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ABSTRACT

Keywords:

Ergonomic analysis
REBA

RULA

Digital human modeling
Aviation industry

The Digital Human Modelling (DHM) method, in which the anthropometric
characteristics of humans are represented using a computer-aided three-dimensional
model, is used in many different ergonomic optimisation applications, especially in
areas such as manufacturing, machine utilization, assembly simulation, cabin design,
human-robot communication. This method aims to identify and reduce potential
ergonomic risks in posture and work positions during the design phase by simulating
human-machine interactions in digital environments. Thus, possible injuries and
injuries can be prevented. Especially in critical aviation applications where operator
safety is vital, functionality and ergometry analyzes are important in cockpit and
console designs. In this study, ergonomic analyzes of the operator consoles in an air
support aircraft were carried out according to the Rapid Entire Body Assessment
(REBA) and Rapid Upper Limb Assessment (RULA) methods, according to two
different postures, using the Human Builder and Human Activity Analysis modules in
the CATIA V5 sofware. In Position-1, the operator's situation of directly looking at
the screen and reaching for the screen buttons is considered, while in Position-2, the
operator's situation of reaching for the tablet located on the side and looking at the
screen below has been evaluated from an ergonomic perspective. Additionally, angle
of view analyses have been performed for these two postural positions.

Hava Destek Ucagindaki Operator Konsollarimin Ergonomik Analizi
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OZET

Insanlara ait antropometrik ozelliklerinin bilgisayar destekli {i¢ boyutlu model
kullamlarak temsil edildigi Dijital insan Modelleme (DHM) y&ntemi, basta iiretim,
makine kullanimi, montaj simiilasyonu, kabin tasarimi, insan-robot iletisimi gibi
alanlar olmak {iizere bir ¢ok farkli ergonomik optimizasyon uygulamalarinda
kullanilmaktadir. Bu yontem, dijital ortamlarda insan-makine etkilesimlerini simiile
ederek, tasarim asamasinda durus ve ¢alisma pozisyonlarindaki potansiyel ergonomik
riskleri belirlemeyi ve azaltmayr amaglamaktadir. Boylece, olasi yaralanma ve
sakatlanmalarin 6niine gegilebilmektedir. Ozellikle operatdr giivenliginin 6nemli
oldugu kritik havacilik uygulamalarinda, kokpit ve konsol tasarimlarinda islevsellik
ve ergometri analizleri énem tasimaktadir. Bu ¢alismada, CATIA VS5 uygulamasi
igerisindeki Human Builder ve Human Activity Analysis modiilleri kullanilarak bir
hava destek ucaginin igerisindeki operator konsollarinin iki farkli durusa gore Rapid
Entire Body Assessment (REBA) ve Rapid Upper Limb Assessment (RULA)
yontemlerine gore ergonomik analizleri gergeklestirilmistir. Pozisyon-1’de operatdriin
ekrana diiz bakma ve ekran diigmelerine ulasma durumu ele alinirken, Pozisyon-2’de
operatdriin yanda bulunan tablete uzanma ve asagida bulunan ekrana bakma durumu
ergonomik ac¢idan degerlendirilmistir. Ayrica, bu iki durug pozisyonuna yonelik goriis
acist analizleri de gerceklestirilmistir.
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1. INTRODUCTION (GIRiS)

The evolution of technology and increased industrialization have paved the way for the creation
of cutting-edge machines. In recent times, there's been a noticeable shift towards autonomous
machines that demand less human interaction, which aids in reducing errors caused by human
factors. However, in instances where human-machine interactions persist, the ergonomic aspect of
design takes on a significant role. Ergonomic analysis is utilized during the design process to ensure
that machines are compatible and comfortable for human use. The focus of these ergonomic
assessments is to tailor the design of workplaces, products, and systems to fit the physical
dimensions and capabilities of the users. For an ergonomic workplace, it is essential to develop
designs that are compatible with the physical characteristics and capacities of users [1, 2].

Ergonomics is the scientific field that investigates the anatomical, physiological, and
psychological interactions between the user and the environment [3, 4]. It considers physical,
cognitive, social, organizational, and environmental factors in workplace design with a human-
centered approach [5, 6]. In the early years of the 20th century, there was a significant leap in
technological innovations, particularly in the realm of military equipment and machinery.
Concomitant with the complexity of these tools, ensuring humans could utilize these technological
assets efficiently, safely, and effectively became increasingly paramount. The era marked by the
world wars catalyzed the acceleration of these technological advancements. In the post-Second
World War period and the subsequent years characterized by the proliferation of assembly lines, it
was observed that continuous repetitive motions could lead to persistent injuries in individuals.
Furthermore, it became evident that the design of military aircraft and other equipment was directly
correlated with user comfort and functionality. These discoveries paved the way for the evolution of
ergonomics into the comprehensive discipline we recognize today. A pivotal moment in this
evolutionary trajectory was marked by the establishment of the Human Factors and Ergonomics
Society in the United States in 1957.

The aim of ergonomics is to minimize risk factors and the likelihood of injury in workspaces.
With ergonomic studies, human access to and compatibility with machines, as well as productivity
in working together, are enhanced. Ergonomics is based on research in more established scientific
fields such as engineering, physiology and psychology. In the process of conducting ergonomic
studies, disciplines and techniques such as anthropometry, biomechanical action analyses,
environmental physics, applied psychology, and social psychology are utilized. Potential physical
and psychological problems in users can be prevented at early stages with ergonomic analyses
applied prior to production [7-10].

The Digital Human Modeling (DHM) approach allows for the early identification of potential
problems by considering ergonomic risk factors in the design process [11]. Therefore, by
previewing the interaction between the machine and the human in the digital environment with
simulations, potential injuries and disabilities can be prevented. DHM not only ensures compliance
with health and safety standards but also accelerates the product's time to market. As a result, work
efficiency is increased and production costs are reduced [12]. Due to these advantages, the use of
the DHM approach has become widespread in various sectors such as aviation and space, military,
energy/power, industrial facilities, automotive, and shipbuilding industry.

Several different DHM tools such as Jack®, Ramsis®, Santos, and Delmia® have been
developed. These tools allow for the simulation of digital human models in virtual environments
and the analysis of ergonomic performances [11]. Ramsis® and Jack® tools are used more for
aviation and automotive applications due to their success in ergonomic analyses related to force,
accessibility, and comfort [13, 14]. Delmia®, on the other hand, constructs multiple human
modeling systems for research related to human-centered design problems [12]. In addition to these
tools, there are DHM applications that work integrated with CAD software such as CATIA.

In the aviation sector, where ergonomic analyses are frequently used, anthropometric data plays
a significant role in the design of cockpits and operator consoles. These data vary according to the
race of the relevant user. Designers strive to achieve an optimum design by using the
anthropometric data of the country where the designs will be used. The MIL-STD-1472 Human
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Engineering American military standard [15] has been published to ensure that everything involving
the human factor in military designs can be designed to a certain standard. This standard includes
various design criteria such as equipment design dimensions, control unit dimensions, viewing
angles, etc. Standard measurements are established for devices and control units that need human
interaction. This facilitates the commencement of the design process with the most appropriate
dimensions prior to conducting ergonomic assessments.

In this study, ergonomic analyzes were carried out on the operator consoles of the air support
aircraft by using the Human Builder and Human Activity Analysis modules in the CATIA V5
software. Analyzes were performed according to two different posture positions using Rapid Entire
Body Assessment (REBA) and Rapid Upper Limb Assessment (RULA) methods. Additionally, the
results obtained from viewpoint analyses for these two posture positions were discussed.

2. MATERIAL AND METHOD (MATERYAL VE YONTEM)

Ergonomics is a field of science focused on analyzing ergonomic risk factors resulting from
human-machine interactions, aided by anthropometric data. With the continuous advancement of
technology, ergonomic considerations in workplace design and product development are now
carried out using computer-aided applications, employing digital human models for simulation in a
virtual environment [11]. These digital human models should be based on anthropometric data
specific to different countries, allowing for evaluations based on the average body measurements of
end-users to achieve the most suitable and user-friendly designs.

One of the sectors where ergonomic analyses are most prevalent is the aviation industry,
particularly within air support aircraft, which often feature numerous operator consoles. Due to the
spatial constraints of the aircraft's interior, these consoles are designed with minimum dimensions.
However, this approach may pose ergonomic challenges, potentially impacting operator efficiency
and comfort. In this study, the consoles were meticulously crafted using standard basic console
dimensions as outlined in Figure 1, aiming to minimize the need for trial and error in the design
process.
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Figure 1. Basic console dimensions in MIL-STD-1472 standards (MIL-STD-1472 standartlarindaki temel konsol
boyutlart) [15]

Various analysis methods such as Rapid Upper Limb Assessment (RULA), Rapid Entire Body
Assessment (REBA), Ovako Working Analysis System (OWAS), National Institute for
Occupational Safety and Health (NIOSH) Lifting Equation, and Lumbar Motion Monitor (LMM)
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are utilized for ergonomic risk assessments [16-18]. These analyses involve examining the
interaction between a digital human model, based on anthropometric data, and the machinery. In the
scope of this study, REBA and RULA analyses were employed to identify ergonomic risks
associated with two different posture positions of operator consoles within an air support aircraft.

The REBA (Rapid Entire Body Assessment) ergonomic analysis method is a tool that allows the
identification of potential risks that may arise from postural behaviors during work. The REBA
method focuses on discomforts that may occur in the human musculoskeletal system, developing a
scoring system for muscle activity caused by various postures - static, dynamic, rapidly changing,
or unbalanced, based on the aircrafts of movement [19]. The REBA ergonomic analysis method can
be conducted easily without the need for expensive equipment or advanced ergonomic knowledge.
Using standard charts (Figure 2) utilized in the REBA analysis, posture measurements are identified
and scored accordingly. To determine the REBA score, the body is considered in two groups:
Group A (neck, trunk, and legs) and Group B (upper arm, lower arm, and wrists) (Figure 2).
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1 = negligible risk
2or 3 = low risk, change may be needed
407 = medium sk, further investigation, change soon
810 10 = high risk, Investigate and implement change:
11+ = wery high risk, implement change

Takle C Smm\

Final REBA Scare

A, Neck, Trunk and Leg Analysis SCDRES
Stepl I_ﬁcate '\erl. Poslhon Tabiz A Heck
1 2 3
C I /
r
| L
,'I,.F J':-j (— NEELRELEERELEE]E
fr =5, |__.\ +.|_‘t 1 afafaflal1]z]a]ala]z]s]s
OO I [} I:l Tk | 2 |2]ala|s]s]a]s]ela]s]s]r
Postre | 2 |2[4|E|6|4(E|S|T|E[E|T]E
Snp la: Adjm
A Neek Bonre score [2 |3[5[6| 7|5 |7 BlE]7] 8=
If mack is side banding: +1 e 0 Rl - e e )
Step 2: I.nrateTrnnLPos:hnn Tabis Lower Am
o e o-gn= B 2
e '\ +H -H'H B =4 = 1 2
- ( A
"/"\‘ 3 I—}m.m- oF L WL
o ./rJ*f /:___J_ ilz]3]1]2(3
“ I{ ' /A a'r ii|z]=2]1]z]z
V! . ~ "L I; fr’l*) 2 [1[2]s]2]=]s
' 4 ' : Vs EREIRAHBEE
A e =5 e T
Step 2a: Adfust... SCOre| == AR
If trank s twisted: +1 Trunk Scare N
If trank &5 side bending: +1 & |7|E|a]a &8
Table C
Step 3: Legs Zoore A
(Y i (5 q e S
\ \ oA i \7 I:l . X core B, fave 8 s sousing scoest
Y Adjusts, V' | Leg Soore =™ |1|z2]3]a[s]|6|7]|6]s1n[11]12
f (o A n ‘B0 )% 1 HAEEREE AR EEE
- A [l 2 ila)z|sfa]|afs]s]efr]7]|=
# 1 £ 1 3
. WL 2 F il e 3 2lafaz|s g7 slels
-, | e o i
e 4 afefefaflcs)e]r|ale]als|s
E‘-_tep 4: Loak-up Pﬁst_um_StnminI:lJ]e.—'_t s slalals]e gls|lsls|=]a
%::El;alumimr:m}u.-_' above, locate scors in B slsl7lelel=lzlalialeala
T HEEEE N £ K1) EENEEN K
Step §: Add Force/Load Score m'_';"" B slels|s|mfsm]m|ofsn]]es] 1
I load = 11 Bos - +0 g s s s [1olam]aalae e 2|1z ez 12
Hload 1122 s :+1
If load = 22 og: =2 10 Jaojafia 11444 12]9z]12]92] 12
Adjmst If shock or rapid beild wp of force:  add +1 Foraliosl B 11 111142 12] 42|12 ]12) 12
. . . — 12 Jazf1zf42{12]12 12
Step 6: Score A, Find Eow in Table C
Add valsee from stape 2 & 5 to obtain Scors A | I
Find Row in Table C. =T +

‘/ Activity Score

B. Arm and Wrist Analysis

Step T: Locate Upper Arm Position:
o 2 00 )
Ly o4 [ r e - -
i 11 i N —= [} W=
11 7 4590 L
& 1. Lkl Ien!ﬂr 1 —*
.jl'l I'::". \ -
I TR B Fi 3 ™
Step Ta: Adfust...
If choulder is ruised: +1
If mppar 2o is abdocted: +1
If arm is sappored or persom is kaning- -1 Upger &rm
scor
Ste]) S Locate T_nwer Arm Position:
) I
i -r.'\
(o e
1’ g mr ‘..J-L' 4
e, il !
L= (T Lower &
(A [ ore:
Step 9- Locate “thn:ﬂmn?__ "
- +
e
15
\Wiriss Boors
Stop Oa: Adust. .
If wrrist is bent from midline or twisted : Add +1
Step 10: Look-up Pﬁ:tm Score in Table B
Using values from steps 7-8 abowe, locaie scome in Takbls B
Pastuns feore B
Step 11: Add Coupling Score +
Well fitting Handle and.:md"an:mw-':p pood: +i
Accsptable but not ideal hand hold or coupling
socaptable with ancther body part, Jaiez +1
Hand held not accepiable bat ! pe ikl poor: 11 [
N bandles, awkward, unsafe with axy body part, J—
Uraccepiable: +2
Step 12: Score B, Find Column in Table C
Add vales from steps 10 &11 o chixin I:l
Scome B. Find column in Table C 2nd match with Score A in
Beora

Tow Som step § to obtain Tabls C Scers.

Step 13: Activity Score

+1 1 or mors body pests are hald for lunger than | mizmts (staftic)

+1 Raepeated small rangs actions (mors thas 4x per mimbe)

+1 Action cawmes mpid brge mags changes in postores or uzstabls bass

Figure 2. REBA scoreboard (REBA puan tablosu) [19]

The Rapid Upper Limb Assessment (RULA) method is utilized to detect potential problems that
may arise in the region of the upper extremities during static and repetitive tasks. Similar to the
REBA method, in RULA, the body is also divided into two groups: Group A (arms and wrists) and
Group B (trunk, neck, and legs) [20]. The final RULA score is determined using data from the
RULA standard chart (Figure 3) for the ergonomic analysis. The RULA analysis method examines
the impact of a machine or platform on the user's musculoskeletal system. Health problems resulting
from the usage of the designed environment or machine are evaluated through the RULA scoring

system.
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Figure 3. RULA scoreboard (RULA puan tablosu) [21]

3. FINDINGS (BULGULAR)

This research assessed the operator's posture while working on a console, considering two
distinctive positions through the application of both REBA and RULA methodologies. The operator
was evaluated under two separate scenarios, with observed differences noted between them. The
work postures were labeled as Position-1 and Position-2. REBA and RULA analyses were
conducted on both situations using CATIA. In Position-1, the situation of the operator looking
straight at the screen and reaching the screen buttons was considered, while in Position-2, the
situation of the operator reaching for a tablet on the side and looking at a screen below was
evaluated from an ergonomic perspective.

3.1. Ergonomic Analysis with REBA (REBA ile Ergonomik Analiz)

The REBA scoring for Position-1 was calculated in accordance with the tables present in Figure
2, yielding an A score of 2 and a B score of 1. Consequently, the overall REBA score was
determined to be 2 (Figure 4).
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(1) TRUNK »  TABLEI |(2) (1){ TABLEIl |[€— UPPERARM | (2)
(1) NECK + + LOVERARM | (1)
(1)+(1) LEGS LOAD (0) (0)] COUPLING WRISTS )
SCORE
(2)| SCOREA SCOREB | (1)
; TABLE 3
(1)
+
1| AcTvITY
) SCORE
REBA
()
SCORE

Figure 4. Determination of REBA score for Position-1 (Pozisyon-1 i¢in REBA puaninin belirlenmesi)

The risk assessment based on the REBA score for Position-1 is given in Table 1. According to
the analysis results, even though the risk level was identified as low, it was determined that
potential design changes might be required over an extended period.

Table 1. Classification of risks according to REBA and RULA tools scores (REBA ve RULA araglari1 puanlarina gore
risklerin siniflandirilmasi) [22]

RULA REBA
RULA Action Action level REBA Corrective
Score Required (Risk level) Score Measure
i None
1-2 Acceptable 0 (Negligible) 1 necessary
3.4 Change may be 1 (Low) 2.3 May be
necessary necessary
5-6 Change 2 (Medium) 4-7 Necessary
necessary soon
Change . Necessary
- immediately 3 (High) soon
. Necessary
4 (Very High) NOW

The REBA scoring for Position-2 was derived in accordance with the tables in Figure 2,
generating an A score of 2 and a B score of 4. As a result, the final REBA score was determined to

be 4 (Figure 5).

The risk assessment based on the REBA score for Position-2 is given in Table 9. Based on the
outcomes of the analysis, the ergonomic risk level was assessed as medium with a score of 4,
indicating a necessity for alterations in the operator's posture.
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SCORE
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| TABLE 3
(3)
+
| AcTvITY
) SCORE
REBA
(4)
SCORE

Figure 5. Determination of REBA score for Position-2 (Pozisyon-2 i¢in REBA puaninin belirlenmesi)

3.2. Ergonomic Analysis with RULA (RULA ile Ergonomik Analiz)

The human model, created using CATIA V5 Human Builder, was positioned on the three-
dimensional console model in accordance with Position-1, and then RULA analysis was applied
(Figures 6 and 7). As a result of the RULA analysis conducted using the CATIA V5 software, the
final score was established as 3, thereby classifying it within the low-risk group (Table 9).

(b)
Figure 6. RULA analysis for Position-1 (a) CATIA V5 model, (b) viewpoint analysis (Pozisyon-1 i¢in RULA analizi (a)
CATIA V5 modeli, (b) bakis agis1 analizi)
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RULA Analysis (OPERATOR) X
Side: @ Left O Right
Parameters Details
Posture E Upper Arm: 2 1m
@ Static O Intermittent O Repeated + | Forearm 1.
Repeat Frequency + | Wrist: 2
O <4Times/min, @ >4 Times/mi + | Wrist Twist: 1 .
: Posture A: 3 m
[J Arm supported/Person leaning Muscle: 1.
[[] Arms are working across midline Eorce/lond 0 mm
[[] Check balance Wrist and Arm: B
_+ | Neck: 1.
Load: | Okg = |+ | Trunke 1 -
Score Leg: 10m
Final Score: 3 << I Posture B: 1.
Investigate further Neck, Trunk and Leg: 2 I
Close

Figure 7. Results for RULA Analysis for Position-1 (Pozisyon-1 i¢in RULA Analizi Sonuglar1)

The human model, created using CATIA V5 Human Builder, was positioned on the three-
dimensional console model in accordance with Position-2, which was then followed by a RULA
analysis (Figures 8 and 9). The results from the RULA analysis carried out in the CATIA V5
program led to a final score of 3, which, as per Table 8, is classified within the low-risk group.

Figure 8. RULA analysis for Position-2 (a) CATIA V5 model, (b) viewpoint analysis (Pozisyon-2 i¢in RULA analizi (a)
CATIA V5 modeli, (b) bakis agisi analizi)
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Figure 9. Results for RULA Analysis for Position-2 (Pozisyon-2 i¢in RULA Analizi Sonuglar1)

4. CONCLUSIONS (SONUCLAR)

In this study, the ergonomic analyses of operator consoles within the aircraft fuselage were
evaluated from the perspective of two different postural positions using the REBA and RULA
methods. Position-1 considered the operator's situation of looking directly at the screen and
reaching the screen buttons, whereas Position-2 assessed the operator's situation of reaching for the
tablet on the side and looking at the screen below from an ergonomic point of view. Additionally,
viewing angle analyses were conducted for these two postural positions.

Similarly, there are studies in the literature that evaluate different working and posture positions
from an ergonomic point of view. In the study where the ergonomic evaluation of the driver in
different postures was made, REBA and RULA tools of the CATIA V5 program and digital human
models were used [4]. According to the results, when calculating the REBA score for both
positions, the RULA scores were determined as 3. According to these values, it was stated that in
the long term, it may be necessary to make changes by maintaining the existing standing positions.
In another study, ergonomic evaluation of different working positions was made using the RULA
method [1]. In this study, in which 5 different working and posture positions were evaluated, the
RULA final scores ranged from 2 to 7. The designs for the respective working position have been
updated for higher values. In a similar study, an ergonomic risk assessment of a functional product
was performed using the REBA and RULA tools [18]. According to the analysis results, an
ergonomic risk value that would require a change in the design was not determined. As a result, in
this study, the ergonomic analyses of operator consoles within the aircraft fuselage were evaluated
from the perspective of two different postural positions using the REBA and RULA methods. For
Position-1, the final REBA score was determined as 2, indicating a low level of ergonomic risk.
Upon examining the results of the RULA analysis for Position-1, the final score was determined as
3, also indicating a low level of ergonomic risk. Conversely, the final REBA score for Position-2
was determined as 4. This was due to the neck angles being different from the normal postural
position, and the level of ergonomic risk was identified as medium. Lastly, upon analyzing the
RULA results for Position-2, the final score was found to be 3, suggesting a low level of ergonomic
risk.

This study has evaluated the importance of the harmony and connection between humans and
machines. Optimal working environments can be provided through fundamental ergonomic
analyses like REBA and RULA. Presently, numerous products necessitate ergonomic evaluation.
Each product involving human interaction, from the most intricate to the most straightforward,
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should be subjected to this analysis to diminish potential risks to the minimum. Future research
could propose alternate working postures aimed at minimizing the ergonomic risk factor associated
with the two different posture positions studied. For Position-2, making the tablet located on the
right adjustable could help in reducing the neck angle. By implementing revisions in both seating
positions, it would be possible to bring risk scores down to the lowest feasible level.

REFERENCES (KAYNAKLAR)

1.

2.

~No

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

N. Top, Operasyonel ofis mobilyasi tasariminin rula yontemi ile ergonomik analizi ve yeniden tasarimu,
Gazi Mihendislik Bilimleri Dergisi, 5(3): 290-299, 2019.

O. Kaya, A.F. Ozok, Tasarimda antropometrinin 6énemi, Miihendislik Bilimleri ve Tasarim Dergisi, 5:
309-316, 2017.

R. Bridger, Introduction to Ergonomics, 2nd ed., NewYork, 2003.

C. Eldem, N. Top, H. Sahin, Dijital insan modelleri kullanarak otomobil siiriiciisii durus pozisyonlarinin
ergonomik degerlendirilmesi {izerine bir ¢alisma, Gazi Miihendislik Bilimleri Dergisi, 5(1): 22-31,
2019.

N. Stanton, A. Hedge, K. Brookhuis, E. Salas, H.W. Hendrick, Handbook of human factors and
ergonomics methods, CRC Press, Boca Raton, FL, 2004.

K.J. Vicente, The Human Factor, Routledge, New York, 2004.

J.R. Wilson, N. Corlett, Evaluation of human work, CRC press, 2005.

S.J. Ulijoszek, C.G.N. Mascie-Taylar, Antropometry, the individual and the population, Cambridge
University Pres Great, Britain, 1994.

C.R. Rodriguez-Afiez, Anthropometry and it application in ergonomics, Brazilian Journal of
Kinanthropometry and Human Performance, 3(1): 102-108, 2001.

E. Helvacilar, C. Eldem, Insan faktorleri mithendisligi bakis acis1 ile askeri mesaj isletim sistemleri,
Gazi Journal of Engineering Sciences, 3(3): 41-46, 2017.

I. Sahin, N. Top, Ergonomik risk degerlendirmesi icin dijital insan modellerin kullanimi, Iksad
Yayinevi, Ankara, 2021.

K. Abdel-Malek, J. Arora, L.F. Law, C. Swam, S. Beck, T. Xia, R. Bhatt, J. Kim, Y. Xiang, M.K.
Rasmussen, Santos: A digital human in the making. In IASTED International Conference on Applied
Simulation and Modeling, ADA542025, June 2008, Greece.

K.A. Malek, J. Yang, T. Marler, S. Beck, A. Mathai, X. Zhou, A. Patrick, J. Arora, Towards a new
generation of virtual humans. International Journal of Human Factors Modelling and Simulation, 1(1):
2-38, 2006.

Grupoesparco. (t.y.). Classic Jack.
https://www.grupoesparco.com/gestor/menus/secciones/articulos/archivos/C LASSIC_JACK .pdf,
09.22.2021.

http://everyspec.com/MIL-STD/MIL-STD-1400-1499/MIL-STD-1472F 208/

F. Caputo, A. Greco, M. Fera, R. Macchiaroli, Digital twins to enhance the integration of ergonomics in
the workplace design, International Journal of Industrial Ergonomics, 71: 20-31, 2019.

E.P. Takala, I. Pehkonen, M. Forsman, G.A. Hansson, S.E. Mathiassen, W.P. Neumann, G. Sjogaard, K.
B. Veiersted, R.H. Westgaard, J. Winkel, Systematic evaluation of observational methods assessing
biomechanical exposures at work, Scand J Work Environ Health, 36(1): 3-24, 2010.

N. Top, H. Basak, I. Sahin, Biyomimetik tabanli fonksiyonel yiiriiteg tasarim ve dijital insan
modelleme ile ergonomik analizi, EI-Cezeri, 8(2): 618-634, 2021.

S. Hignett, L. McAtamney, Rapid entire body assessment (REBA), Applied ergonomics, 31(2): 201-
205, 2000.

C. Eldem, 1. Sahin, M. T. Demir, N. Top, T. Sahin, Arag¢ bakim kanallarinin dijital insan modelleri ile
ergonomik analizi ve yeniden tasarimi, Mithendislik Bilimleri ve Tasarim Dergisi, 7(2): 386-392, 20109.
L. McAtamney, E.N. Corlett, RULA: A survey method for the investigation of work-related upper limb
disorders, Applied ergonomics, 24(2): 91-99, 1993.

S.M. Qutubuddin, S.S. Hebbal, A.C.S. Kumar, Ergonomic risk assessment using postural analysis tools
in a bus body building unit, Industrial Engineering Letters, 3(8): 10-20, 2013.

110



