015;48(20):475-80.

110.Ting C-H, Mahfouf M, Nassef A, Linkens DA, Panout-

Gen 5 ldslo as e

04TH8749); 2004: IEEE.

85.Craven PL, Belov N, Tremoulet P, Thomas M, Berka C,
Levendowski D, et al. Cognitive workload gauge devel-
opment: comparison of real-time classification meth-
ods. Foundations of Augmented Cognition. 2006:75-84.

86.Miyaji M, Kawanaka H, Oguri K, editors. Driver’s cogni-
tive distraction detection using physiological features by
the adaboost. 2009 12th International IEEE conference
on intelligent transportation systems; 2009: IEEE.

87.Solovey ET, Zec M, Garcia Perez EA, Reimer B, Mehler B,
editors. Classifying driver workload using physiological
and driving performance data: two field studies. Pro-
ceedings of the SIGCHI Conference on Human Factors
in Computing Systems; 2014: ACM.

88.Tjolleng A, Jung K, Hong W, Lee W, Lee B, You H, et al.
Classification of a Driver’s cognitive workload levels us-
ing artificial neural network on ECG signals. Applied
ergonomics. 2017;59:326-32.

89.Liao W, Zhang W, Zhu Z, Ji Q, editors. A real-time hu-
man stress monitoring system using dynamic Bayesian
network. 2005 IEEE Computer Society Conference on
Computer Vision and Pattern Recognition (CVPR05)-
Workshops; 2005: IEEE.

90.Wijnands JS, Thompson ], Aschwanden GD, Stevenson
M. Identifying behavioural change among drivers using
Long Short-Term Memory recurrent neural networks.
Transportation research part F: traffic psychology and
behaviour. 2018;53:34-49.

91.Gu H, Ji Q, editors. Facial event classification with task
oriented dynamic Bayesian network. Proceedings of the
2004 IEEE Computer Society Conference on Computer
Vision and Pattern Recognition, 2004 CVPR 2004; 2004:
IEEE.

92.Sabet M, Zoroofi RA, Sadeghniiat-Haghighi K, Sabbaghi-
an M, editors. A new system for driver drowsiness and
distraction detection. 20th Iranian Conference on Elec-
trical Engineering (ICEE2012); 2012: IEEE.(Persian).

93.Sigari MH, editor Driver hypo-vigilance detection based
on eyelid behavior. 2009 seventh international confer-
ence on advances in pattern recognition; 2009: IEEE.
(Persian).

94.Muiioz M, Reimer B, Lee ], Mehler B, Fridman L. Distin-
guishing patterns in drivers’ visual attention allocation
using Hidden Markov Models. Transportation research
part F: traffic psychology and behaviour. 2016;43:90-
103.

95.Rumschlag G, Palumbo T, Martin A, Head D, George R,
Commissaris RL. The effects of texting on driving per-
formance in a driving simulator: The influence of driver
age. Accident Analysis & Prevention. 2015;74:145-9.

96.Verwey WB, Zaidel DM. Preventing drowsiness accidents

by an alertness maintenance device. Accident Analysis

Yf



http://dx.doi.org/10.52547/ioh.18.1.249
https://ioh.iums.ac.ir/article-1-2638-en.html

[ Downloaded from ioh.iums.ac.ir on 2025-08-01 ]

[ DOI: 10.52547/i0h.18.1.249 ]

...6515001.) L5L° uf‘% bﬁ)ls ~—§-A-'L°----~J 290°

2014;8:703.

119.Noel JB, Bauer Jr KW, Lanning JW. Improving pilot
mental workload classification through feature exploita-
tion and combination: a feasibility study. Computers &
operations research. 2005;32(10):2713-30.

120. Thakur GS, Gupta A, Gupta S. Data mining for predic-
tion of human performance capability in the software-
industry. International Journal of Data-Mining and
Knowledge Management Process (IJ]DKP). 2015.

121.Currie DJ, Smith C, Jagals P. The application of system
dynamics modelling to environmental health decision-
making and policy-a scoping review. BMC public health.
2018;18(1):402.

122. Mohammadi Z. Dynamic modeling of mental perfor-
mance using artificial neural network and considering
the psychoacoustic aspects. PhD thesis: Shahid Beheshti
university of medical sciences; 2020.(Persian).

123.Arekhi S, Adibnejad M. Efficiency assessment of the of
Support Vector Machines for land use classification us-
ing Landsat ETM+ data (Case study: Ilam Dam Catch-
ment). Iranian Journal of Range and Desert Research.
2011;18(3):420-40.(Persian).

124.Hegde ], Rokseth B. Applications of machine learning
methods for engineering risk assessment-A review.
Safety science. 2020;122:104492.

125.Sedehi M, Mehrabi Y, Kazemnejad A, Hadaegh E Com-
parison of artificial neural network, logistic regression
and discriminant analysis methods in prediction of met-
abolic syndrome. Iranian journal of endocrinology and
metabolism. 2009;11(6):638-646. (Persian).

126.Sepehri M, lildoromi AR, Hosseini SZ, Nori H, Mo-
hammadzadeh E, Artimani MM. Combination of Neu-
ral Networks and Genetic Algorithms, an Approach to
Estimate the Flood Flow. Iranian journal of watershed
management science and engineering. 2018;11(39):23-
28. (Persian).

127. Kheirabadi GR, Bolhari J. Role of human factors in road
accidents. 2012. (Persian).

Yo

s0s G, Nickel P, et al. Real-time adaptive automation sys-
tem based on identification of operator functional state
in simulated process control operations. IEEE Transac-
tions on Systems, Man, and Cybernetics-Part A: Systems
and Humans. 2009;40(2):251-62.

111.Yin Z, Zhang ], Wang R. Neurophysiological feature-
based detection of mental workload by ensemble sup-
port vector machines. Advances in Cognitive Neurody-
namics (V): Springer; 2016:469-75.

112.Christensen JC, Estepp JR, Wilson GF, Russell CA. The
effects of day-to-day variability of physiological data on
operator functional state classification. Neurolmage.
2012;59(1):57-63.

113.Zhang C, Zheng C-X, Yu X-L. Automatic recognition
of cognitive fatigue from physiological indices by using
wavelet packet transform and kernellearning algorithms.
Expert Systems with Applications. 2009;36(3):4664-71.

114.Chen L-1, Zhao Y, Zhang J, Zou J-z. Automatic de-
tection of alertness/drowsiness from physiological
signals using wavelet-based nonlinear features and
machine learning. Expert Systems with Applications.
2015;42(21):7344-55.

115.Laurent E Valderrama M, Besserve M, Guillard M,
Lachaux J-P, Martinerie J, et al. Multimodal information
improves the rapid detection of mental fatigue. Biomed-
ical Signal Processing and Control. 2013;8(4):400-8.

116.Moon B, Lee H, Lee Y, Park ], Oh I, Lee J. Fuzzy systems
to process ECG and EEG signals for quantification of
the mental workload. Information Sciences. 2002;142(1-
4):23-35.

117. Nikolova R, Radev V, Vukov M. Functional determina-
tion of the operator state in the interaction of humans
with automated systems. National center of hygiene So-
fia (Bulgaria) medical ecology and nutrition, 2003.

118 Ke Y, Qi H, He E Liu S, Zhao X, Zhou P, et al. An
EEG-based mental workload estimator trained on
working memory task can work well under simulated

multi-attribute task. Frontiers in human neuroscience.


http://dx.doi.org/10.52547/ioh.18.1.249
https://ioh.iums.ac.ir/article-1-2638-en.html
http://www.tcpdf.org

