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Abstract

International collaboration in teaching and resehrhas expanded as a result of the widespread
accessibility and use of the World Wide Web. Whiidine education has experienced the
greatest growth, the use of remote laboratoriesesearch and teaching is new. The development
of a remote ergonomics laboratory using a new Irgetachnology is described. The purpose of
the remote laboratory is to provide internationatcass to an advanced thermal manikin
technology which provides a platform for measurttng thermodynamic properties of protective
clothing during exposure to controlled environméntanditions. To date, the laboratory has
generated global interest and promoted internatloc@laboration in ergonomics teaching and
research.

1. INTRODUCTION

Rapid expansion of Internet use and its growingupaoity as a social media tool has
impacted communication and education worldwide ipoaitive way. The technology
also offers new opportunities in engineering aneérse education and provides new
avenues for teaching through interactive experiatén and simulation (1). Broadband
availability in conjunction with data compressiorograms make quality audio and
video streaming of lectures on the Internet possi@omputer and Internet based
learning has now become an important part of edutanternationally. A special

challenge for online education in the engineeriagience, and technology fields,
however, is how to include the traditional handstaboratory settings through the
Internet. Hands-on laboratories have been an iakggart of most human factors and
ergonomics education in the past (2). Conceptsepted in lectures are usually
complemented with laboratory experimentation. Tiadally, hands-on education has
been considered the “backbone” of engineering aenee education which allows
students to conduct practical experiments, allowsdents to observe dynamic
phenomena in real-time, allows students to tesbthgses, allows students to learn
from their mistakes, and offers students the opmitt to reach their own conclusions
(3). With the rapid advances in microprocessor @mimunication technologies, more
and more equipment can now be reconfigured andrated remotely. This

development has made hands-on training via thenetgossible. Currently, there are
two approaches to conducting laboratory exercigéme These include virtual labs
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and remote labs. The virtual laboratories are dawe software that simulates the
laboratory environment only. They are especiallyefus when equipment is too

expensive, unsafe, or unavailable for use by stisd&firtual laboratories, on the other
hand, allow students to repeat an experiment nheltimes, giving them the chance to
see how changed parameters and settings can #ffeabutcome. Since the virtual

laboratory exists only in the computer, students learn safely from failures without

causing physical damage. Remote laboratories, Yenvare actual physical facilities

used to conduct experiments and, when not usecefdyppnay cause damage or harm.
Such facilities are controlled remotely in reald¢imhrough the Internet. The

experiments use actual equipment and actual insintsnHowever, they are located at
a different place from where they are being coletbl

To promote student access to hands-on learningeirfieéld of ergonomics and human
factors engineering, not only at the local level &lso regionally and internationally, an
existing thermal manikin laboratory at Boise Statmiversity was reconfigured to
accommodate the Internet-based remote control tdotpp The laboratory now serves
as an educational platform for academic partnertitin®ns regionally and
internationally.

2. THE LABORATORY

The Ergonomics Laboratory is equipped with a thérmanikin system capable of
assessing the heat exchange characteristics afcpina clothing worn under controlled
environmental conditions. Equipment includes a tkiardir pressure system, manikin
air heating system, environmental ventilators, ardd radiators, and digital
thermometers measuring manikin input and outpuptratures needed to compute the
manikin heat gain or heat loss.

2.1. IT Issues

Before the facility became suitable for use asmote laboratory, the IT infrastructure
for the remote connections had to be resolved.ueksgelating to network firewall
policies and the selection of appropriate softwamviding the connection and interface
needed to be agreed upon also prior to start-up.

2.2. Training

Initiating a remote laboratory experiment alwayguiees a support staff. Furthermore,
students and researchers must be fully aware oéxperimental procedures, must be
knowledgeable in using the remote controls proparlgt safely, and must be aware of
the time requirements associated with collectinguestte data. This can be achieved
through in-house training.

2.3. Outcome Assessment

Assessing the learning outcome or value of the teraboratory assignments requires
the collection and evaluation of feedback from gtedent users. This information
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should be used to correct deficiencies and shoeldided to modify the laboratory
experience. Use of a remote laboratory presentsragoing learning and revision
process for the laboratory sponsors as well athiotaboratory users.

3. CONTROLS

The Internet platform serving the Remote LaboratatyBoise State University is
provided by Apriori, LLC through its “Reach-In" bnser technology. This system
allows novice Internet users, i.e. users with necsg computer skills, the ability to
control mechanical devices through the internehgisheir computer and their home
Internet connections. This functionality is possilm any geographical location in the
world that has Internet access.

3.1. Technology Advantages

The technology platform provides opportunities lflamg-distance international remote
laboratory use in the following ways:

0 The software reduces latency to less than 1 seebich makes it
suitable for visual control of the instruments a&ogiipment.

0 The software works in all major browsers withoud tieed for
special downloads.

0 The software can control any hardware component theeweb.

0 The technology allows many users to interact onsigewithout
compromising the quality for the user in control.

o A queuing methodology allows for global users to j@ queue from
anywhere on the Internet.

A student or researcher with sufficient connectgpeed can log onto the remote
laboratory website and control all of the assigladmbratory devices from anywhere in
the world. The user has the ability to controlamera, pan up and down, and zoom in
and out on every instrument located in the laboyatat a click of their mouse, a user
can control multiple mechanical devices at anytime. The laboratory remote control
schematic illustrating the relationship betweenkég components and the sub-systems
of the laboratory are illustrated in Figure 1.

Laboratory Digtal
Camera Thermometer

Manikin
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Ergonomics
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Figure 1: Layout for of the laboratory remote control system
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4. SYSTEM FEATURES

The key feature of this system lies in its architez which minimizes the latency time
of the hardware components and the latency of dfisvare that controls all of the
devices. A main server acts as a “hub” for alloinfation transfer. A dedicated
replication server is included that handles theewidtream separately since the video
stream represents the largest amount of data #nrangf camera is connected to an on-
site control box. The mechanical devices in thetatory are connected to motherboard
located inside the control box which converts thgital data signals into voltage
outputs. The voltage outputs act as the drivingdaio articulate the geared camera
hardware back and forth, up and down, on, andtof,/Ae kernel of software is located
on the control box that communicates with the meenvers providing an “IsAlive”
beacon. Service technicians can respond if thalitls” beacon does not check-in
within 15 seconds.

5. LABORATORY USE

The ergonomics laboratory contains an inflatabkrrfal manikin system designed to
measure the heat transfer characteristics of cigtlsystems. The technical design
features are illustrated in Figure 2. While the ikisnneeds to be clothed by a staff
member, all controls required to operate the syst@mbe manipulated remotely via the
Internet. A student, or a researcher, logs onhto laboratory website and sees the
laboratory “live” through a camera that is in th®N” position 24/7. The camera is
illustrated in Figure 3. The user can engage theikimasub systems consisting of the
manikin air pressure system and the manikin intemia heating system activated
through by the power control relays as shown isufegl. This provides the “start-up”
operating configuration for the manikin. The maniknust reach thermal equilibrium
with the laboratory environment prior to testinghel user can then operate the
laboratory IR exposure lamps and the laboratorylimgdans to change the manikin
exposure conditions. Using the camera’s directiauadtrols and the “zoom” feature,
the user can monitor the digital thermometers ttiaplay the manikin input air
temperature as well as the manikin output air teatpee as illustrated in Figure 5. The
temperature values are then used to calculatbahtloss or heat gain exhibited by the
manikin during exposure to the various environmlentaditions and / or clothing
configurations.

6. CONDUCTING AN EXPERIMENT

To determine the heat transfer characteristics @faanent requires the student or
researcher to perform two measurement proceducggestally by using the following
steps which are illustrated schematically in Figbire

0 The thermal manikin must first reach thermal e@uilim in a “semi-
nude” configuration (wearing short pants only).isTéerves as the
“control” configuration as illustrated in Figure 7A

0 The temperature difference between output air apdtiair is then
observed and recorded and subsequently entered sttndard
energy loss calculation (formula).

0 Once thermal equilibrium is reached, heat radia¢ixymosures or
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wind conditions can be added. Again, the manikputrand output
temperature values are recorded at equilibrium.

o0 To measure the thermal characteristics of clotBygiems, the
procedures used for the “control” conditions angeated with the
exception that the manikin is now clothed as showFigure 7B.
The energy loss values are then compared to therad
conditions. This provides values for the thermalgarties of the
clothing system being tested under the selectenliemaental
exposure conditions.

Return Air
Manifold

Hot Air < :gzn:llsltveld Air Duct
Supply Tube.

Return Air

4 Hot Air Supply

Return Hester: (&
Air Tube

T wa

Meter
n

Regulator

Insulated Duct
(Return)

eturn
Air Tube

L Thermostat Controller

Surface Temp.
Sensor Integrator
Return Air b

i [N
Opening SAnEE

Figure 2: lllustration of inflatable thermal manikin systersed in
the remote laboratory.

Figure 3: Remote controlled internet camera allowing un-
interrupted visual access to the laboratory.
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Figure 4. Remote control relays used in activating thermahikin
sub-systems.
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Figure 5: Temperature monitors showing manikin input air
temperature and manikin output air temperatureegalhich are
needed to compute manikin heat loss values.
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A B
Figure 7: lllustration of thermal manikin in a semi-nudedi@rol”
configuration (A) and in the “Experimental” configtion (B).

7. ACCESSING THE LABORATORY

Access to the remote thermal laboratory is curyewen to the global Internet
community. Visitors are permitted to operate theipopent “at-will” to observe the
technical functions of the key manikin equipmengettracking has shown that persons
from all continents around the world have accesbedacility either as a viewer or as
an active “player” operating the various manikirb-systems. Although the current
features appear to offer visitors a video-gameégainment” opportunity, the goal of
the open access policy is to promote interest gomwmics research. However, when
experiments are being conducted locally or “in-leduthe remote controls are disabled.
This allows the researchers to eliminate outsiderference or interruptions. However,
the camera continues to remain “on” during expentmewhich allows visitors
anywhere in the world to view these activities 24¥e current URL for this remote
laboratory website is: http://www.reach-in.com/desiconduct-an-experiment.

8. COLLABORATION

International use of the remote thermal manikinotabory as a research facility
developed after visiting researchers successfudhdacted in-house studies using the
thermal manikin technology and wanted to continuih wtheir experiments after
returning home (4-6). The collaborations have egpdrfrom Boise State University in
the USA to the University of Zagreb in Croatia athé Hong Kong University of
Science and Technology. Collaborations are beimdpesd with universities in Central
and South America. Although the advantage of usihmgremote laboratory increases
with distance, differences in the East-West timeezo can make real-time
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communications regarding experimental problems s@dup requirements difficult.
Nevertheless, as academic resources become sceptiahorative use of laboratory
resources locally, regionally, and internationadlijl be helpful. Remote laboratories
will undoubtedly play an important role in promaircollaboration in education and
research in the future.
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Abstract

Test methods for the characterization of the prtpsrthat are essential for thermophysiological
comfort include the measurement of heat and watpowvan the static and dynamic condition.

These test methods can be divided into three graupthods of fabric properties measurement,
methods of the garment properties measurementnfddemanikin) and methods of comfort
measurement using wear trial.

The paper describes and discusses the advantagds désadvantages of each method.

Keywords: objective, subjective, comfort, method

1. INTRODUCTION

The term comfort refers to the property of a thimgich provides plenty of space and
comfort (satisfaction and general well-being of #tate of mind and body) to use and
stay. It is difficult to define precisely the prapeof comfort of garment. Perhaps one of
the best determinant of the comfort is the one ftiefines it as the absence of
discomfort when wearing clothing or lack of awarenef the individual to an item of
clothing that is worn. In any case, wear comfodvgs the extent to which clothing is in
synergy with the body and contribute to the optifoaictioning of the body of healthy
people. Comfort is not just a function of variowameters and properties of materials,
but it must lead in the context of human physiatagiand psychological aspects [1].
Today, the comfort is considered one of the fund#aieroperties of textile products
when it comes to the evaluation of products. Tlaest is included into an important
goal for the 21st century that producers are tryimgneet: a satisfactory balance of
comfort criteria.

2. METHODS OF COMFORT EVALUATION

Test methods for the characterization of the prigerthat are essential for
thermophysiological comfort are the measuremeiiteaft and water vapor in the static
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and dynamic condition. Generally, these test metteath be divided into three groups

[2]:

- methods of measuring the properties of fabriegéding guarded hot plate or similar)
- methods of measuring the properties of garmehésrpal manikin) and
- methods of comfort measurement using wear trials.

2.1. Sweating guarded hot plates

Sweating guarded hot plate simulates the procéksaetake place above the human
skin. The main parts of the named device are [ phate, fans, sensors that measure
the temperature, humidity and air velocity, warmiregulator, computer with program
and air chamber.

a)
Figure 1: Sweating guarded hot plate: a) the parts of thasomement, b) hot plate

Hot plate consists of three parts which are sephrdteated: board to take charge of
testing and two isolation ring to prevent radiabh#ow. Heating unit maintains a
constant temperature with a deviation of £ 0.1 °Darring the testing of thermal
resistance and water vapor resistance, a poweireg to maintain the temperature of
the plate at 35 © C is measured. During the meamme of water vapor resistance,
water is supplied from the dosing unit, heated dindcted to a porous plate through
channels in the heating element. The plate is eaveiith foil or microporous film that
prevents contact of water with textile productsg atiow the passage of water vapor
[4]. Thermal resistance (R and resistance to the passage of water vapg) ére
determined by calculation. Testing on the devica t® made according to the
following standards:

- 1SO 11092: 1993 Textiles - Determination of ploysgical properties - Measurement
of resistance to the passage of heat and water vaquter steady state conditions (hot
plate)

- ASTM F 1868-XX standard method of measuring trerresistance and resistance to
the passage of water vapor through clothing usetigplates.

2.2. Thermal manikin
The manikin is a complex measurement device degdignthe form of the human body

that simulates the heat exchange of the human hodythe environment. It is made to
the basic principles that apply to the sweatingrdee hot plate. Manikins are divided

10



Proceedings of'SInternational Ergonomics Conference, Ergonomick320
June 12-15",2013, Zadar, Croatia

into a number of segments separately regulatedd&}elopment of manikins began in
the 40's of the 20th century when Belding in coapen with General Electric Co.
made the first manikin that was used exclusivelytésting in terms of interior space.
Some of the first prototypes are still in use tqdagure 2 [6].

Fiure : he' ft manikin

The first fire-resistant manikin, known as "Therman", was made in the 80s in the
U.S. The first moving manikins had the option tb the seat position or movement of
the joints. It was followed by manikins with thegsibility of constant motion, defining
different velocities and with the possibility of mement characteristic for cycling. A
new phase in the development of manikins beganuasind manikins that were able to
simulate the process of sweating. During the y&&91was developed the first female
manikin. It was followed by the development of thaby-manikins that enabled the
evaluation of equipment for neonatal care [7]. Bgrihe year 1996, was developed the
manikin that could simulate breathing [8] and waedifor the evaluation of air quality
[9]. Today, manikins differ by gender, ethnograpbéckground, body size and age, and
there is more than 100 different types in use {14,

Figure 3: Manikins: a) Adam b) Victoria ¢) Nemo

There is a series of standards for the specifisatinod measurement using manikins
among which we should point out the following: 15920 (Determination of thermal
properties of clothing), ISO NP 14505 (Rating thakmonditions in transport), ASTM
F 1291 (A method of measuring the thermal insutatid the manikins), ENV 342

11



Proceedings of'5International Ergonomics Conference, Ergonomick320
June 12-15",2013, Zadar, Croatia

(Protective clothing for cold conditions), ENV 34Brotective footwear), ENV 397
(Helmets), ENV 511 (Gloves for cold conditions).

2.3. Methods of weatr trials

Methods of wear trials have a great importancdéngrocedure of thermophysiological
comfort evaluation. Tests are performed in a cdietlolaboratory environment to
maintain a constant temperature and relative hayniBiuring the test and at the end of
the same, respondents meet evaluation questiosnait@é give numerical ratings on
questions about the level of comfort. In tests gissabjects, a number of scales for
assessing the degree of comfort are used. Fundahseates are: Bedford, ASHRAE
and MTV scale.

Bedford scale isreated in 1936. It and was based on a studyrofan of persons
performing easier jobs in the industry. Bedford tlassified the answers in the scale of
seven degrees, with corresponding grades 1-7,cagnsim Table 1.

Table 1: Bedford scale

Description Grade
To hot
Hot
Warm
Comfortable
Moderate fresh
Fresh
To cold

\lo)m_hw’\)lﬂ

Bedford has, in further deliberations, concludedtthithe practical assessment
"comfortable" should be marked with the number z€tather, the values of sensations
associated with an increase in heat should be iy®situmbers, and the negative
numbers those associated with an increase in tide ide also suggested that the zero
level is defined as an area where more than 70#eo$ubjects felt comfortable and at
least 86% of subjects the same zone graded betipésasantly warm" and "pleasantly

cool".

ASHRAE scalewas created in the year 1971. A scale is congigtith Bedfordovim
considerations and contains seven levels rangorg 8 to +3. The scale is shown in
Table 2.

Table 2: ASHRAE scale

Description Grade
Hot +3
Warm +2
Warmer +1

Neutral 0
Fresh -1
Cold -2

To cold -3
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The findings were used to create standards defineASHRAE 55. The standard
defines the comfort zones that correspond to ththiclg insulation values between 0.5
clo

(summer clothes) and 0.9 clo (winter clothes).

Based on the comparison of heat transfer in 30emfft climatic conditions and

subjective tests conducted on 20 subjects, scaredoh of the climatic conditions is

defined and MTV (Mean Thermal Vote) scale formedngection between stimuli and

score the scale shown in Table 3. At this scalimgatrange -1 to +1 are considered
satisfactory for the evaluation of comfort.

Table 3: MTV scale

Description Grade

To ho +3

Hot +2
Warm, but pleasant +1
Neutral 0
Fresh, but pleasant -1
Cold -2

To cold -3

3. OBJECTIVE VS. SUBJECTIVE METHODS

Each of presented groups of methods has its adyesitand disadvantages. But, using
the combination of methods can provide the resbéisare more realistic, as shown in
the Table 4.

Table 10: Method overview

Method Advantages Disadvantages
Measurement of the  + easy to perform - result is not 100% in conformity
properties of fabrics  + easy to handle with reality

(sweating guarded hot + short time of a single - does not observe the turbulence of
plate or similar measurement air between layers
instrument) + good repeatability
Measurement of the  + can be used in different - no psychological component
properties of garments environmental conditions - expensive
(thermal manikin) + small error of measurement
+ good repeatability
Comfort measurement + in conformity with reality - long duration
using wear trials - variability of subjects

- complicated to organize

Objective methods of textile fabrics and clothirggsting vary greatly. Specifically,
when testing the fabrics on a hot plate, the offlgce on the studied parameters have
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properties of fibers, yarns and fabric. Furthermdtés method is not designed to
measure the impact of the air layer between thtldematerial or between materials
and plates, nor the impact of air flow through.cbmtrast, examination of clothing is
more complex since it includes more parametersittilatence the transfer of heat and
water vapor, as well as the construction of clgthbe human body, etc. The other
benefits of objective testing methods are in tret fhat they have good reproducibility
and can be used to test materials in a varietyiftérdnt environmental conditions.

Subjective testing methods are certainly more tyoseline with reality, than is the
case with objective methods. However, their disathges are the long-term testing, the
variability of subjects and complicated implemeiotat
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Abstract

This paper shows the state of the practice of Evgocs in Spain, and its

institutionalization in the workplace through thawvi of Prevention of Occupational
Risks, the exploration of new fields of applicati@amd the quest for recognition of the
profession: ergonomist. An empirical research reenlconducted with a methodology
guantitative, to know the actual numbers of pratesa practitioners and to have a
picture of the social and legal impact of ergon@pialong with a qualitative

methodological strategy, getting involved diredtlyough interaction with individuals

who execute or make use of ergonomics within défieisub investigate samples.

KeywordsErgonomics; Practitioner; Ergonomics tools,

1. INTRODUCTION

A consequence of the lack of research on the wbtkeoergonomist, there is not hardly
any information on the actual practice of profesalractice of the ergonomists, their
modes of operation and the factors that influeheevay we work and what they do,
and there is a gap between knowledge and avaitable and practices. As Shorrock
and Murphy (2005) note, more research is needeth@mcurrent role and activities of
the ergonomist in the course of their daily workeTergonomist looking for new

avenues of activity and attempts to stabilize a imiimn homogeneity in the

construction of the rules of the profession andfigsle of knowledge required, since the
recognition of a variety in the formation of depaet to the different skills and ways of
intervention in the actions on working conditiomgléhealth, organization or efficiency
of working systems.
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1.1.The creation of the Spanish Association of Ergonoros

In the late eighties, there began to emerge inrSaailear presence of Ergonomics in
industry and in University. At that time, the finshiversity courses were delivered, in
some cases as University degrees, either as Marster Expert courses. A highlight of
this were the first two editions of the Master e§@omics and Working Conditions in
Oviedo organized by the University of Mining Enggnieig in Oviedo, with ENSIDESA
and the Safety Commission in the iron and stealstrgt (CSIS) led by Jesus Portillo.
Other outstanding actions focused on an attempstablish a framework for training in
the discipline, with courses at the Higher SchdoManagement in the “Universidad
Complutense” of Madrid, “Universidad Autonoma” of aélrid and “Universidad
Politécnica” of Barcelona (UPC). These actions rmeagreat attempt to spread this
discipline and to bring it closer to other typespwbfessionals. Nowadays, only the
course taught at UPC led by Peter R. Mondelo nespamaintaining excellent
reputations. In 1989, some of these pioneers ohiSpeErgonomics decided to create
the Spanish Ergonomics Association (AEE).
Espanola de

- ;G
[
(1 )
Ergonomia

Figure 1. Logo of Asociacion Espafiola de Ergonomia (wwwoammos.es)

Asociacion

Since 1997, with the publication of the Royal Dec9/1997, specialists have been
trained under the training program given officiatognition by labor and academic
authorities - one of the four areas or specialiésluding Occupational Health)
contemplated under the preventative techniqueddoeas occupational risks.
Therefore, Spanish ergonomists do not require tkw@s such anything other than that
legal recognition regulated by the Royal Decreel397, which states: "It will be
necessary to have an official university degreetarithve a minimum and appropriate
training accredited by a university with a contspecified in the program which is
referred to in Annex VI, the development of whicllwast no less than six hundred
hours with a proper time distribution for each niag project, respecting the
distribution established in that Annex ... ". Tlreypous may explain certain skepticism
about those "European ergonomists” degrees undeexbuse of being necessary for
ergonomists to work as such.

The training program for Ergonomics experts inchittee following subjects:

» Ergonomics: concepts and objectives.

» Environmental conditions in Ergonomics.
*  Workplace conception and design.

* Physical workload.

* Mental workload.

» Psychosocial Factors.
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e Organizational structure.

e Characteristics of the company, the job and thieviddal.

e Stress and other psychosocial problems.

e Consequences of adverse psychosocial factors aicethaluation.

* Psychosocial intervention.

2. MATERIALS AND METHODS

A research about the practice of ergonomics experSpain was conducted, with a
sampling framework of 356 ergonomists, which werssoaiated to Regional
Associations of Ergonomist professionals and toSpanish Ergonomics Association.
356 questionnaires were sent, and 97 questionnais¥e received, representing a
27.24% of the whole population of interest. Thistinment is based on a conceptual
model of the factors that may be relevant to thactite of the ergonomists.
Specifically, it consists of 104 items that falkanthe following areas: demographic,
professional practice of Ergonomics in relatiorutoversity education and to working
in other preventative disciplines, practice of emwmics in relation to the used
methodology, specific training received, actions thle promotion and acceptance of
Ergonomics, and perception of the practice of FeireBrgonomics. The average age of
respondents was 41.62 years old (SD = 8.63). Tlhwegest respondent was 25 years
old, while the oldest was 64 years old. The geddsribution is shown in the following
pie chart, Figure 2, showing 61.9% (N = 60) of men.

Figure 2. Gender Distribution

The Professional practice as Ergonomist for 70.5%4espondents was related to
Occupational Risk Prevention functions, whereas 8d% of respondents works in
Ergonomics together with Occupational Risk Prewentin relation to other fields of
work such as teaching, research and consultingh@sn in figure 3.
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Research,
teaching;
21,1%

Risk
Prevention;
70,5%

Figure 3. Professional Practice of Ergonomics

37.5% of the sample has been practicing Ergonoprictessionally for more than 10
years. 57.40% of the participants work as Ergonensipecialist within an Internal
Prevention Service, 40.40% work within External V@rgion Services and 2.10%
perform their work in the Public Administration. @=ally, all Ergonomics and
SocialPhsychology experts also have two other feahrspecialties (Occupational
Safety and Industrial Hygiene), as do those expartmged in the Health Surveillance
specialty (Occupational Medicine and Nursing). A& of the questionnaires showed
that the fields of Ergonomics and of Applied Psyolg occupied over 60% of the
working day for graduates in Psychology and Sogpl(68.42%). The health related
specialties also show this trend very clearly, tees¢ fields occupy over 60% of their
working day, 50% for medical graduates, and 30%nfmses. In the Hygiene specialty
this trend was clearly not observed, with chemising biology experts proving to be
the most active in these fields. There are 36 geaplo spend more than 60% of their
day working in Ergonomics, which represents 39.684he sample. In the Safety
specialty it was observed that experts with Enginge Law, Biology and Chemistry
university degrees devote greater time percentagiese fields.

However, those Occupational Risk Prevention pridesés who spend more than 60%
of their work time working in Ergonomics, showeatstically significant differences
(p<.05) with respect to those who spent less tlh 6f their workday. They showed a
higher frequency in tasks related to work and memtalth, work organization, new
projects and judicial reports.

Analyzing the use of instruments and metrologicplipment, the most widely used are
the camera and the video camera, followed by diffedevices for the evaluation of
environmental conditions: light meter (lighting), ygrometer (humidity and
temperature) and sound level meters (noise). MpexiSc equipment such as the
goniometer (angle measurement), the HRM (heart rateasurement) or
electromyography (measuring muscle activity) wasused by most of participants. It
is striking that the tape measure has never beed by 63.30%. Not so strikingly
61.50% of the participants have never used lightimgtrast measures.

The techniques employed for evaluating physicaldlda (among other goals)
objectivize biomechanical aspects do not show \egh frequencies. For instance,
NIOSH guide is used by 19.30% of the sample, ancertttan half of the respondents
have never implemented the Strain Index (57.30%i),the Cirello and Snock tables
(50%). Paradoxically, the greater frequency ofrivgation is found on those tasks that
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are related to occupational health, in particudamuscle and bone risk assessment (load
handling, stress positions, etc..).

Participation in new projects and the applicatibthe principles of Ergonomics design
has not happened for 39.50% of respondents. Onlp0%0 of the sample has
participated in the design and specification ofgitgl devices and/or the functionality
of systems. Both results show the small developmérdesign Ergonomics and the
limited involvement of ergonomists in new projeotsin the design or the elaboration
of specifications for Request for Proposals (RIRgrocurement processes.

3. RESULTS AND DISCUSSION

The aim of this research has been to investigatepthctice of Ergonomics in Spain
from its origins. We must underline that internatibresearch in the practice of the
ergonomist’s profession is also still very scamigh the exception of studies conducted
in Europe by Breedveld and Dul (2005), in North Aio@ by Dempsey (2005) and
more recently by Anceaux et al (2012) in Franceer&fore we understand that this
research represents a significant contribution xpaading knowledge on the way
Ergonomics is applied. In Spain the specialty ajdfiomics and Psychosociology is
linked to the prevention of occupational hazardd tmthe improvement of working
conditions, but it gets diluted by other preventareas that companies are obliged to
apply in relation to the protection of safety angalth at work. Consequently, the
practice of Ergonomics in the prevention area iy lienited, and its expansion depends
not only on imposed actions based on new regulation on a more rigorous
enforcement of existing regulations, but also om tbersonal initiative of the
Ergonomics specialist himself.

4. CONCLUSION

There are difficulties to extend the field of pretien of occupational risks and to
expand its development in organizations. The readwrhind these difficulties are
diverse and although the research points to sorategtes, there are no clear ways to
overcome them, recognizing the key role playedHnsé who have decision making
power, within the management of organizations aodhpanies. Strategies must be
developed to give frame to the creation of newoadtifor the enhancement of the
professional practice and its different applicasiowhich can be contrasted both by
future European research on ergonomists, and byadiwance of new practices and
fields of application, like for example Forensicgenomics or Ergonomics Project
Management.
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Abstract

The characteristics of school furniture are strongksociated with back and neck pain, referred
by school-aged children. The aim of this study wasdmpare furniture sizes of the 2 types
indicated for primary schools, within 9 schools, witie anthropometric characteristics of
Portuguese students, in order to evaluate the ntidmbetween them. The sample consisted of
432 volunteer students. Regarding the methodolsgnthropometric measures were gathered,
as well as 5 dimensions from the school furniture: fhe evaluation of classroom furniture, a
(mis)match criterion equation was defined. Resultciated that there is a significant mismatch
between furniture dimensions and the anthropometraracteristics of the students.

Keywords: furniture, classroom, school, anthropometrics, tAguese

1. INTRODUCTION

The proposed activities in the classroom, sucheading, writing, observing, drawing
and interpreting, are carried out with studentst kap sitting position for extended
periods of time, as several previous studies hawad [1, 2]. In Portugal, a study found
that students of the 4th year are about 70% ofithe in a sitting position [3]. If it is
considered that the school-age children spend ad@t of their daily time in school
[4], the time they spend seated is considerable.

Recent studies reported that there are a mismatatebn school furniture dimensions
and schoolchildren’s anthropometric measures [F].6This mismatch seems to be the
main cause of the back, legs, arms, neck, shoulttedsfeet pain reported by students
[7, 8]. In Portugal, about 60% of the adolescent®lved in a recent study, reported
having felt back pain at least once in the lastehmonths [9]. Therefore, the school
furniture seems to be primarily responsible forstheconstraints relating to sitting
posture.
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In addition to posture, there are other studie$ wern about the harmful effects of
improper furniture, namely at a cognitive levelclswas hyperactivity, lack of interest
and consequent worst learning outputs [8].

The aim of this study was to compare 2 furnitueesiindicated for primary schools,
with the anthropometric characteristics of Portggustudents, in order to evaluate the
potential mismatch between them.

2. METHODS

2.1. Sample and study design

The considered variables were the school furnitlineensions (seat and desk) and the
students anthropometric dimensions. The sampléhBpanthropometric study included
432 volunteer students (216 male and 216 femates) ® public schools belonging to
the ' cycle of the Portuguese educational system. Tindests aged between 7 to 10
years old, with an average of 8.5 (+1.2) years dhils sample represents a confidence
level of 87,6%. It should be noted that this wasample of convenience and so far, the
measurements were taken only in the Northern dattheo country. The two types of
furniture used in this study were previously apma\by the Portuguese Government
for primary schools.

2.2. Dimensions of desks and chairs

The measures of school furniture considered farshidy were those who, according to
other studies [6, 7, 10], are relevant to the campa with the anthropometric
measurements of children, namely: seat height,dsgath, seat width and desk height.

2.3 Anthropometric measurements considered

The anthropometric measurements were collectedguairvalidated anthropometric
chair by a single evaluator, eliminating the ertbat could be introduced by the
inconsistency in measurements, i.e. different messents made by different
evaluators. During the sessions, the evaluatorhedsed by an assistant, mainly with
the task of registering the collected data.

All the measurements were taken with the subjeeteskin erect position in the
anthropometric chair, with the knees bent at arleanfj90°, and the feet resting on a
adjustable footrest. The exception to this wassth&ure, which was performed with the
individuals standing upright and in a relaxed positusing a measuring tape attached
to the anthropometric chair. During the measurenmnotess, the individuals were
barefooted and wearing shorts and t-shirt.

For this study, the anthropometric measures coraideere the following [11]:

Popliteal heightmeasured with 90° knee flexion, as the vertigstlatice from the foot
resting surface and the popliteal space (postetidace of the knee);

Buttock-popliteal lengthmeasured with 90° knee flexion, as the horizodtatance
from the posterior surface of the buttock to thplipeal surface;
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Hip width: the horizontal distance measured in the widesttgad the hip in the sitting
position;

Elbow-seat distancaéaken with a 90° angle elbow flexion, as theigattdistance from
the bottom of the tip of the elbow to the subjesgated surface;

Thigh thicknessthe vertical distance from the highest uncommeégmint of the thigh
to the subject’s seated surface.

2.4 Application of the measures

To evaluate the (mis)match of school furniture, sidering the ergonomic principles,
some compatibility criteria were defined, whichaddish the minimum and maximum
between each furniture dimension is consideredetgsuitable (two-way equations) or,
for situations in which only a maximum or minimuralwe is required (one-way).

2.4.1. Popliteal Height (PH) and seat height

Considering the anthropometric assumptions, the¢ lseight must be adjusted to the
popliteal height [12] so that the feet are perfelzid on the floor.
There is a mismatch if the seat height is highant®5% (high mismatch), or lower than
88% popliteal height (low mismatch) [7]. That iegtseat height must be in the range
between 88% and 95% of the popliteal height (Equati).

88% PH< Seat height 95% PH Q)

2.4.2. Hip Width (HW) and seat width

In order to sit comfortably, the seat must be wadeugh to accommodate subjects with
wider hips [11, 12]. Thus, the match criterion isegp by the Equation 2.
HW < Seat width (2)

2.4.3. Buttock-Popliteal Length (BPL) and seat dept

In order to sit comfortably, the seat should aldovathe subject to seat with their legs
flexed at 90° (or higher) without compressing tloplgeal area and, at the same time,
be able to support the lumbar back. For this, tegt slepth must be lower than the
buttock-popliteal length [11, 12]. However, if tdepth of the seat is too small for the
gluteus-popliteal length (CGP), the thighs will rwve the proper support. So, the
compatibility criterion is according to Equatio73:

80% BPL< Seat Depth 95% BPL 3)

2.4.4. Elbow-Seat Distance (ESD) and desk height

The desk height is strongly related to the seahigi.e., the desk height depends on the
seat height. Thus, the desk height will be the sdithe elbow-seat distance with the
seat height. Desk height (from the seat) must Ihedmn the elbow-seat distance and 3
to 5 cm below this dimension [11]. Assuming the mestreme value of this last
condition, the criterion for compatibility is trdated by the Equation 4.

ESD< Seat to desk heightESD+5 4)
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2.4.5 Thigh Thickness (TT) and seat to desk cleagan

The clearance required between the seat and thenilest allow free movements of the
legs and, for this, it must be equal or higher ttienthigh thickness [10]. This clearance
is considered to be comfortable if it exceeds theekheight in 2 cm [7].
Based on these considerations, the match critésidafined by the Equation 5.

TT+ 2 < Seat to desk clearance (5)

3. RESULTS AND DISCUSSION

Considering the previous equations, the dimensafnthe existing furniture and the
children anthropometrics, it is possible to inféroat the percentage of (mis)match.
When two-way equations are applicable, if the fuma dimension is below the
minimum value is considered to be a “low mismatdhit is above the maximum value
it is a “high mismatch”. Between the maximum andhimium, there is the percentage of
children for whom the seat is compatible (“match”).

The seat height is considered by several authoteeastarting point for the design of
school furniture, being the "anchor" of the scheetl size [10]. From the analysis of the
charts in Figure 1, it is possible to infer thag #eat is too high for children between 6-7
years old (with a share of more than 93% mismattthis within the 8-9 years old
children that we have the highest % of match (~44%Xxhildren between 9-10 years
old, it turns out that the mismatch is due esshytia the fact that the seat height is too
low.

Seat height - Furniture type 1 Seat height - Furniture type 2

100% —pmw—wn 100% — — — —
80% — — —
60% —  —— 80% 1— | | | —
0% (— 60% — — — — —
20% — % — — E— -
[ 40%
67 7-8 8-9 9-10 20% — — 1
years years years years 0% e
" " 6-7 7-8 8-9 9-10
High mismatch | 93,2% | 65,4% | 29,0% | 14,9%
years years years years
= Match 6,8% | 283% | 44,3% | 37,5% — . . . .
= Low mismatch | 0,0% 6,4% 26,8% | 47,7% High mismatch | 100,0% 98,5% 90,2% 75,3%
W Match 0,0% 1,6% 9,5% 21,5%
M Low mismatch | 0,0% 0,0% 0,4% 3,3%

Figure 1: Percentages of match/mismatch of seat height.

According to the results presented in Figure Zethi®, in children aged 6-7 years old, a
still significant % (about 60%), for which the séattoo deep, i.e. the BPH of these
children is lower than the minimum value compatillgh the seat depth. In this

situation, there is a pressure on popliteal area tluses constriction of the blood
vessels, preventing blood circulation to the legs feet [11, 13].

The seat width has a high % of match with the widththe hips. The highest % of
incompatibility is on the group between 9-10 yeald So, 11.5% of children have a
width of hips higher than the seat width, whichlwépresent a narrow seat and will
result, most likely, in discomfort and restrictioms mobility [12].
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Seat depth - Furniture type 1 and 2

Seat width - Furniture type 1 and 2 100%
100% 80% I
80% 60% | —
60% 40%
40% 20%
) 0%
Zgé Y 78 89 | 910
? 6-7 7-8 89 9-10 years years years years
years years years | years High mismatch | 59,5% 30,9% 9,3% 1,8%
W Match 100,0% | 100,0% | 97,2% | 88,5% B Match 40,5% 67,4% 79,4% 69,6%
W Mismatch | 0,0% 0,0% 2,8% 11,5% M Low mismatch 0,0% 1,8% 11,4% 28,7%

Figure 2: Percentages of match/mismatch of seat width apthde

In this study it was found that the two types obkie used in Portuguese primary
schools are too high for their users. Figure 3 shtive percentage of children whose
elbow-seat distance is lower than the minimum vakgauired for the match between
this measure and seat to desk clearance.

Desk height

100%

80%

60%

40%

20%

0%
6-7 7-8 8-9 9-:

years years | years | yee
High mismatch| 0,0% 0,0% 0,0% 0,(
B Match 0,0% 0,0% 0,0% 0,(

Figure 3: Percentages of match/mismatch of desk height

The clearance between the seat and the bottone aélie has more than 70% of match
with the seat and desk type 1, being higher tha@%8n the case of the seat and desk
type 2, in oldest children (Figure 4).

Seat to desk clearance - type 1 Seat to desk clearance - type 2

100%
80%
60%
40%
20%

0%

100%
80%
60%
40%
20%

0%

6-7 7-8 89 9-10 6-7 7-8 8-9 9-10
years years years years years years years | years
W Match 99,6% | 97,3% | 93,4% | 74,5% ® Match 100,0% | 100,0% | 100,0% | 98,9%

H Mismatch| 0,0% | 0,0% | 0,0% | 1,1%

W Mismatch| 0,4% | 2,7% | 6,7% | 25,5%

Figure 4: Percentages of match/mismatch of seat to deskaclea

4. CONCLUSION

According the obtained data, the high values off%fismatch between the dimensions
of the primary schools furniture and the anthropwimecharacteristics of the user
population, in particular to seat depth and he@id the desk height, implies that it is
urgent to introduce changes in the existing schaoiiture.
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Of all the furniture dimensions considered relevarthe study, only the seat width and
the seat to desk clearance, features high matelesarhis finding is similar to that of
other studies, analyzed in the literature reviewteNthat in all situations, the furniture
examined had fixed dimensions.
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Abstract:

In Zagreb, the capital of Croatia, out of a total &2 tram drivers 573 are male drivers. From
the measured anthropometric measures of a suffi@aed random sample of 52 male tram
drivers from the entire population of 573 male trdnivers in Zagreb using statistical methods
the range of normal and maximum reach of arm amdithacromial range of the central 90%
were defined. Final results for the entire populatiaf 742 tram drivers in Zagreb will contain
ranges of anthropological measures between the fiiéittentile for female drivers aminety-
fifth percentile for male tram drivers. The frequentsed commands on the control panel for
manual serving in the tram cab must be located @m@Edantly within the normal reach of
drivers’ arms andtaking into accounthe bi-acromial range. The same results shouldaken
into account during the trangontrol paneldesign or reconstruction of trams in Zagreb. The
application of the presented results during theigteswill affect the reduction of response-
reaction time and reduce the difficulty of the trdrivers’ task while driving.

Key words: male tram drivers in Zagreb, static anthropometrieasuressufficient and
random samplecentral 90%, control panel design

1. INTRODUCTION

Already in 1985 during research [1] as part of théave” project of the European
Economic Community Michon considered that there wdatay in the cognitive
approach in relation to the behaviourist approacth¢ study of behaviour and reaction
of drivers. According to Fuller's TCI model from [2], the subjective feeling of
risk, instead of referring to the risk of collisiorefers to the difficulty of the driving
task. The difficulty of the driving task is compdréy a great majority of authors
(including Fuller) with mental workload. As inpuanables in the Fuller’'s TCI model,
there are three standard groups of factors: "tr&fivironment”, "transport means" and
the "human factor".

The open dynamic Fuller TCI (Task — Capability ifaee) model of “task demand
— driver’s capability” for drivers of road vehiclés also applicable for engine drivers
[3] according to Figure 1, and with certain modifions and finishing it can be applied
to explain the behaviour of tram drivers in a trdriver's working environment, which
is the intention of the co-authors of the resedlow. According to Fuller [2] the task
demand does not depend on its complexity, and tbdeimis applicable, with an
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upgrade also to the engine drivers in Croatia alttogrto Figure 1, and, in future
studies will be applied for the analysis of behavi@f tram drivers in B&H and
Croatia.
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Figure 1: Dynamic open TCl model of “task demand — engin&edrcapability”
interface in Croatia with the future developmentiap Source: Basic Fuller
TCI model [2] adapted and modified for rail traffic Croatia, 2012 [3]
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The engine drivers’ and tram drivers’ task demaagdethds predominantly on the
change of speed, unlike road vehicle drivers who daange at the same time both
gears and the direction. Fuller [2], as well as thejority of scientists after 2000
recognized the fact that the choice of speed isptimary solution to the problem of
keeping the difficulty of the task within the seteat limits, and the limits are subject to
the motivation influences.

The study of locomotive engineers’ behaviour in &i@ has proven the factors of
ergo assessment that affect the overall intensftysubjective disturbances from
cognitive perceptions of locomotive engineers dse dtransport means" factors, i.e.,
factors that may be closely linked to the desigtheflocomotive cabs [3, 4, 5]. Thus,
with cab design the driver's mental workload intignsf locomotive engineers and tram
drivers can be programmed. The model of Locomofivegineers behaviour in the
Republic of Croatia shown in Figure 1 is the bdsidler TCI model [2] adapted and
modified for rail traffic by Sumpor [3]. This modetspects and proves the effects of
"transport means" and "traffic environment" on thetors from the "human factor".

According to the open dynamic TCI model by Ray &wu[R], the factors from the
"human factor" also affect the drivers’ capability well as task demands, and among
the factors of "human factors" are factors conr@etdo a range of typical static
anthropometric measures for a sufficient and randample of drivers from the entire
population of tram driversThe value measurements of static anthropometrisores
presented in this paper have been rounded up tm.1According to the instructions
provided by Kroemer and Grandjean [6] 5% of thegbis and 5% of the smallest
individuals of the entire population of people fréine tram drivers should be excluded
(in the physical dimension to which the analysipliegs). According to Woodson, W. E.
et al. [7], for the maximum of accepting the useesjuests it is essential that the user of
the transport means (operator) is included in #sgh at the earliest possible stage, the
beginning of the development process, when thesystquirements are set. According
to Wilson and Norris from 2005 [8] and the guidebnof RSSB (Rail Safety and
Standards Board) from Great Britain, the curreidrfiies in research related to security
and group factors "human factors" include, amomgmothings, the evaluation of mental
workload of locomotive engineers and the cab tdeisign. The operating environments
of tram drivers and the locomotive engineers argy \&milar (especially at lower
speeds of passenger trains in the suburban traifficno level crossings as in B&H and
Croatia and with short distance between statiomsraad-rail crossings), because the
issue of control of a vehicle predominantly comesvia to timely change of speed.
During the design of new trains in and new tramshi& Republic of Croatia before
designing of driver cab the measurements of stttbropometric measures essential
for positioning the frequently and manually usechamands have not been conducted.

2. METHODS AND SUBJECTS

In this study the co-authors have used the sambatekogy as in previous studies
[9] from 2012 and [10] from 2013 to prove that tiamdom sample is sufficient. The
static anthropometric measures from Table 1 argestlto the laws of normal or
Gaussian distribution. According to Kav&triko et al. [11] a sufficiently large sample
is n > 30 from any basic set of the expected medrstandard deviatios

The mean arithmetic height or standing height mgear= 181.0cmfor the sample
n =52 male tram drivers in Table 2 was calculated aling to expression (1).
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- +n, +... 13
h,o=hth+.h 1 > h 1)
n n ‘=
The standard deviation of heiglat,.,= 6.1 cmfor the samplen = 52 male tram
drivers in Table 2 was calculated according to eggion (2).

I - I I I 2
J“"'\/n—lDZ (h - o) -\/HD;Ah 2

i=1

Deviation o. = 0.81 cmmean arithmetic heighbs, for the samplen = 52 males

tram drivers in relation to the expected mean Heigh at basic set of the entire

population of N= 573 malestram drivers in Zagreb, was calculated according to
expression (3), because the basic set of thefofallation N= 573 males tram drivers
in Zagreb is definite.

o, [N-n
g- =—41 ()
hn 2ln N_l

For the added control range the standing heitifato, for the central 90% from
Table 2, expressions (4.1) and (4.2) by Kroemer and Geandj[6] were obtained,

which connect percentilg arithmetic mearfn and sample standard deviati6f, .
500t =h, - 16500, (4.1)

950(¢ = h, + 16508, (4.2)

From expressions (4.1) and (4.2) follows expres§ioB) forAahgg, ascalculated
standing height range of the central 90% of thepdam
Ahg,,, = 50[c+950([c (4.3)

3. RESULTS

Table 1 shows the results of measurements of saticropometric measures for
randomly selected n = 52 male tram drivers in Zagaad for all static anthropometric
measures relevant for the construction of the obnpanel. The most important
anthropometric measures in the horizontal plantheftram cab are normal arm reach
hngr, Maximum arm reachy,g; and bi-acromial ranghy,. According to the results in
Table 1 standing heiglhtand massn are included in the body mass ind&MlI. Table 1
also shows the measured amounts for reach of eediesnuinhy;, and hand lengthg,

Table 2 presents the ranges of all measured amthrepic measureah, for the
entire random sampla = 52, the ranges of all anthropometric measuxbgy, for
central 90% (calculated) and the ranges of all rapibmetric measureghgg, for
approximately central 90% (selected from the mesbualues).

According to results from Table 2, it has been prothat the whole random sample
of n = 52 male tram drivers in Zagreb is sufficient, and thito each tram driver
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sample is sufficient for approximately central 9086, that the presented refer to the
central 90% of the entire male tram driver popolain Zagreb.

Table 1: Static anthropometric measuresifior 52 male tram drivers in Zagreb from
randomly selected sample
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Table 2: Ranges of anthropometric measures for all randaeligcted samples ofmn
52 maletram drivers and for central 90% (calculated) mpraximately central 90%
(selected from the measured values)

Anthropomet. Symbol Remark Amount (cm)
measure n=>52 | central 90%
h calculated - expression (1) 181.0 180.7
) Ah measured for g 52 - Table 1 168+192 /
p - srt]a_ndlng measured and selected fora4 171+189
eightin 5 _ i
balanced Abaos (Cj Iiuilazt'efg)expresgon / 170.9-191.0
standing postur
gp g, calculated - expression (2) 6.1 /
g; calculated - expression (3) 0.8 /
ﬁbr calculated - expression (1) 43.2 43.0
hpr—Sh0U|def Ahr measured for & 52- Table 1 37+50 /
‘t/)\{ldth- or | measured and selected for 45 / 39+47
lacromiay Ahygo | calculated - expression .
range in the 41,4243 / 38.1:48.3
area of shoulder| o ( ) .
joints h,, calculated - expression (2) 3.1 /
O calculated - expression (3) 0.4 /
h normal Hnd, calculated - expression (1) 46.6 46.7
ar—
aP,T; reach or Ahpgr measured for g 52- Table 1 41+50 /
working measured and selected for 4 / 44+49
distance from Ahngreos | calculated - expression / .
: 43.1+50.1
elbow to the tip (4.1,424.3) 3.1:50
?f the longest n, | calculated - expression (2) 2.1 /
inger
9 P calculated - expression (3) 0.3 /
h maximal Roner calculated - expression (1) 76.2 75.7
mdr™ Ahng | measured for n = 52Table 1 68+85 /
arm reach or
length of reach measured and selected for 3 / 71+81
from shoulder | AMmareos Cj";‘ﬂaztef 5 pression / 69.7:82.6
joint to the tip (4.14.2,4.3)
of the longest ' calculated - expression (2) 3.9 /
finger P calculated - expression (3) 0.5 /
h h of Nair calculated - expression (1) 91.2 91.1
egltre_mrji?jc a rﬁ] Ahgy | measured for n = 52Table 1 84+101 /
from the tip of measured and selected for n = 4 / 86+95
the longest ARirgoso c;ltlzuiaztef 3 expression / 85.4-96.9
finger to the (4.1,4.2,4.3)
most protruding| 0y calculated - expression (2) 35 /
part of the back -
Ot calculated - expression (3) 0.5 /

32



Proceedings of'5International Ergonomics Conference, Ergonomick320
June 12-15",2013, Zadar, Croatia

Table 3: Comparison of the mean amount ratio arm's lengthstanding height for the
citizens of the Republic of Croatia

Female: Male:
First years Locomotive
Subjects;| ~_Tram stwdents of | o drivers | engineers
drivers in | graduate study in Zagreb from all over
Zagreb of FPZ in Croatia
Zagreb
The total number o
subjects n in the randofn 36 34 52 50
and sufficient samplg
Total population N 169 55 573 1410
Age range (years| 30+55 22+26 29+64 28+53
The average attainmemt 455 240 472 449
of the age (years
Mean height valud 166.6 170.4 181.0 180.4
(cm)
Standard
deviationd,, (cm) 4.9 8 6.1 6.2
A range of sampld ] . . .
heightAh (cm) 155+177 160+182 168+192 165+194
Calculated height range
for the central 90% { 158.5+174.8| 160.8+179.9 170.9+191.0 170.2+190.6
Ah90% (cm)
Mean value of ratio o
arm'’s reach 0.42 0.42 0.42 0.42
and height,/h
Correlation coefficient
Rfor evaluating off ) ¢, 0.73 0.63 0.69
linear function
he=h.(h)
Year of measurement 2013 2013 2013 2012

Source: 2013 authors’ complemented own researchemudts of past research taken
from 2012 [3]

According to the harmonic analysis of Mdfet al. [12, 13] the ratio of arm's reach
and standing height is the harmonic numhén=25/64=0.39. According to the results
of measurements for 2012 and 2013 from Table B@fandom and sufficient sample n
> 30 due to the size of the studied population Ns thtio is always for the citizens of
the Republic of Croatil,/h=0.42 irrespective of gender, occupation, and attaint of
age, with the correlation of mean strength for9OB < 0.79 As expected, the function
of dependencé, = h(h) was closer to the linear dependence (R = 0.73ydainger
respondents, female students of the average ae of

By comparing the mean height value for female trdinvers in Zagreb (adult
females) and female students of the first yeargrafluate study at FPZ, the basis of
only one hypothesis from the scientific literat{td] has been partly confirmed:

« Female students have a greater mean height thdinfewhales (in Zagreb), because
the height of women starts to decline relativehm dttainment of age after the age of

25,
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 Due to the influence of the socioeconomic factbes female students are expected
to have additionally increased average height liatiom to their peers of the same
age who are not students; this need to be provieloyyeoncrete measurements.

3. DISCUSSION

The most frequently used commands for manual sgiivitram cab are: "dead man"
function, brake module, accelerator, horn or bdilection indicators, commands for
setting the points, and commands for manipulaticth® doors in passenger area.

New tram cabs in Zagreb have no leg-serving comsand

7 '--Figuré 2 (left) nd Figure 3 (right): Model TMK 2200 produced by Crotram
manufacturer’s consortium in Croatia which operategagreb

Figure 2 and Figure 3 show tram control panel @ nlew tram that runs in Zagreb.
Multi-purpose controller for the left arm in Zagreb designed for group-related
commands in connection with the changing of theedp@accelerator, brake modules,
and “dead man” function.

According to Figures 2 and 3 the position of a iflirpose controllein a new tram
cab in Zagreb is too much to the left and too miacthe back, in relation to the male
subject which is closer to the upper limit of tlaage for the central 90% of male tram
drivers fy = 173.0cm)

« outside of the range of normal arm reach,

» outside of bi-acromial range (shoulder width),

« outside of the field of vision of the tram drivevihout turning their head.

Simultaneously with this study, the authors of tiaper and all researchers
participating in the national scientific projectd@ghitive Ergonomics in the Function of
Traffic Safety Increase” have studied which factms also the dominant and important
factors of subjective disturbance from the tranvehs’ cognitive perception, from the
groups “transport means” and “traffic environmeritt a random sample of male and
female tram drivers in Zagreb.
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4. CONCLUSION

In this paper, it has been proven that the randammpse of male tram drivers from
Zagreb is sufficient for determination of specifinthropometric measures needed for
tram control panel design. Results include theilenthat are between 5% and 95%,
i.e. central 90% of the randomly selected and cieffit sample, i.e. central 90% of the
entire population of male tram drivers. Designirigddver cabs and control panels in
trams, without taking into account the measuremesitilts and the calculation of the
range of the most important anthropometric valuethée central 90% from a random
and sufficiently big sample of all drivers, may the reason of anthropometric lack of
suitability of the working space of the driver clv the central 90% of tram drivers
from the total population of Zagreb. Since the dastfrom the group “human factor”
are input factors in the open dynamic TCI modedidfers’ behaviour, and factors from
groups "transport means" and “traffic environmentfluence the "human factor",
inadequate design of tram cab may also resultdreased physical efforts in the static
seating working position (amount of lumbar momeinthe drivers depends on the body
mass index -BMI), increased perception-response time of tram dyivie the
circumstances of the need to change the speednaydbe the reason for the occurrence
of the subjective feeling of workload from the @nig’ cognitive perception. This paper
has proven the dependence of the standing humaghthen the age, gender and
occupation. The final results for the entire popiataof 742 tram drivers in Zagreb will
contain ranges of all important anthropological swgas between the fifth percentile for
female drivers and the ninety-fifth percentile foale tram driversThe goup-related
commands such as multi-purpose controller for maseiving are very good solutions
for commands associated with the choice of speecause the choice of speed is the
primary solution of the problem of keeping the idiffty of task within the selected
limits. However, in new tram cabs in Zagreb, thdtipurpose controller is outside of
the bi-acromial range, and it is not within themat arm reach.
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Abstract:

In Zagreb, the capital of Croatia, out of a total ®2 tram drivers 169 are female drivers. The
adaptation of tram control panel to a large shafe28% of female drivers in the total population
of tram drivers cannot be resolved with an ergonoseiat with eight levels of adjustment. From
the measured anthropometric measures from a seifi@and random sample of 36 female tram
drivers of the entire population of 169 female trdrivers in Zagreb using statistical methods the
range of normal and maximum arm reach and the lpiaial range of the central 90% were
defined. The final results for the entire populatiof 742 tram drivers in Zagreb will contain
ranges of anthropological measures between the fiftfcentile for female drivers and ninety-
fifth percentile for male tram drivers. The freqtigrused manually served commands on the
control panel in the tram cab must be located prashantly within the normal reach of the
drivers’ arms and taking into account the biacrohmiange. The same results should be taken
into account during the tram control panel designreconstruction of trams in Zagreb. The
application of the presented results during theigiesvill have impact on reducing the response-
reaction time and on reducing the difficulty of theem drivers’ task while driving.

Key words: female tram drivers, sufficient and random sampglethropometric measures,
central 90%, control panel design.

1. INTRODUCTION

The difficulty of the driving task is compared bygeeat majority of authors with
mental workload. Intense feeling of fatigue fromgoitive perception of drivers,
according to Ashton and Fowler [1], may be reasmmofccurrence of errors and may
affect the perception-response time. The open dimd@l model by Fuller [2] was
designed for road traffic, for simultaneous charigedirection and speed. TCI model of
“task demand — driver’s capability” is applicab&e £ngine drivers [3], and with certain
modifications and finishing it can be applied t@kin the behaviour of tram drivers in
a tram driver's working and traffic environment.rfow speeds suburban traffic for
passenger trains and trams is very similar, bectiuse is short distance between
stations and road-rail crossings. The differencéndriving trajectory between rail and
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tram traffic is the following: in rail traffic theoints are set from the local center, while
in the tram traffic the points are set manuallynfrthe tram cab by the tram driver.
According to the open dynamic TCI model in Figurdghke selection of vehicle speed is
determined by human factors. The task demand datedepend on its complexity, and
the drivers’ task demand depends dominantly orctizange of speed for all drivers [2]

The factors from the "human factor" also affect thizvers’ capability as well as task
demands, and among the "human factors" are factwreectable to a range of static
anthropometric measures for a sufficient and randample of tram drivers, from the

entire population of male and female tram drivevien the driver’s capability exceeds
the task demand (C>D), the task is easy. When therts capability and the task

demand are equal (C=D), the drivers act on thedyerdf their capability and the task is
very difficult, and only at that moment the subjeetrisk becomes equal to the
objective statistical risk. When the driver’'s caligbis lower than the task demand
(C<D), then the task is per definition simply toéfidult and the drivers cannot handle
it.
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Figure 1. Open dynamic TCIl model of “task demand — drivegpability” interface
Source:Taken fromFuller, R., 2005 [2]
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Besides, currently in Zagreb, in the year 2013dlae six different types of trams
running with five different control panels. The fioiransportation operator in Zagreb,
ZET, does not prescribe a standard which commitaufagturers of trams for the
Croatia market to standardize the control paneds,ttat all the frequently used
commands for manual serving (module acceleratogkeébrmodule, “dead-man”
function, horn or bell, commands for setting thenfg) direction indicator commands
and door manipulation commands) in all the tramsld:@lways be on the same side of
the control panel and served by the same hand.r8cgpto Wilson and Norris from
2005 [4] and the guidelines of RSSB (Rail Safetd &tandards Board) from Great
Britain, the current priorities in research relatedgecurity and "human factors" include,
among other things, the evaluation of mental wa#lof locomotive engineers and the
cab train design. Identical rules can be applietth¢odesign of tram cab.
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2. FEMALE STATIC ANTHROPOMETRIC FACTORS

Anthropometric variables are polygenetic factors] sheir distribution is the result
of multiple influences, factors of genetic and rgametic origins, according to Jurum-
Kipke et al. [5] Phenotype is the result of interaction of genatyaed many factors of
environmental systems. Thus, the phenotype vanataf some entity populations are
the sum of genotype variations and variations efambient systems that govern in the
ambient of the observed entity population, as easden from expression (1).

Fv=E,+G, 1)

where: F,— symbol of phenotype variation,
E, — variation of ecological factors, and
Gy — genotype variation.

According to Jurum-Kipke et al. [Shumerous anthropometric studies that refer to
the definition of the so-called static anthroporieetmeasures show also the differences
that result from the constitutional differencesviedn people, both regarding gender
and age, and regarding the body constitution. Adiogrto Ujevt et al. [6], age is also a
significant factor of body stature. The whole depshent of body dimensions reaches
its peak towards the end of teenage or in earlydtOsien, while women reach this
development a few years earlier. After maturity Hwely dimensions of both genders
begin to decrease with age which is illustrateBigure 2.

E T oal
men
female

" 0 -Zl-!:r-:r-.:r"‘l:[—]]‘]]‘

1 ; . .
w0 v Yo} (o] 7o)
2 & 8 < ®© &

age
Figure 2: Relative changes in body stature depending oraadegender, for men and
women at the age of 18 to 79
Source: Taken from Ujej D. et al., 2009 [6]

According to Ujewt et al. [6] socioeconomic factors also have a Sicamt
influence on body stature. Since a socioecononuimfaaffects the possibility of higher
education, it follows that the studies of studesitmost always indicate that they are
taller than those who are not gaining higher edaonatTable 1 gives comparative
overview of the standard static anthropometricalasnees for female population
according to measuring year, occupation and age.cbauthors’ measurement results
from Table 1 confirm that with age the mean heigfhthe female population decreases
after the age of 25. According to that, female stud of the first years of the Faculty of
Traffic and Transport Sciences at the graduateystnd statistically among the highest
groups in the entire female population in Zagrehicl proves the scientific literature
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hypothesis according to which the socioeconomitofachave a significant impact on
further elevated body stature.

Table 1: Comparison of anthropomeasures for female respasd® Zagreb, according
to year of measuring, occupation (socioeconomitofag and age.

Tram Students of the firstl
Female respondents in Zagrdb:drivers in | year graduate study gt
Zagreb FPZ in Zagreb
Total of respondents from random samplg 36 34
Total populatiorN 169 55
Age Range (year 30+55 22+26
Average (year 45.5 24.0
Mean heighth (cm) 166.6 170.4
Standard deviation for heigh# ~(cm) 4.9 5.8
Height sample rang&h (cm) 155+177 160+182
Calculated range of height for central 90%yq, (cm) | 158.5+174.8 160.8+179.9
Body mass range (kg) 55+135 52+85
Mean value of hand length and height rdiit 0.42 0.42
Mean value of shoulder width and height ratigh 0.22 0.22
Measuring yea 2013. 2013.
BMI Range (kg/) | 19.5:43.6 18.1+30.1
Average (kg/r) 26.7 21.7
Normal body mass n 17 31
BMI = 18.5-24.9 % 47.2 % 912 %
Overweight n 12 2
S BMI = 25-29.9 % 33.3% 5.9 %
m Obese n 7 1
BMI >30 % 19.5 % 2.9 %
Overweight and obesg n 19 3
BMI >25 % 52.8 % 8.8 %

The mean value of height for female tram drivergagrebh = 166.6 cmduring
the year 2013 from Table 1, in relation to the meatue of height for the entire
population of adult women in Croatia= 163.0cm according to Ujew et al. [6] from
2005, suggests a possible phenotypic effect ohisligcrease in height for the female
population between the years 2005 and 2013. Accgrth Kova-Striko et al. [7] a
sufficiently large sample is > 30 from any basic set of the expected mean and stdnda
deviations. However, it is necessary to verify the resulsnfrTable 1, by taking
measurements of a larger sample of women, inclufiamgale respondents from all
Croatia outside the City of Zagreb.

3. REQUIRED NUMBER OF RESPONDENTS TO DETERMINE THE
NORMAL AND MAXIMUM REACH OF ARM

A random sample oh = 36 respondents (as fon = 32 respondents in the
approximately central 90%) are fully adequate tecdbe the entire population of =
169femaletram drivers in Zagreb, all calculated under theuased expressions (2), (3)
and (4) for the evaluation of the sample [7]. Acling to Kroemer and Grandjean [8]

40



Proceedings of'5International Ergonomics Conference, Ergonomick320
June 12-15",2013, Zadar, Croatia

5% of the tallest and 5% of the smallest individual the entire population of people
from the tram drivers should be excluded (in thg/stal dimension to which the
analysis applies). It is necessary to include #tiles that are between 5% and 95%,
i.e. approximately central 90% of the randomly s&ld and sufficient sample, i.e. the
entire population.

The mean arithmetic height or standing height mgars 166.6 cmfor samplen =
36 of female tram drivers in Table 3 was calculatecbading to expression (2).

> h )

= _h+h,+..h, _1
n n 4

n =

The standard deviation of height = 4.9 cmfor samplen = 36 of female tram
drivers in Table 3 was calculated according to eggion (3).

I A R gl 1 & 2 3
ah”_z\/n—li (hi hn) ‘\/n-l%Ah ©

i=1

Deviation g, 0.7 cmmean arithmetic heighhss for samplen = 36 of female

tram drivers in relation to the expected mean Heigh at basic set of the entire

population ofN = 169 female tram drivers in Zagreb, was calculated according to
expression (4), because the basic set of totallppaN = 169 of female tram drivers
in Zagreb is definite.

0' —_
= m NN (4)
" %n VN-1

For the added control range the standing hetbkt for the central 90% from Table
3, expressions (5.1) and (5.2) by Kroemer and Geamd[8] were obtained, which

connect centile, arithmetic mearh, and sample standard deviatior .

50(¢ = h, - 16500, (5.1)

950(t = hy + 165(0,, (5.2)

From expressions (5.1) and (5.2) there follows esgion (5.3) for thethggy, as
calculated standing height range of the central 80%e sample.

Ah,,,, = 50(¢+ 950 ¢ (5.3)

Table 2 shows the results of measurements of saaticropometric measures for
randomly selectedn = 36 female tram drivers in Zagreb, and for all static
anthropometric measures relevant for the constmatif the control panel. The value
measurements of static anthropometric measureengegs in this paper have been
rounded up to 1 cm. In the same way as in this tehaguring the year 2012 in B&H
(Sarajevo), the static anthropometric measures wer@sured for male tram drivers by
Sumpor et al. [9].
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Table 2: Static anthropometric measures ffor 36 female tram drivers in Zagreb
from randomly selected sample
R’\?Sp- age BMI m h rbr hé hndr hmdr hdir
0. kg cm cm cm cm cm cm
64 48 29.0 79 165 36.0 17.0 40.0 670 8140
69 50 25.4 75 172 | 43.0 20.0 47.0 76.0 87.0
71 50 26.0 70 164 37.0 19.0 39.0 69.0 84.(
80 47 31.8 92 170 39.00 21.0 45.0 71.0 90.0
84 54 | 436 | 135 176 50.0 20.0 48.0 78.0 92.0
105 36 24.4 68 167 34.0 19.¢ 40. 70 79
116 45 33.2 85 160 34.0 17.Q 40.( 62.0 81.0

O
o
o

301 45 | 26.2 74 168 37.0 18.( 45.0 67/0 8.0
302 51 | 301 85 168 37.0 19.¢ 46.0 73]0 84.0
303 43 | 27.7 80 170 39.0 18.¢ 40.0 68]0 81.0
304 48 | 243 67 166 36.0 17.( 43.0 71/0 83.0
305 48 | 30.5 84 166 37.0 18.( 39.0 66/0 81.0

306 30 | 195 55 168 34.0 18.0 46.0 76.0 85.(

307 40 | 36.7 101 166 36.0 17. 46.0 73(0 814.0
308 46 | 26.1 79 174 41.0 20.( 43.0 77]0 84.0
309 49 | 221 64 170 41.0 20.¢ 43.0 68/0 83.0
310 49 | 273 70 160 41.0 18.( 41.0 66/0 74.0
311 38 | 23.9 65 165 34.0 17.Q 46.0 7410 830
312 43 | 204 61 173 35.0 17.Q 44.0 71]0 840
313 48 | 23.7 70 172 34.0 18.¢ 43.0 71]0 81.0
314 49 19.6 56 169 36.0 18.( 40.0 70/0 74.0
315 38 | 231 63 165 36.0 19.( 40.0 67/0 81.0
316 48 | 22.0 60 165 36.0 18.(¢ 44.0 73]0 81.0

317 44 | 36.3] 105 170 43.0 20.0 43.0 70.0 87.0
318 45 | 246 77 177 32.0 19.0 48.0 80.0 87.0
319 55 | 21.5 55 160 36.0 19.0| 38.0 68.0 79.0
320 51 | 231 60 161| 30.0 17.0 39.0 68.0 81.0
321 51 | 241 68 168 38.0 18.0 38.0 63.0 83.0
322 51 | 27.2 75 166 34.0 18.¢ 40.0 67]0 81.0
323 46 | 28.8 72 158 38.0 16.0 36.0 62.0 74.0
324 43 | 26.6 64 155 33.0 16.0 39.0 65.0 80.0
325 38 | 233 62 163 37.0 19.( 40.0 65/0 81.0
326 43 | 293 77 162| 43.0 20.0 41.0 67.0 82.0
327 48 | 24.6 67 165 39.0 20.( 42.0 65]0 8(.0
328 41 | 24.2 70 170 36.0 19.( 40.0 70/0 84.0
329 39 | 29.7 80 164 38.0 18.( 41.0 63/ 71.0

Table 3 presents the ranges of all the measurédogrumetric measureth, for the
entire random sample = 36, the range of all anthropometric measufbg..for central
90% (calculated) and the range of all anthropometreasureghyg,for approximately
central 90% (selected from the measured values).
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Table 3: Ranges of anthropometric measures for all randaeligcted samples of
n = 36female tram drivers and for central 90% or apprately central 90%

Anthropometric| Symbol / Amount for
. Remark
measure meas. unit n=236 central 90%
h/cm | calculated - expression (2) 166.6 166.6
h - standi 4h/cm measured far = 36- Table 2 155+177 /
h _shz?r_l Ing measured and selected foe 32 / 160+174
eigntin Ahggy, ,£m | calculated — expression ;
balanced (5.1,5.2,5.3) / 158.5-174.8
standing =
posture o, /cm | calculated - expression (3) 4.9
o. /em | calculated - expression (4) 0.7
h calculated - expression (2 37.2 36.6
hy — shoulder her / cm p (2) :
width . or Ahy [ cm measured far = 36- Table 2 30+50 /
biacrc;mi al Aeen fom measured and selected for 30 / 33+41
range in the bro0 calculated - expression (5.1,5.2,5B) / | 31.0-43.4
area of Oy Iem | calculated - expression (3) 3.8
shoulder joints Icm )
;. calculated - expression (4) 0.6
hngr — normal ﬁndr /cm | calculated - expression (2) 42.0 42.1
arm reach or Ah,g/ cm | measured far = 36- Table 2 36+48 /
vvprkmg Ah Jom measured and selected for 31 / 3947
distance from ndro0% calculated - expression (5.1,5.258) / 36.9:47.1
slfbt?]vev ltgntgees?p Oy, /em | calculated - expression (3) 3.1
finger o, /cem | calculated - expression (4) 0.5
himar— maximal Emdr /cm | calculated - expression (2) 69.4 69.2
arm reach or Ahggr/ €M measured far = 36- Table 2 62+80 /
length of Ahnareow; | Measured and selected foe 32 / 6377
reach, fro_m_ cm calculated - expression (5.1,5.25B) / 61.9:76.8
tsc??#édtiep: Jc())f”t]r:e g, . lem | calculated - expression (3) 45
longest finger - lem | calculated - expression (4) 0.7
hir — reach of Edir /cm | calculated - expression (2) 82.3 82.3
extended arm Ahg,/ cm measured far = 36- Table 2 71+92 /
from the tip of Ahe om measured and selected for 32 / 78+87
the longest dir90% / calculated - expression (5.1,5.258) / 75.6:88.9
m](?setr;;[?o:?fding Oh,, lem | calculated - expression (3) 4.0
partofthe back| g /cm | calculated - expression (4) 0.6

4. DISCUSSION AND CONCLUSION

In this paper, it has been proven that the randempte of female tram drivers from
Zagreb is sufficient. The final results for theismntpopulation of 742 tram drivers in
Zagreb will contain ranges of anthropological measibetween the fifth percentile for
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female drivers and ninety-fifth percentile for malem drivers. Disregarding ranges of
anthropological measurdsr the entire population of tram drivers simultaasly with
inadequate design of tram cab can influence negjgtithe increase of the drivers’
perception-response time, as well as the driveigestive perception of workload. By
comparing the results of the measured range ofhhdiy adult female population
(female tram drivers in Zagreb) and female studehtke first year of the FPZ graduate
study in Zagreb, it was detected a possible curwelatffect of socioeconomic factors
on the increased height of students, together thighinfluence of age (the average age
of female students is 24 and females reach relataw@mum height until the age of 25).
The measurement results from 2013 have confirmedhgpothesis of the possible
phenotypic variation of anthropometric measuredtierentire female population since
the last measurement in Croatia in the years 20052806, according to the medium
height of female population. Due to the possibléueachanges of anthropometric
factors for the female population, while designangyam cab it is necessary to conduct
one’s own recent measurements on a random andisuffsample of respondents. The
results in this paper show a higher share of 52.8vésweight and obese female tram
drivers compared with female students by the valiuthe body mass indeRMI. The
amount of lumbar moment of drivers in the statitirgl position dominantly depends
on the BMI, when frequently used commands for manually sgnare incorrectly
spaced within a maximum arm reach.
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Abstract:

This paper presents and compares the results aettanthropometric studies conducted on
female and male children aged 3, 4 and 5 yearsdani, Croatia and Turkey. Measurements
were carried out in Bosnia and Herzegovina by expeftthe Technical University of Bifian
the town of Bih& while measurements in Croatia were carried out ag2b by experts of the
Faculty of Textile Technology, University of Zagréfeasurements were carried out in public
and private nursery schools, and a total of 286drkin were measured in Bihawhile in Zagreb
812 children were measured. In the area of Turkegsmeement was performed in the city of
Trabzon and the number of measured children of @86 the same number as in the city of
Biha¢. The paper compares estimates of basic parametess as children's body weight (kg),
children's body length (cm), children's chest cmfarence (cm) and body height in a sitting
position (cm). Some relevant comments on the vatuall three countries, Bosnia, Croatia and
Turkey are given.

Keywords: children, anthropometry, comparison of dimensionsasrisa and Herzegovina,
Croatia and Turkey

1. INTRODUCTION

Anthropometric measurements of the human body Hmeen developed for various
reasons since ancient times. Performed anthropmmmeéasurements of the population
indicate morphological values and developmentatatdtaristics and diagnosis of the
health status of certain populations [1-4]. On Ifasis of anthropometric data certain
standards in different industries are defined. Aoplometric measurement is important
in designing products in the furniture industry, amenical engineering, transport
equipment industry, especially passenger cars, shusslway carriages, aircraft,

protective clothing and footwear, consumer gootts, &pplication of anthropometry in

ergonomics and design of furniture is of great ingmace because it significantly
increases the productivity of workers and ensutesr tsafety and health at the
workplace. For these reasons, the design and cetistn of furniture in the workplace

required characteristics of users, and in particatghropometric dimensions [5-8]. In
designing a product it is necessary to know theedsions of the body of potential
users. Man of the modern world spends half ofiféspgassively sitting, a quarter of life

lying, and only the remaining quarter in movemefhese positions indicate the
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importance of a systematic and interdisciplinarprapch to the solution of structural
types of furniture for sitting and lying. When #&it it particularly relates to a specific
user populations of furniture for sitting at workich as groups of students, office
workers and people of specific occupations in whteh body has the same long-term
position. Nursery infants and teenagers typicapigrsl 30-78% of their time sitting.
Harper [10] established the importance of furnitespecially constructed for the bodies
of children and for different positions and aciegt children occupy during sitting.
Anthropometric measurements of children aged 3nd % years are used to design
tables, chairs, beds, mirrors, TV stands, hangedsogher furniture [9-10]. It is known
that there are serious ergonomic problems in sshibakt may be associated with a lack
of anthropometric data and their application. Thainmsubject of this research is to
obtain reliable and accurate anthropometric measofemale and female children
which would be used for designing furniture [11]ff@ences in body measurements of
different populations in different geographicalasare evident. It results from this fact
that one product of the same dimensions is naalskgitfor different peoples.

2. METHODS AND SUBJECTS

The data were obtained from 286 children of norhedlth who actively visit public
and private nursery schools of Bén@osnia and Herzegovina) [2], Zagreb (Croatia) [6]
and Trabzon (Turkey) [7]. Nursery schools were el randomly, and children's
access to the measurement was on a voluntary basisery schools that were involved
in the project had children from different sociahda economic conditions. All
measurements were performed in 9 nursery schoolsthin area of Biha
Anthropometric measurements were performed in Zagnersery schools that were
randomly selected, and 812 children aged from&.5.4 years were measured [11]. In
Turkey, measurements were taken in 16 nursery $£hoothe area of Trabzon on
children aged 3, 4 and 5 years [7]. In Ril22 anthropometric dimensions of children
were measured, as shown in Figure 1, whereby 12mbions were measured in a
standing and 10 dimensions in a sitting position.atldition to standard measuring
equipment such as measuring tape and sliding caliee universal adjustable
anthropometric chair designed at the Technical ehsity of Bih&, and the goniometer
was used. The chair is adjustable for differentetisions on which vertical and lateral
profiles are built in. Modifications are possiblging the built-in bolts and platform for
the correct measurement of different dimensionsigitevas measured using scales.

a
7
6 -
5
[e—21—>|

Figure 1. Anthropometric measurements taken in a standidgséting position

—
4

The data for each measured child were enteredeimitsasurement list on the basis of
which a database with all relevant data was created
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3. MEASUREMENT RESULTS

Based on the results of measurements in both stumdisic statistical anthropometric
data of children of the town of Bithdn Bosnia and Herzegovina [2], the children of the
city of Zagreb in Croatia [6] and the province ohlbzon in Turkey [7] were obtained.
In the following figures and tables basic charastiess of measurements are shown.
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Figure 2. Distribution of the values of children's body Hdignd body mass aged from
3 to 5 years in the area of Btha

If we make the distribution on the basis of gerated compare the data from Bihand
Croatia, we obtain the following informatibn
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Figure 3. Comparison of the body height of children agedrfi3 to 5 years in Bosnia
and Herzegovina and Croatia
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Figure 5. Comparison of chest circumference of children agaieh 3 to 5 years in
Bosnia and Herzegovina and Croatia

From the previous analysis, which is shown in Fégu2 to 5, can be concluded that the
differences are quite small which is understanddidevever, concerning body height
and body weight a slightly more distinctive diffece is to be observed. Thus, we see
that children of Bosnia and Herzegovina, both nwid female, are for about 3 cm
taller than children of Croatia of the same age amdabout 1 kg heavier. Concerning
waist and chest circumference, differences are dfilght. The measurements of
anthropometric sizes of children in nursery schawdse made in the Municipality of
Biha¢. It was the first anthropometric measurementeniadBosnia and Herzegovina.
Tables 1, 2, 3 and 4 show estimates of basic paeasef the distribution of specific
sizes for children in Bosnia and Herzegovina, Geoahd Turkey using the results in
[4,6,10].

Table 1 Estimate of basic parameters of the distributibohildren's body height (cm)

Arithmetic Standard RANGE RANGE
COUNTRY Agelyears N average deviation Min. Max.
BOSNIA AND
HERZEGOVINA | 3.0-5.0 286 111.0 6.43 92.5 134.0
CROATIA 3.5-54 812 110.3 6.4 86.5 135.5]
TURKEY 3.0-5.0 286 104.13 6.35 84.6 113.6

Table 2. Estimate of basic parameters of the distributibreloildren’'s body mass (kg)

Arithmetic Standard RANGE RANGE
COUNTRY Agelyears| N average deviation Min. Max.
BOSNIA AND
HERZEGOVINA | 3.0-5.0 286 20.25 3.75 13.0 305
CROATIA 3554 812 19.35 34 10.0 34.0
TURKEY 3.0-5.0 286 - - - -
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Table 3. Estimate of basic parameters of the distributibohildren's chest
circumference (cm)

Arithmetic Standard RANGE RANGE
COUNTRY Agelyears N average deviation Min. Max.
BOSNIA AND
HERZEGOVINA 3.0-5.0 286 56.17 4.16 48.5 72.5
CROATIA 3.5-5.4 812 56.70 3.64 46.2 75.0
TURKEY 3.0-5.0 286 - -

Table 4. Estimate of basic parameters of the distributibohildren's body height in a
sitting position (cm)

Arithmetic Standard RANGE | RANGE
COUNTRY Agelyears N average deviation Min. Max.
BOSNIA AND
HERZEGOVINA 3.0-5.0 286 87.00 7.45 77.0 100.0
CROATIA 35-54 812 90.30 7.82 81.0 105.0
TURKEY 3.0-5.0 286 81.15 7.68 69.3 93.0

Tables 1,2,3 and 4 provide estimates of basic peters of the distribution of
parameters such as: children's body mass (kgHdrehils body length (cm), children's
chest circumference (cm) and children's body heightsitting position (cm). From the
previously presented tables it is evident that ildcen from the area of Bildaall
anthropometric dimensions are greater than thermBinas among children of Trabzon.
For some sizes the difference is negligible, winlesome other sizes, such as body
height in a standing position, body height in airgjt position, the difference is quite
apparent in all three countries. From the restittam be concluded that children aged 3-
5 years from the area of Bihac have all anthropdmeteasurements greater than the
children of the same age from the area of Traband,smaller compared to children of
Zagreb, and when it comes to mass the children ibh@Bhave the greatest mass,
followed by the children of Zagreb and of Trabztirfollows from above that children’
body height, and of course of adults depends omaté and geographical position.

4. CONCLUSION

From the previously presented analysis of the dhatained it can be concluded that the
anthropometric measures of children of Bosnia aadzégovina are greater than of the
Turkish children of the same age. If we could takiEew measures and the difference
express as a percentage, we would find that childfdBiha are by 6.87% higher than
the children of Trabzon. Also, body height in disg position was greater in children
of Bihat by 7.2%. From the results it can be concluded thitren aged 3-5 years
from the area of Bikahave all anthropometric sizes greater than thielrgn of the
same age from the area of Trabzon, and smallertbigaohildren of Zagreb, and when it
comes to mass the children of BiHzave the greatest height and mass, followed by the
children of Zagreb and of Trabzon. It follows frabove that children's body sizes,
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and of course of adults, depend on climate andrggbécal position. On this basis, the
clothing, footwear and furniture were designed this population of different
dimensions, ie, for children of Bosnia and Herzegay Croatia and Turkey. It is
desirable to harmonize space dimensioning with @ata anthropometric sizes of
people so that they are adapted to human beingsugh as possible. By making
anthropometric measurements every few years, possible to improve and facilitate
the conditions that impede and endanger healtindJsithropometric data to determine
the relationship of the human body and the worldpgce increases the quality, comfort
and safety of the workspace.
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Abstract

Resistance to water penetration is the most importglity of materials that should provide
adequate rain protection. At the same time, thoaterials need to be breathable in order to
evacuate the perspiration away from the skin amdnfthe garments. Within the meaning of all
above mentioned, this paper focuses at the dedigwaolayered materials and investigation of
their water vapour resistances.The results indicdted the samples produced from polyurethane
that comes from the copolimer of polyester/polyétave at least 6 times lower water vapour
resistance than those produced from the base ofophilic polyester. Because of higher
differences in obtained values, this is an imparfact that should be taken into account when
designing a product that will assure the optimal weamfort.

Keywords: rain protective,knitted fabric, polyuretleewater vapour resistance
1. INTRODUCTION

In the last decades, a significant increase indhmphasis is placed on comfort of
textiles, as well as their protective functions.eTattention was paid on complex
legislation and regulation of the workplace, agsult of the opinion that it is no longer
acceptable for humans to experience discomforb andur injuries. A consequence of
all staten resulted in development and exploatatibmew fibres, fabric structures,
finishing processes and clothing systems whose gsarpis to provide improved
protection, whilist maintaining comfort, efficieneynd well-being [1].

1.1. Protective clothing

Protective clothing is defined as clothing thatis®d principally because of the special
performance or functional characteristics, rathmant their aestetic and decorative
function. Therefore, such garment should in thetfpplace protect the wearer from
different environmental conditions, as well as #fiects that may result in injuries or
even worse. The personal protective textiles cadldmsified according to different end-
use functions that refer to the optimal protectisach as thermal, flame, chemical,
mechanical, biological, electrical, etc. The clfisation of protective materials is given
on the Figure 12].
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Specific chemical

|Cold prolection| | Heat protection |
protective clothing

Biological, military and
security suits

Civilian radiation
protection: such as
microwave protection +

and X-ray protection |Therma| insulationprotection| ‘ Medical textiles ‘

Oil and water
protective clothing

Nuclear protective textiles
for both industry and military

Biological protection «

\ l( Pesticide protective
/ clothing
Radiation protection |
| \ A 2 v __v v
—| Chemical protection |
Personal
| Electrical protection protective <
73 X textiles _| Invisibility protection |
| Electromagnetic protection ‘
Flame protection: such as fire
protection and military suits
| Electrostatic protection ‘ | Mechanical impact protection

A

as gloves and helmets

Industrial protection: such

Military protection: such as
ballistic vests and helmets

Sports suits and
protective materials

Transportation protective textiles:
such as air bags and seat belts

Figure 1: The classification of protective clothing
1.2. Rain protection

Resistance to water penetration is the most impbrality for an adequate rain
protection. Breathable garments evacuate the pat&pi away from the skin and from
the garments. When too much humidity has accunulilatehe clothing, condensation
occurs and the skin feels clammy. In cold atmospl@rcumstances, one risks to cool
down too quickly. Otherwise in warm circumstancté® rhythm of the heart will
increase and after some time there is a risk of $teess.

Water vapour resistance is a measure of the gaisranitity to allow water vapour to
pass through the fabric. According to EN 3838 the classification of materials in class
1 (water vapour resistance > 40) indicates higistasce or low breathability, while
class 3 (water vapour resistarrc@0) indicates high breathability or ability to tsgort
moisture (Table 1).

Table 1: Classes of materials according tQ\Rlues

Class 1 2 3

Water vapour
resistance (R,
m’Paw’

Ret<20

Ret > 40 20 Ret > 40

The Table 2 shows the effect of the water vapouym&netration ability on the

recommended continuous wearing time at differentkimg temperatures. The data
specify the maximum recommended wearing time faromplete outfit (jacket and

trousers) without a warm lining. The presented @alare applicable at a medium
physical load M = 150 W/f for an average man, at 50% relative humidity et
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speed y= 0.5 m/s. Effective ventilation openings and/oraks can extend the wearing
time.

Table 2: Recommended wearing time

Class 1 2 3
Water vapour resistance Ret > 40 20 Ret > 40 Ret < 20
(Re), MmPPaW? Recommended wearing time, minutes
25 60 105 205
Temperature of [ 20 75 250 -
working 15 100 - -
enwrooncment in 1o 240 _ _
5 - - -

1.3. Moisture in textile materials

The ability of fabric to bind the moisture from thenvironment is a significant
precondition for the establishment of thermophyxiatal comfort. In support of the
fact that the fabric's ability to absorb and transmoisture is essential for the
determination of material comfort, are the resaftsesearch showing that even a small
share of moisture in textiles (3-5%) leads to trenation of discomfort [4]. In addition,
due to the accumulation of moisture in the matetied thermal insulation of clothing is
reduced by 2-8% [5]. For the transfer of water wapirough the textile structure are
significant the following mechanisms: water vapadiiffusion and absorption and
desorption of water vapour in the fiber.

Diffusion of water vapour through the textile stwe can be realized through the
cavities in the textile structure that are filledthwair, or between the fibers [6]. For
structures that are made of hydrophilic fibersfudibn takes place in two stages. The
first phase takes place by diffusion Fick's lawd #me second, much slower phase, takes
place with regard to the relationship between tecentration gradient and the flow of
water vapour [7]. Specifically, both hydrophilibérs absorb water vapour, it leads to
their swelling what reduces the size air-filled g between the fibers and thus the
diffusion process slows down.

Hygroscopic textile structures bind water vapownirhumid air that is above the

surface of the skin that sweats and release herdty air. The amount of water vapour
that the material can bind, depends on the tydgief and humidity of atmospheric air.

If the dry textile material is located in areashwlitumid air, the fiber absorbs water in a
way that binds molecules from the air and transfeesn into its core. Otherwise, when
the material is wet or damp, the release of moksctibkes place while the material
dries. Over the time, the equilibrium of moistuentent in the material and in the air
establishes, while the difussion of the water malkeés still going on in both directions

The chemical fibers (in particular fibers producefl synthetic polymers) have

significantly reduced ability to absorb in relatiamthe natural fibers. In such fibers, due
to poor holding capacity of moisture from the atptesre and from the surface of the
body, the machanism of adsorption on the surfadéofus materials has a significant
role.
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2. EXPERIMENT
2.1.Materials and structural properties

Six knitted fabrics with different structures (dgsations PU1 — PUG) were designed to
observe the differences of water vapour resistaficey were all 2-layered, consisted of
knitted fabric that served as supstrate (eitheglsifersey, interlock or locknit) and
polyurethane coating. All samples were coated uttieisame conditions, on the same
coating line, with two polyurethane coatings: frtm base of hydrophilic polyester and
copolimer of polyester/polyeter. Polyurethane wagliad to the knitted fabric using the

transfer procedure.

Table 3: Investigated materials and their properties

Layer Structure of Mass | Thickness | Structure of Mass | Thickness
knitted fabric | (gm?) (mm) knitted fabric | (gm?) (mm)
PU1 PU2
Supstrate 4 110 0,68 109 0,50
igI jersy Interlock ]
Copolimer of Copolimer of
Coating polyester/ 77 0,16 polyester/ 77 0,16
polyeter polyeter
PU3
Supstrate 279 0,77 0,68
‘Locknit Single jersey
Copolimer of Base of
Coating polyester/ 77 0,16 hydrophilic 81 0,16
polyeter polyester
PUS5S
Supstrate| 109 0,50 0,77
Interlock ]
Base of Base of
Coating hydrophilic 81 0,16 hydrophilic 81 0,16
polyester polyester
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Preliminary measurement of resistance to water tpgin using the hydrostatic
pressure test [8] showed that the values for digihed samples are higher than 20 000
Pa, what makes them adequate for the productioairpfprotective clothing.

The results of mass and thickness for used substaaie given in the table 3. The mass
of polyurethane coating, as seen from the sameeTabk either 77 or 80 gfnand
thickness 0,16 mm.

2.2. Measurement of water vapour resistance

The water vapour resistance of produced materimith(knitted fabric substrates and
coated knitted fabrics) was measured using the tavgeguarded hotplate (SGHP)
produced by Measurement Technology Northwest. TB#HFS simulates processes
occurring next to the human skin, i.e. the transfeheat and water vapour from the
skin, through the layers observed, to the enviramn@]. During the tests of water
vapour resistance, the sweating guarded hotplate phkaced into an air conditioned
chamber where the following conditions were essdigid and maintained: 35°C and
40% relative humidity of the air. The velocity dfflow was 1 m &.

3. RESULTS AND DISCUSSION

The results of measured water vapour resistanceldsigned materials PU1-PU6 are
given on the Figure 2.

PUG

PUS

PU4

PU3

PU2

PUL

D 100 200 300 400

Water vapour resistance, m2PaW1

Figure 2: Water vapour resistance of investigated materials

There is a wide range of obtained values of watgrour resistance for investigated
materials, i.e. 48 - 346 faW". It is well seen that a type of coated polyurethans
significant and dominant influence to the totalueabf heat resistance. In this way, the
samples produced from polyurethane that comes frdm copolimer of
polyester/polyeter (materials PU4-PU6) have reststa ranging from 54 to 80°RaW
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! while those produced from the base of hydroplglityester have values that are at
least 6 times higher. The staten has confirmedttiematerials coated of polyurethane
from the base of hydrophilic polyester indeed digantly contribute to higher
breathability of clothing item. Considering thetaibed values and classification given
in the Table 1, all samples are in the class 1 fR&d) what indicates high resistance to
the transfer of water vapour and, at the sam titog; breathability. The reccomended
wearing time for outfits made of such materials tidbe up to 240 minutes if the
temperature of working environment is 10°C, or lesswarmer environments (Table
2). The lowest values are obtained for the fabirét tonsists of interlock substrate and
coating on the base of hydrophilic polyester. Tfeee a design of future materials
with optimal breathability should be based on tlaenad structure. The influence of
substrate type is also well seen. In both groupsnaferials that were coated with
different polyurethane type, the highest value afew vapour resistance is obtained for
material that has a locknit substrate (mass of@#$and thickness of 0,77 mm).

5. CONCLUSION

In this investigation are measured materials thatewdesigned to differ in fabric
supstrate and type of coating, but to be functi@mal to give approximately the same
resistance to water (rain) penetration. The presemvestigation indicated that a type
of coated polyurethane has significant and domiirghtence to the total value of heat
resistance. In this way, the samples produced fpoiyurethane that comes from the
copolimer of polyester/polyeter have at least Ge8rtower water vapour resistance than
those produced from the base of hydrophilic poBredecause of higher differences in
obtained values, this is an important fact thatuthdbe taken into account when
designing a product that will assure the optimaame@mfort.
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Abstract

Infrared thermography is a method of contact-fresmperature measurement providing
temperature distribution on the surface of the obsé object. Today it is widely applied in

almost all branches of human activity. The advaeta infrared thermography is that it is a

method whose application does not disturb in any thaycurrent state of the object. The results
of the thermogram analysis can be obtained as &@heevof temperature, temperature distribution
as a line or histogram display of certain temperatinterval defined by the percentages of the
thermogram. In this paper the infrared camera isdi$or testing the thermo insulating element
on the subject. The measurements were conductduaida states: in deflated and inflated state
and subject without thermo insulating element. Téstge shown that the thermal insulation
element has good insulating properties.

Keywords:Infrared camera, thermo insulation, isothermaltdizution

1. INTRODUCTION

Infrared thermography is a contact less measuremesthod for determining the
temperature distribution on the surface of objegtsneasuring the intensity of radiation
in the infrared region of the electromagnetic spaut Thermography term derives from
the Greek wordgherme- heat andgrafein - write. This means that thermography
implies that after the measurement a permanentdesfothe measured values remains.
This entry is called a thermogram. Every body $neihvironment emits electromagnetic
radiation, whose intensity depends primarily ontibely surface temperature. If a body
temperature is higher than about 600 ° C, humary badiates visible light, ranging
from dark red to lighter shades, as the temperatizes. At lower temperatures,
radiation is invisible to the human eye and isezhlhe infrared (lat. infra - below) [1].
Since infrared radiation emitted all bodies depegdin their temperature, following the
blackbody radiation law, thermography allows you"teatch" environment without
visible illumination. The amount of radiation inemes with temperature, therefore
thermography allows to see changes in temperahenecé the name of thermography).
Seen by thermographic camera, warm objects stahdvell compared to the colder
background, humans and warm-blooded animals beeasigy visible in relation to the
environment, day and night.

The radiation heat is the heat transfer mechantsa é¢xclusively depends on the
temperature of the body and the condition of it$azie. All body temperatures above 0
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K radiate heat. Unlike the conduction and the cotiwa, radiation does not require a
material medium to take place and does not departtietemperature gradient media.
In the electromagnetic waves spectrum, thermahtah exists in the wavelength range
3-400 nm - ultraviolet (UV) radiation, from 0.4 @76 um - visible light, and especially
in the wavelength band 1-10Qén - infrared radiation [2].

2. THE WORKING PRINCIPLE OF THERMAL CAMERA

Thermographic system consists of the infrared @&jera and thermogram processing
unit (PC). In the IR camera is integrated optiodtared radiation sensor, the unit for
converting an electric signal in the video, the itmrand card storage. The computer is
used for processing of IR images by specific saftwand the data it retrieved from the
card which is located in the camera, Figure 2. Hthe characteristics of
electromagnetic radiation are equal to the entieeteomagnetic spectrum, the used
optics in IC devices in form is similar to that @fiotographic equipment, but different
in material from which it is made. The materialedifor making the lens must be
transparent to infrared radiation, namely, germanizinc sulfide, zinc selenide for
infrared longwave radiation and silicon, sapphipeartz or magnesium for midwave IR
radiation [3].

almquhm: I’,’ signal

object migg processing  visualization

(thermogram )

= IR detector .

Figure 2: Schematic representations of thermal camera [4]
2.1. Application of infrared thermography in the field of textile engineering

In the field of textile engineering is the most e&pread application of thermography in
the examination of insulating properties of clothiThe method used to gain insight
into the distribution of temperature on the surfatéhe skin in different environmental
conditions and in different clothing sets. As thengemperature is one of the important
indicators of the heat exchange between body andromment, the temperature
distribution on the skin is an essential factortfoe evaluation of thermal comfort. The
first line examines is the clothing worn duringrexhe low and high temperatures, such
as protective clothing (e.g. firefighting clothinghd wear for special purposes (e.g.
military and police uniforms). Thermography alsoves to evaluate the performance of
clothing for personal use [5]. The attempt was $e this method for evaluating the
apparel fit and clothing pressure on the body arflience the activities by varying
intensity on the temperature distribution [6]. he tarea of fabrics testing, thermography
is used for damage assessment and electroconduaiixen textile [7], etc.
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Advantages and disadvantages of thermography

Advantages of thermography are numerous, as follows

* Displays a visible image so that they can compamgeratures over a large area
» Capable to capture moving targets in real time

 Can be used to measure inaccessible and dangdemes

 Can be used to find defects in metal parts

» Can be used for better vision in dark areas.

Limitations and disadvantages of thermography laeefdllowing:

» Thermal cameras are expensive

» Recordings are difficult to interpret in the cadebjects with inhomogeneous
temperature

* Precise measurement of interfering uneven enifgsawnd reflection from other
surfaces

» Most cameras have * 2% accuracy or worse, andadras a precise as contact
method

 They can directly observe only the surface temjpee.

3. EXPERIMENT

For testing with thermal camera was purchased &M ® HR camera (Figure 3),

firm Infratec GmbH. With the camera is purchasethpoter software suite IRBIS ® 3
Professional for thermal image analysis. Table dwshthe characteristics of thermal
imaging cameras.

Figure 3: VarioCAM ® HR thermal camera

VarioCAM ® HR camera displays, on your screen il tame, a clear image of the heat
distribution of the object being viewed. Laser peinhas the function of marking a
particular (central) point on the object to locdte exact place from which the
temperature value to read. The screen shows thpetature distribution of various
shades of color, and the numerical value of tharmmim and maximum temperatures of
objects displayed on the display device.
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Table 1: Technicalspecifications of VarioCAM &R camera

Spectral range (7.5 ... 14

Detector microbolometer Focal Plane Array, uncooled

Detector format (pixel) (384 x 288) or (320 x 240)

Temperature measurement range (-40 ... 300) “@reh 1,200 °C

Measurement accuracy +1.5K (0 ... 100) °C; + &90 bzw. > 100)
°C

Temperature resolution 30 °C Better than 0.08 B.05 K (premium Mode)

IR-frame rate 50/60 Hz

Standard lens (object field) 25 mm (30 x 23)°2% k 19)°

Image storage SD card

Dynamic range 16 Bit

Interfaces PAL/NTSC-FBAS, S-Video, RS232, FireWire
(IEEE 1394)

Power supply Standard, off the shell Li-lon batt@yyick
rechargeable, with status display)

Operation temperature, encapsulatiot15 ... 50) °C, IP54

Dimensions (133 x 106 x 110) mm

Weight 1.5 kg (complete system)

3.1. Recording the thermoinsulating chamber with termal camera

The measurement of thermoinsulating chamber wighntlal camera was conducted in a
darkened room in order to minimize the impact ghtireflection. The measurement
distance from the camera was one meter. The fiiebting was recorded without

thermoinsulating chamber and to the front, rearlatetal sides. Then the subject clothe
on a thermoinsulating chamber. The next recordiag warried out after half an hour
after the subjects clothe thermoinsulating chamb#ming was also conducted in all

three sides (front, rear and lateral sides). Thernhe thermoinsulating chamber is
inflated the pressure of 50 mbar and again waitedhilf an hour before the new

recording. The described process of recordingagfgcally shown in Figure 4.

recording without

thermoinsulating chamber recording with inflated

thermoinsulating chamber

recording with non inflated
Beginnning thermoinsulating chamber

0 min 30 min 60 min 90 min

Figure 4: The recording process with thermal camera

4. RESULTS

Figures 5-7 shows isotherms measurements madeheitimal camera. The isotherms
are divided into six ranges.

60



Proceedings of'5International Ergonomics Conference, Ergonomick320
June 12-15",2013, Zadar, Croatia

Figure 5: Isotherms of front parts: a. without thermoinsinigichamber a, b. with non
inflated thermoinsulating chamber, c. with inflathérmoinsulating chamber

a. ] ‘ C.

Figure 6: Isotherms of back parts: a. without thermoinsatathamber a, b. with non
inflated thermoinsulating chamber, c. with inflatkérmoinsulating chamber

Figure 7: Isotherms of lateral parts: a. without thermoiatinly chamber a, b. with non
inflated thermoinsulating chamber, c. with inflatkérmoinsulating chamber

5. DISCUSSION

To test the thermoinsulating chamber is used higelution thermal camera
VarioCAM ® hr, and the obtained thermal images precessed in the software
package suite IRBIS ® 3 Professional. With abovetineed equipment the recording
of the thermoinsulating chamber is made on subjecton inflated and inflated state
(the pressure in the insulated chamber was 50 mbag a subjects torso without
thermoinsulating chamber.

The assaying of thermal images, it is clear thatehis a significant difference in the
temperature distribution throughout the torso objsct without thermoinsulating
chamber and subject who carry an inflated thernutétisig chamber. Looking at the
temperature distribution along the torso of subjeled wears inflated thermoinsulating
chambers are observed higher temperatures in ter epest and back area. The reason
for this is that these parts of the heat insulatihgmber better fit the body of examinee,
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while the lower parts of the thermoinsulating chemtouch the body of the examinee
smaller, and in this zone there is free flow of iemvment air. Further analysis shows
that the temperatures observed in the areas dbdtg even more when the examinee
carries the non inflated thermoinsulating chamber.

It is interesting to note the temperature diffeesint the face of the examinee in three
mentioned cases (without thermoinsulating chamiéth non inflated and inflated
chambers). In subjects with inflated chambers Hoe temperature is the lowest, while
at the same subjects without thermoinsulating clemp the highest. The above
suggests that thermoinsulating chambers have goudaiting properties and held body
heat and therefore there was no need to furthevaéetthe body's mechanisms for
regulating body temperature via the bloodstream.

6. CONCLUSION

Infrared thermography is used today in nearly edinshes of human activity. There is a
growing use of thermal imagers in the field of tlexand apparel industry, especially in
testing of protective clothing and clothing for sjgé purpose. Good application of the
thermographic camera is a non-contact measuremengaick response, and the bad is
influence of emissivity and geometry of an objéidtis paper shows the temperature
distribution of thermoinsulating chamber for thefradaptive clothing in non inflated
and inflated state (the pressure in the chambeb@asbar).
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Abstract

In this article we are going to deal with the pretsi of constructing wood based
products. We will mention the rules and regulaticais construction and at the
preparation of those constructions to be readytlfa production process. At the end of
the work paper, we sill mention the problems ofdbmstruction of the furniture within
the three groups of furniture products.

Keywords: Construction of the furniture, Recommendation fornifure construction and
problems of construction within an ergonomic recomadagion

1. INTRODUCTION

Ergonomic furniture is any furniture item that issigned to allow someone to use the
furniture without suffering from repetitive stregguries. Those who design furniture
ergonomically follow a set of scientific principlésat people use the furniture in a way
to remain healthy, while maximizing performance g&romic, also called human
engineering, is the study of how the human bodyke/and interact with objects.
Designers and manufacturers take into account hothr@ometry, posture, and
repetitive motion affect the user to come up witible solution for furniture design and
space design.

Since people come in many shapes and sizes, antheipy as study of measurement
of the proportion, size, and weight of the humadybbelp in designing ergonomically
suitable products for men, women or children.(5)

Good ergonomic design takes into considerationeseattanding, reaching or moving
posture for avoiding stress on the user’s backpbkis arm muscles or feet.

All of the mentioned factors go into creating effittly designed and constructed
furniture for people to function better and be mpreductive. Long term damage to the
human body or related injuries can be minimizedwwided.

All the principles of furniture construction aresitgned according to the ergonomic
recommendations and presented in the followingtdéin
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2. CONSTRUCTION OF WOOD BASED PRODUCTS

The word “structure” has its roots in the Latin fhstruere”, which translated means to
build, create, edit, design, etc. Design of thedpots represents the first stage of the
manufacturing process and all of the other furfifeases such preparation, drafting and
final product manufacturing are directly dependimgdesign.

Furniture production is based on a technologicatess that is accurate and predefined
manufacturing process of a product, semi finishedlpct, or part of the product.
Manufacture of furniture an integrated process isbed of: production planning and
evaluation of production programs, procurement afv rmaterial, drying, cutting,
machining, assembling of products parts, surfaeattnent, assembling of products,
product packaging, its internal and external transgion.

Requests for furniture are:

- Functionality

- Structural requirements suitable for developmenstoficture that should be
characterized by rational use of raw material, Wilitg, strength, firmness,
techno logicality and reliability in application.

- Technological requirements that are influencedHhwytype of production and
state of the technological process.

- Technology — economic requirements that determom-effective products,
technical control requirements, and all other psses till the final customer.

- Esthetic requirements that determine unity of d@sthend functionality of
product characteristic. The esthetic of furnituseréflected in harmonic line
components of the product, some product groups,tlagid relationship with
the interior and architecture.(4).

Easy operations in designing today are enabledsinyguthe 3D software. A big

advantage of the software is speed and constasibjildg of introduction changes

into the project that makes it easier for manufessiand resellers.

Most software packages are 3D, because it is pedlgtia new generation of

software package for designing. Engineers in thay wan create virtual models of

their projects and products. This significantly epe up the process of work,

because they are able to control more. Using 3@vaoé, we can drastically reduce

the number of production errors, which may occuremlviewing tolerance and

therefore significantly reduce production costsisTivay we avoid great waist

while the process of design becomes a competitivargtage.

Constructing is a complex of different technicdledretical, experimental, and

information process that takes a place in a soaabnomic, technical and

technological environment. The task of constructimgcess is to create optimal

product under the given circumstances within thertslst possible time and with

the least cost.

There are two different types of constructing:

1. Construction as the subject of design

2. Constructing as the method of artistic represestiattf construction that
comply with the rules and standards of technicalniing, manual methods or
computer programs.

64



Proceedings of'5International Ergonomics Conference, Ergonomick320
June 12-15",2013, Zadar, Croatia

The subject of design in the wood industry referthe final products, which are made
of wood and wood materials. Besides wood mateniathe preparation of the final
products are also used non-wood materials sucheta,mglass, fabric, leather, ceramic,
plastic, and similar. Constructing activities ocaithin business system in two places.
In subsystem development function where existsegparate function exists. In the
process of product development, designing makes ohethe phases in the
concretization of new product, which is the teclgatal processing or redesigning.
The second location is in the production under fsuiation of production preparation
or immediate products making.
In the constructing phase of wooden product, coiméise fore the ability and creativity
of designers to use the acquired knowledge in sghiechnical problems using
standards, alternative solution, catalogues of laimproducts, catalogues with
elaborated variants of shaped constructions etd. tanoptimize the solution to the
limitation of materials, technology and economici addition to knowledge of
constructing rules, the constructor which use casmpior performance of constructing
phase needs to know technical design as well.
Phase of construction begins in the product devetoy process based on conceptual
solutions designed and used to complete the dodiatiem of the product development
or prototype product. Technological processinghaf tonstructor-technologist defines
the factors necessary to produce samples usedfstraction, grading and testing of
quality factors. Decisions during constructing stadfect all other stages of the product
life cycle and have a major impact on productiostspespecially the new products.
Research of constructing process showed that insiflesame exists intuitive
(unscientific) and discursive (scientific) way ofiiriking in solving constructive
problems and decision making.
- Intuitive way is based on empirical (experiencejthaut basic scientific
knowledge, research experiments, calculation, agid#l conclusions.
- Discourse methods are based on the results oftsce@rsearch experiments,
calculations and logical conclusions.
- Systematic or methodical constructing allows itl&velop algorithmic process
and solves by use of electronic computers.

Research is mainly carried out in three directions:

- Finding new methods

- Developing new methods by combining the known mesho
- Improvement of known methods due to efficacy

2. SOME EXAMPLES OF CONSTRUCTION OF WOOD BASED
PRODUCTS

The design process and its involving in the fumatundustry as well as the
development technologies of its production affeet¢onstruction of product.

As a result of technology development, the techesquere also modified.

Continues changes of furniture appearance basedeativity of designers work make
influence significant towards construction prociessertain furniture units.

The majority of wood workers are artisans, ratt@mtdesigners in the modern sense
and the furniture production world.(1).

The furniture industry would continue to constriamiliar objects and products, using
the same basic tools, methods and materials. Btaicefashionable workshops and
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factories are producing innovative designs forntli@ealthy enough to pay for, what we
call today ‘development costs’. Since these innowat have to be tried and tested for
certification, before they become part of the wbdgs or production repertoire, they
need to be approved by construction engineers.

Design created to be constructed into functionatifure is not easy to construct and
prepare for production. As we know from studiesaothropometry, in order to be
functional, most products and items of furniture barelate in some way to the human
body.

However, anthropometry and ergonomic — the statitsciences concerned with
comparative study of the human body and how ittesldo its environments, defined
most of the needed conditions. But, to satisfyeéhsmnditions and recommendations in
one hand and in the other to construct the prodihath will satisfy the quality of the
product within modern recommendation and standards, have to take care of both
recommendations and construct a wood based praghich will be producible in
production process.

Hereby, we present few examples of the problemh which construction engineers
are facing in factories.

First, we present so called near-perfect backatessit

Figure 1: The near — perfect back (ergonomic back rest) chair

The ergonomic typist chair is designed to be cotafile for people of any stature and a
draw-leaf table is an example of compactness cduplih flexibility. But, a chair
mainly must support the user in such positions lileadr she can function comfortable.

If the chair has arms, sit-downs and gets-ups béllwithout difficulties. It must be
strong enough to bear the weight of the persorligkt enough to be moved without
effort. (3).

To construct the chair that would be reasonable fedable for the majority of
population, designers base their work on standargmsions, but to confirm precise
height, shape and angle of chair's componentsait be necessary to make a mock-up
of the critical elements or to test and modify agridetails as work progress.

The following elements ‘as example’ for chair constion should be respected:
Padding, because it improves chair comfort

Seat width, provides generous clearance

Seat angle which usually slopes slightly backwards

Seat depth, not deep to press on the back of ¢jseoleto relieve the discomfort
Angle of back rest which should be adequate

Position of back rest which should support the heidgbrtion of the user’s
back

Arm height which supports the forearm at the comafale level

oakrwnpE

~
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8. Seat height, the front rail should be acceptabtempress on the backs of the
thighs uncomfortable

The above mentioned elements should be strongheotsd on the construction of the
chairs. The problems here are not the recommendedndions but their accurate
implementation inside of the production processhwill types of machines in
manufacturing lines. If they are not constructedrextly, they create uncomfortable
consequences on the user’s body.(3).

The table construction, need no more than a flgfase supported at a height
that is convenient for dinning, studying, typing eerving tables. They have
experimented with table tops to assure the begpeslamd size to accommodate the
average needs of users, and its type of work ayausadifferent places and ambient.

Figure 2: Specific table construction — Jual Curve curvedemfable

The third type of construction is construction ¢drage-unit of furniture. When we
speak about storage-unit of furniture, we refevéwdrobe, bureau, bookcase, or dresser
which indicates their function and also their plagehe house or other premises. In
furniture production we classify them in shelvesawiers, and cupboards, in whatever
combination provides the most convenient and dffeaise of space either for kitchen,
bedroom, office or elsewhere. The basic principfeconstruction here is to use
recommended dimensions that allow an average (haigh weight) size person to
reach the top shelf or gain access to the back @ipdoard without stretching. The
built-in storage units are special construction rghtmodules” that are bolted side by
side or the hall frame in one unit and the innerstauction are adopted to the needs of
user as well as the front doors with different mate to build in.

Figure 3: Storage unit — Alterton furniture Regence slim oabi

Hereby we want to mention that presently constouctif all types of furniture is
supported with very well developed software or catepprograms implemented in
CAD/CAM systems. Software’s for furniture desigrdasonstruction are developing
rapidly to the level of including plug-ins for geaéng built-in units furniture pieces
and sets.
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3. CONCLUSION

From the above mentioned material we can concloeldailowing:

1. The construction of wood based products is affettgdapidly developing
technologies for the production of final products.

2. The basic principles of construction methods of @vdmased products are
clearly defined and mostly respected in the prdamaraof materials for
production and the construction process itself.

3. The need for functional furniture made the constomcprocess more difficult

where the constructor should carefully take in adgrsition the recommended
elements of different regulations and standardscéstain products especially
concerning ergonomic.

The three mentioned groups of products (chairdesatand the storage units)
have certain recommended elements of constructidmetassured during the
construction process and the preparation for tslgpection.

Different software’s were developed as for designireeds as well as for
construction needs for most products where alhefrecommended elements
from different regulations and standards are alfeautegrated in the
software’s themselves.

Ergonomic and anthropometry as specific sciencéetaed the construction
process of all types of products planned for humasage. The
recommendations of the researches are carefully ipuall regulations and
construction process. Using ergonomic principles oaprove performance
and reduce injuries at the usage of furniture.

At last to construct the ergonomic design it is soteasy and not enough to
follow only the standards recommendations, buith@tidisciplinary process
which assure comfortable product and product whigh be produced with
high quality and safety in usage and processing.
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Abstract

The lighting of three office workplaces, which kreated on different sides of the
building, were measured. Measurements were perfrmith respect to different times
of the day, and with respect to weather conditidbhsasurements showed that the time
of the day and weather conditions affect the amotifighting in individual

workplaces. The results obtained were comparetiéaé¢commended lighting levels
according to HRN EN 12464-1:2008 and HRN EN 124203.

Keywords: lighting, office jobs, local lighting, general litihg

1. INTRODUCTION

Today, office employees spend most of their workimgurs working on computer
systems. Working on computer systems is uniformthwhigh repeatability of
movements and requires a high degree of mental ectration, and exact
psychomotricity with normal reaction times to tet{0.09 s), visual (0.15 s) and
acoustic stimuli (0.12 s). Working movements aré&rearely short and quick with a
demanding degree of movement coordination andvistmcentration due to work on a
computer system. High degree of vision concentnatiequires good lighting of the
workplace with scattered light intensity of 5004k least according to BS EN 12464-
1:2008 which defines lighting of workplaces as iodworkplaces [1].

Therefore, the lighting of the work place with amquuter system is one of the important
factors of the work environment which gains inchegsattention. Adequate lighting
results in increased productivity, higher qualifynmrk because it allows accurate, fast
and easy observation, improves concentration aexkpts fatigue.

As a rule we have natural day light in the workplats amount depends on the level of
lighting of outdoor places and the size of theagrermeable to light.

Lack of natural lighting of indoor places is complented by artificial lighting that is
designed as a system of general lighting, i.e.igiyt Isources that are set to light up a
room, or a combination of the general system wih additional source for specific
areas or locations in this indoor space [2].
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The contrast between the screen and the papenfotkdsbe in a ratio 1:3 to 1:10, and
luminance contrast between dark characters antbabkground of the monitor screen
should amount to 1:5 to 1:7. The most efficient suea from an ergonomic point of
view is the adequate position of the screen intimao the lights, windows and other
surfaces Thus, it is best that the light is at the right lentp the desk. In case it is
located in front of or behind the desk, direaglftiin front of the table) or indirect glare
(light behind the desk) would result. It is prefdeato set lampsin parallel or laterally to
the median plane of the worker's desk. Lightingufizs that are located directly above
the worker's desk will cause a blurred printoutcbéracters on the screen [3]. Today,
the office lighting producing large amounts of lzorital direct light is avoided because
it creates reflection. The angle of the luminous<fshould not exceed 45° from the
vertical, and luminous flux must be directed eitdemwnward or upward. Additional
lighting is used in workplaces where work is demagdand it is important that there is
no glare or reflection.

2. EFFECTS OF LIGHT ON THE HUMAN BODY

Man primarily collects information visually sinche eye is the most important sense
that handles up to 80% of all information. Workiog computer systems is performed
with the required visual control that is achieveg tbansferring and / or eyesight
concentration, whereby a stimulus is given in tegutatory human system based on
visual perception as an input to activate the neusgstem to make a decision about the
creation of a movement. When working on a compsystem it is necessary that the
worker has very good sensory abilities of sensamsgof vision that are related to
visual acuity as the ability of noticing detailsdaparts which would require near visual
acuity [4].

During working hours it is possible that about 3@ @ransmissions of the central line of
vision occur between the light-template, gray keydoand dark screen resulting in an
adaptation jump because the human eye can conystddpt to changes in color and
light (contrasts). Different distances of the sordeeyboard and template from the eyes
require sharpening eyesight - accommodation adpstiof the eye.

Long eye strain caused by poor lighting and glarethie visual field leads to the
occurrence of visual fatigue that manifests as iafphirritation of the eyes, double
visual images, headache, reducing the possibifitaazommodation, reduced visual
acuity, contrast sensitivity and speed of perceptids a result of visual fatigue
productivity, quality of work and increase in thenmmber of operational errors are
reduced.

Due to poor lighting of the workplace the conseaegeis an unfavorable posture of the
worker attempting to reduce the distance of hisseyom the screen which causes an
increase in the angle of curvature of the spine amdncreased flexion of the head.
Therefore, favorable lighting of the workplace amerking environment is very
important for the working position.
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3. EXPERIMENTAL PART

To test the intensity of lighting of office taskifiree workplaces in the Operations
Department of Finances in a particular enterprisgewselected. Measurements were
carried out for three days in a period of threerhdn different weather conditions.
Lighting was measured n a Multinorm M16201 devidéhva connected radiant flux
meter. Measurements were made in three offices evioaty day lighting coming
through the windows, and general lighting were maess The measured valuere |
analyzed using a computer program Ex@éle results obtained by measurements were
compared with minimum required lighting of workpéscwhile working on a computer
in the office in accordance with standard HRN 1264808.

4. RESULTS AND DISCUSSION

Measurements of the intensity of light were takerthree different offices for three
days in a period of three hours. The first (RM1j. Ba and the second (RM2), Fig. 1b,
workplace is located on the west side, and the {®M3), Fig. 1c, workplace is located
on the east side of the building. During measutimgfirst day was overcast, while the
second and third day was sunny.

la 1b

Figure 1. Workplaces RM1 (1a), RM2 (1b) and RM3 (1c¢)

Figure 2 shows the lighting level with general tigh for the first day (overcast). The
lighting of RM1 and RM2 was lower than 500 Ix alrhbalf of the working hours, and
only about 14,00 hours the lighting exceeded 50Qvixereas the lighting of the third
workplace was in conformity with the recommendadiai standard HRN EN 12464-
1:2008.
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workplace

Figure 2. Level of lighting of the workplaces with generglting on the first day
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Figure 3. Different kinds of lighting of workplaces withogeneral lighting on the first
day

Figure 3 shows the level of general lighting withéghting for the first day (cloudy);
it can be seen that the lighting on the RM1 and R#d, while the RM3 met the
requirements.
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Figure 4. Lighting level in the workplaces with general ligig on the second day
72



Proceedings of'5International Ergonomics Conference, Ergonomick320
June 12-15",2013, Zadar, Croatia

Figure 4 shows the lighting with general lighting the second day (sunny); it can be
seen that in the morning the RM1 and RM2 lightiidyrtbt comply, while the RM3 met
the requirements of necessary lighting.
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Figure 5. Lighting level in the workplaces without genelighting on the second day

Figure 5 shows the lighting level without generghting where it is evident that in the
morning the lighting of all three workplaces didtrcomply with the requirements,
while about 11, 00 o'clock it met the requiretseand ranged 500-650 Ix.
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Figure 6. Lighting level in the workplaces with general ligig on the third day

Figure 6 shows that the level of lighting of therlqmlaces with general lighting was
below 500 Ix in the morning on the third day (sunnin the workplaces RM1 and
RM2, while the lighting level in the workplace RM&s above 500 Ix all the time.
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Figure 7. Lighting level in the workplaces without geneiighting on the third day
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Figure 7 shows the level of lighting of the workg#a without general lighting, which
indicates that in all three workplaces the lightimgs under 500 Ix and did not meet the
requirements necessary in the morning, while it thhetrequirements for the rest of the
time.

5. CONCLUSION

The level of lighting office tasks affects the pimsi of the office in relation to the
cardinal directions, and weather conditions asreatefactors, and the location and
amount of general lighting and / or additional Idaghting in the workplace [5].

In two observed offices (RM1 and RM2) it was natidbat the lighting level without
general lighting and with general lighting does neet the requirements of necessary
lighting of 500 Ix. The lighting of the third offe (RM3), which is located on the east
side, does not meet the requirements of necesgéting without general lighting only
in the morning hours, whereas it meets these reognts with general lighting.
Considering the results of the measurements itdpgsed to introduce additional local
lighting of workplaces that would achieve less dgéigue of employees, higher
productivity and better concentration.

REFERENCES

[1] Dragtevi¢ Z., Rogale D., Vuljardi N.: Ergonomical Characteristics of the Work on
Computer Systemgcta Graph.10, 1, (1998), 13-25

[2] Doko Jelint J., Gorenc M., Senta MarA.: Rasvjeta radnog okoliSa u aluminijskoj
industriji, Sigurnost 524 (2010.), 381-386

[3] Kirin S.: Ergonomic Approach to Setting up 8&&mt Computer LabBook of
Proceedings of 4th International Ergonomics Confes Ergonomics 2010, Mijoyi
B.(ed.) , 221- 226, June 30-July 3, 2010, Stkbitoplice, Zagreb, Croatia, ISBN 978-
953-98741-5-3

[4] Mijovi ¢ B., Pivac J., Beiil.: Fizikalne zn&ajke rasvjete radnog okolis8jgurnost
49, 2, (2007.), 91-101

[5] Kirin S.: Lighting of the Work Environment inhé Cutting Process, Book of
Proceedings 2 International Professional and Scientific ConfeeenOccupational
Safety and Health, \ni¢ J., Kirin S. (ed.), September 19-22. 2012., Za@aoatia,
ISBN 978-953-7343-59-0

74



e | 3" International Conference
@ erconomnso | ERGONOMICS 2013
brusTvO June 12-15, 2013.
CROATIAN ERGONOMIC SOCIETY Zadar_Croatla

ERGONOMIC CRITERIA FOR THE DESIGN OF
PACIFIERS

T. Studeli*
! Human Factors Engineering Thomas Stiideli, Nietisfiesse 27,
CH-8932 Mettmenstetten, SWITZERLAND, stuedeli@hfmeering.ch

Abstract: Pacifiers are everyday companions for babies anddiers. The general safety
requirements to reduce the risk of accidents witbiffas are described in EN 1400-1:2002-12.
This paper describes an analysis of the anatomjaaysiological or psychological needs of the
users based on literature search, screening ofgiesblutions and interviews with parents and
specialists in pediatric dental surgery, pediatdentistry, speech therapy, postpartum care and
breastfeeding counseling. As a result, essentigbmomic design criteria for pacifiers are
described which complement existing safety requintsrend are meant to increase the usability
of pacifiers.

Keywords: Pacifier, safety requirements, ergonomic task wsial ergonomic design criteria,
usability

1. INTRODUCTION

Pacifiers (also called dummies, binkies or soojhairs everyday companions for babies
and toddlers in most of the developed countriesea give these artificial molded
teats to calm and soothe babies when they aredridmaper. Pacifiers are also used to
help infants to fall asleep or to overcome strdssfypainful moments. In a worldwide
survey 1996-1997 the International Child Care ReastStudy found, for babies of 3
months of age, pacifier usage rates of 12.5% (JapafiL% (Ukraine) [1].

Pacifiers have been developed out of two kinds oferinners: The
hard teething rings and the soft sugar tits (alsgasteats or sugar-rags), small fabric
bags filled with sweet breads, honey or similacdh be assumed that pacifiers have
been industrially produced since the end of th& déntury, the first US patent for a
“nipple-holder” has been granted in 1899 [2], antifigial nipple” aiming to protect
sore nipples in 1845 [3].

Today’s pacifiers have artificial molded teats rhosut of silicon or latex and
shields out of diverse plastic materials. Theyamasumer products with a high demand
on product safety, among other reasons becauseathaysed by a high risk user group,
potentially unattended babies and toddlers. Thermational standard EN 1400-1: 2002
specifies general safety requirements for materadsign, packaging and labeling of
pacifiers and include requirements for the manddl The standard refers to the
European directive on general product safety 2@JEO [5] and includes specific
design guidelines for the ventilation holes in $iéeld and the fixation of the teat in the
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shield, respectively ring or knob. Figure 1 shotws most important and visible basic
design elements of a pacifier according to the pean standard EN 1400 [4].

Figure 1: Basic design elements of a pacifier [4]: Teat @ield (B), ventilation holes
(C), and ring or knob (D). Model: bibiLatex, 0-12 months, Lamprecht Ltd,
Switzerland.

Whereas the European directive [5] refers to “safebd health of persons” the
European standard EN 1400 [4] refers solely to égahsafety” and aims to reduce
accidents related to pacifiers.

This paper aims to complement existing design iids for pacifiers with
ergonomic recommendations — design goals focusmniip® basic needs and well-being
of the user and usability of the product.

2. METHODS

Ergonomic design criteria or design goals have hb#mreloped following a classical
approach for product ergonomic analysis in threpsstinspired by Ramsey [6] and
Bullinger & Solf [7]. The first step was the anal/sof product and product
environment, the second step was the definitionsef requirements, and the third step
was the development of corresponding ergonomicgdesiiteria. During these three
steps literature search, analysis of existing aes@utions and expert interviews have
been conducted.

Theliterature searchhas been conducted between September 2012 andh Marc
2013. Base of the literature search has been imsta step theWeb of Sciencand
Google scholar In a second step the search has been extendedbrondigitized
literature within the Swiss library network NEBI8ey words were among others:
pacifier, dummy, binky, soother, non-nutritive singk and child development.

The analysis of existing design solutiongocused on actually available
pacifiers in the Swiss market for the age groupg #ionth till 36 month. Overall 47
pacifiers from seven producers AVENT (Philips Efenics UK Ltd.), bibf
(Lamprecht Ltd.), Chicco (Artsana S.p.A.), DifraRiffax BV), MAM (Bamed AG),
NGbyry (Luv n’ caré Ltd.), and NUK (MAPA GmbH) have been included in the
analysis.

The expert interviewsincluded four experts with a minimum of 12 yeafs o
expertise in the field. These experts covered thmains of pediatric dental surgery,
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pediatric dentistry, speech therapy, logopaedicstgartum care, and breastfeeding
counseling. The face-to-face interviews followegratocol with personal introduction
of 5-10 minutes, introduction to product ergonomiéslO minutes (aims & benefits,
ergonomic product analysis, ergonomic design ppiesi the role of the ergonomist in
product design processes), and an open discuskiEi 100 minutes (including general
role of pacifiers for the domain, specific recommi&tions for pacifiers and pacifier use,
effects of pacifier use on human development, reeithe child and the parents, and
specific feedback on design solutions).

3. RESULTS

3.1. Product environment

The screened literature misses the fundamentalactaistics of an ergonomic
approach as it is described by Dul and colleag8gésfstems approach, design driven
and with performance goals and well-being goalsdweler, the extensive list of
positive and adverse health effects found, sern&dase for the analysis and the
interviews. Domains where adverse and positivethesdfects are intensively discussed
in the literature include pediatric nursing &{P], clinical pediatrics [10], general
medicine [11], orthodontics, and dentofacial ortbdips [12]&[13]. Among the positive
effects the prevention of Sudden Infant Death Symdr (SIDS), a positive effect to the
emotional and psychological development of thedckéloothing, control gaining ...),
and the effectiveness as an adjunctive pain relief mentioned most often. Next to
accidents with pacifiers or pacifier related inpgri(choking, broken teat, separation of
pacifier parts), most mentioned negative healtlect$f are: negative effects on oral
health and dentition (anterior open bite, postedomrsshite, and narrow intercuspid
width), negative impact on breast-feeding and dp&®welopment, increased evidence
of inflammation of the middle ear (otitis medialleegies (mostly latex allergies), skin
irritations and infections (source of bacteria)veal as potential for compulsive use
(pacifier addiction). Most of the above mentioneffees are still controversially
discussed within different contexts and among ttterént disciplines or domains.
However, in most discussions, there is — even antioaglifferent disciplines and even
among non ergonomists — consensus that frequeypmy, intensity and duration of the
use of pacifiers have an impact on health riskseaith benefits [8]&[12].

Not only the literature search, but also the intemg showed an unexpected
variety of different views on pacifiers and the wéeacifiers. Reasons for this are the
dynamics and the individuality of child developmé&mm premature babies (-2 month)
to toddlers of 24 month [13]. It's important to apthat during child development some
of the child’s demands to his pacifier will charamtinuously or gradually, others will
change at a moment's notice. Another reason cowdfdund in the temporal
segregation of the different specialists, as thygycally focus on specific aspects and
conduct their interventions in clearly defined depenent phases or age groups, e.g.
breastfeeding counseling age -2 to +2 month, logdiga for children above 24 month,
pediatric dentistry for children above 36 month.

Taking in account the above findings an importaat pf the foundsariety of
design solutionson the market can be explained. Three differemicepts of teats,
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seven different concepts of shields and ventilatioles and multiple concepts for rings
or knobs could be found.

3.2. Basic functions of a pacifier

From an ergonomic point of view, we define the bdsnction as the core function that
is essential for the user of the product. For pasiftwo different use phases with two
different but interlinked basic functions could dssigned:

e Learning phase (first weeks and months). The psirhanction of the pacifier
is to support the child ikearning efficient motor patterndor the nutritive and
non-nutritive-sucking. ldeally effective motor patts of the sucking
movements of the tongue, the jaw and the facialcheasare well coordinated
with the nasal breathing and the swallowing. At #ge of 6 months the
learning phase is completed for most children. Atelligent design of
pacifiers supports and encourages the child tonlead optimize an efficient
motor pattern.

e Application phase. The primary function of pacifiese is thealming effectof
an undisturbed, often rhythmic sucking. The traosifrom learning phase to
the application face runs fluently and individuallijhe primary function in
application phase is to satisfy the natural suckimepd as an everyday
companion of the child. Actual benefit is the calgieffect of the non-
nutritive sucking.

3.3. User requirements — main human aspects for thaesign of pacifiers

Classic ergonomic analysis of a product is basedamatomical, physiological and

psychological aspects. Ramsey [6] described 37erdifit aspects that should be

considered. Of these 37 aspects the following eifnt be rated as of particular

relevance for pacifiers:

1. Anthropometry or body mass, in particular the @gtemouth (upper and lower
lips, nose and chin) and the inner mouth (uppenjétv arched palate, tongue).

2. Body motions and forces, in particular the moverseard forces of the tongue
during sucking.

3. Climate, in particular the thermal insulation oé tbhield.

4. Tactile perception, in particular the perceptionsbield and teat by the body
surface of the child during sucking and at rest.

5. Motor development, in particular the coordinatiofi sucking motion with
swallowing and breathing (coordination of patterns)

6. Feedback, in particular the tactile response ofpthafier to the movement of the
tongue during sucking.

7. Motivation, in particular the role and motivatiorf the parents, but also the
motivation of the child.

8. User behavior, in particular the way the pacifeused and in what situations the
pacifier is used (e.g. individual desideratum dfifieation).

A more detailed description of user requirementstmamong others, take in account
the above mentioned dynamics and individualitytofdcdevelopment.
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3.4. Ergonomic design criteria

Nine ergonomic design criteria in form of desigralgofor the pacifier shield and the
pacifier teat have been developed in order tolfutie basic functions in an effective
way and in order to reduce the known health risks.

At rest and during the natural sucking movementthefchild, theshield of a pacifier
should:

» absorb the suction forces during sucking and evgmigad the remaining forces
over the outer mouth region (lips and facial musgle

» provide a support for the upper and lower lips atidw a vacuum during the
closing of the mouth,

« do not affect the child's nose or chin (pressurmtpoon the chin and nasal
septum) in rest position and normal range of motioring motion,

e not have exposed or protruding edges or engagemefdaces, so that the
pacifier cannot be easily stripped off by simpleveiments such as grazing
movements in the normal range of motion of the aand

» avoid that the pacifier may accidentally accesBeosucked in the trachea of the
child.

At rest and during the natural sucking movementshefchild, theteat of a pacifier
should:
» pick up the suction forces of the child and forw#rdm to a certain extent to
the shield (counter-pressure on the lips),
e give the tongue enough resistance (surface ardameo surface friction) to
transmit the tongue movements to the pacifier,
« allow the widest possible closure of the teethest and during the natural
sucking and sucking movements (small shank), and
« absorb — to a certain extent — the suction andngufbrces of the tongue and
the lower jaw.

4. DISCUSSION AND CONCLUSION

Pacifiers are everyday companions of children armmh-the first view — seem to be
simple products and easy to design. However, titeeareview and interviews with
experts in the field of medicine and care show ateva&ariety of specific demands and
recommendations for pacifier design and use. Thigatoon makes it difficult for
producers and designers of pacifiers to get agriprgonomic aspects of the product.
By collecting the main risks and the main benefifspacifier use that are
discussed in the literature and among experts énfigld, and by discussing these
aspects with a focus on the needs of the pareitghenchild, two basic functions of
pacifiers could be extracted. Additionally, by amaéhg existing product design
solutions and the product environment, a prioritora of the numerous anatomical,
physiological and psychological (human) aspects llaae to be taken into account in
the design process could be achieved. As a restlti® ergonomic product analysis,
following a classical approach, nine essential vogaic design criteria for pacifiers
could be described. These ergonomic design critridesign goals are of general
matter and give space and freedom to designers pgaducers. The aim is to
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complement essential safety criteria of the Euromandard for pacifiers EN 1400 [4]
with essential ergonomic design requirements. leuntbork will focus on more detailed
age-related ergonomic design guidelines for pasifie
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Abstract

The authors present a progressive approach to Wetaiworkplaces design with using
of ergonomic principles. This methodology was deetoby CEIT Digital Factory division and
Slovak Ergonomic Society. Is already actively using practice by the implementation
of industrial projects, under name CEIT ErgoDesign.this methodology are used modern
digital tools, non-contact scanning, stereoscopigual and augment reality and also a modern
ergonomic analysis with using a software tools. dt & comprehensive ergonomic design
of workstations using either reactive or proactivganomics. It is a complex of multidisciplinary
solutions for design of individual workstations wsimodern technology. This methodology has
been developing and verifying for several yearsiarabnstantly updating with a new areas.

Keyword: ergonomic, detailed workplace design, evaluatioargbnomics, digital factory

1. INTRODUCTION

By ergonomic solutions we have primarily to protexthealth, prevent diseases
and eliminate the possibility of accidents. Thetdoés a man, who has treated if the
problem occurred and ergonomic engineer is a mao, would just prevent ergonomic
health issues related to their work operations.idhéisg workplaces, their assessment
and optimization for the purpose of humanizing woslkile increasing productivity,
have historically been time consuming and requirgreat deal of effort to achieve
a comprehensive solution analyst projection ergaoatasign. Missed while feedback
that before the implementation of solutions to helpeal its shortcomings. Now we can
handle such a task within a much shorter time aitt high efficiency, flexibility
and accuracy and above all with a great view ofntla@ who is still a major component
of the work process.
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2. PROGRESSIVE APPROACH TO DETAILED WORKPLACES
DESIGN

CEIT (Central European Institute of Technology) @ollaboration with Slovak
Ergonomic Society, were created own methodologydfetailed design of workplaces,
four years ago. Its logic and function has beerifiedron a lot of projects aimed
at optimizing the assembly and production sitesaiirtual 3D environment using
ergonomic tools digital enterprise. This unique igiesuses modern tools such as
3D laser scanning, an interactive layout plannirgdpction with the use of its system,
digital design workplaces and work environmentsnfigs Tecnomatix, including
comprehensive ergonomic analysis, and so on. Thoigressive approaches to provide
customers with quality solutions, which eliminatee tergonomic deficiencies during
both the digital model. At the same time are elmt@d the deficiencies in the design
work, material flow, quality, productivity and son.o Methodology developed for
the establishment remained open to further devedmprand improvement. Its basic
structure could be summarized in 2010 into thraatpmf the framework, and to obtain
input data processing — creating the project, sniudesign layout of workplaces.

3. EXPANDING OF ACCESS METHODOLOGY CEIT ErgoDesign2012

To our approach we added a new field this year.emisures the complex
multidisciplinary design solutions for individualonkstations using modern technology.
CEIT ErgoDesign 2012 characterized in detail trputrdata for the database project. It
was created a separate module of the analysis,hwivies supplemented by area
evaluation of spatial conditions, area evaluatibérthe working environment and area
evaluation of physical activity, which has beetedll with new ergonomic analysis. In
the module of draft solutions were characterized dpgcific outcomes and were
independent of the other modules in the form oflymi& solutions. This section
includes three major new areas. Among other thiegaluation of labor productivity
and its changes in the design and verificatioreaf-world using augmented reality. The
original three modules CEIT ErgoDesign expandedixomodules and new name of
methodology is CEIT ErgoDesign 2012 (figure 1).

3.1. Getting input data

In the methodology is the first step after the exjufor the project of the existing
collection of real input data and verification. Wheollecting data, it is essential to
obtain information and documents from the compéaimder the verification understand
and retrieve data values of project can be complatel verify the truth and accuracy of
the data from the company where the project is @mginted. Individual data collected
can be divided into four groups. In the first gronp obtain installation and technical
procedures, information on production benefits, fggenance standards, and the
organization breaks, characterizing manufacturing assembly system and the
organization of work. In the second group are idiet characteristics of the

environment and its components. The company prevadeomplete 2D layout of the
workplace. This information will be specified in tdi# and verified by 3D laser

scanning work and its various components as regjuire
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Figure 1: CEIT ErgoDesign (Smutna, 2012)
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It is used while contactless laser scanner [1], T2l third group is characterized by a
subjective state of stress for workers using thdifieal Nordic Questionnaire. Data that
is collected through this questionnaire allows twmlgze the characteristics of the
reference file employees, incidence, intensity alwtalization problems and

musculoskeletal system, subjective evaluation factand working conditions for

employees and the characters and factors that rffegt ancidence and degree of
difficulty workers. They are then used to test bé treal physical activity, whether

conventional digital load cell, or advanced suppodls as ErgoPAK by which we

obtain the current strength in tension, compressimanual handling limits etc.

Information on the position can be obtained usingteaeoscopic video. Stereoscopic
records are now one of the newest features that haen applied to the field of

ergonomics [3]. Its using is primarily in the arsily of the real situation in terms of
workplace stress analysis operator. Industrialesteecording is carried out through a
set of cameras from different points at the samekplace. For high quality stereo

recording is necessary to take into account a lakgaber of parameters commonly
available 3D camera is not set [4]. The result spatial perception of the operator’s
workplace, which allows accurately track and analypvements of real operator. This
technology is an alternative to motion capture mégres or to use CAVE (virtual cave
technology). The fourth group is the need to collsafficient data characterizing

parameters of the working environment. In this aveafocus mainly on lighting noise,

temperature and humidity.

3.2. Processing of existing data

Using database, we get the first module of inpt# diar the project. The second module
of our approach is focused on processing the deledata. In the first step is from 3D
laser scanning workstation modeled workplace. Hl$® modeled in the digital space
the individual components, for example desks, shashelves, pallets, containers,
assembly parts, etc [5]. After insertion of modetednponents in the digital workplace
are models deploys according to the real situatibis then inserted DHM — Digital
Human Model, to the virtual workplace and it canréalized an animation of operator
actions. They are using stereoscopic records, raaturfng and assembly processes.
Very important step of second module is an idergtfon of negative risk factors.
Thanks an output of Nordic Questionnaire and alstesscopic videos is prepare a list
of potential risk factors at work. It's actuallyrecord of risk assumed of the working
space, physical activity and work environment. Ehasks are followed procedure in
the third module and verified by the scientific hred to determine the rate of one for
every defined risk.

3.3. Analysis of current situation

This section is devoted to the evaluation of ergoies, operator performance with
respect to logistics and quality. The detailed eatbn of the spatial conditions is
animation model operator actions and inventoryaieptial risk factors at work inputs
for detailed evaluation of spatial conditions. Ugithe tools of modern ergonomics,
software options, we determine whether the riskatirgy to the working environment
very seriously. They are evaluated the total spacpirements for the workplace
provider, free floor space not built, transitioméa, dimensional relationships between
operators — the workplace and workplace element® §$sess the viewing,
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manipulation, pedipulation space and detect passiillision conditions in the
workplace in relation man — an element of the wiake.

The detailed assessment of physical activity isessary to use force characteristics.
These are the forces measured by the type of gctividividual analyzes are selected
according to whether the handling of loads, cydlijcaepeated actions or static load, or
due to business need to evaluate energy expenditwteso on. These include analysis
RULA, OWAS, REBA, Low Back Analysis, Static StrehgtPrediction, Snook
and Ciriello, Key Indicator Method, NIOSH and etc.

In accessing the physical work environment factwtrealize evaluation of lighting,
noise, temperature and humidity in the workpladds Todule, like others, is open and
we plan to complete the measurement and evaluafiather factors in the working
environment. The necessary data are primarily froeasurements of the parameters
of the working environment. Processed data are tbempared with the current
legislation, which allows you to take the final @ntory of risk factors in the working
environment. This statement is further supplemertgdhe fact that the protective
equipment used to these risk factors is sufficient.

3.4. Analysis of current situation

After receiving and processing data, identifyirgks, and after verification using spatial
assessment of conditions, physical activity and kwenvironment you can go to
the design of remedial measures. Summarize theichdil final inventories of negative
firs factors. These are incorporated into a firgtiatog of remedies and of course the
remedies for which it is possible to implement ar@bdel to work. Catalog of remedies
is a document given to the submitter of the proj€bis catalog contains a list of risks
with their detailed descriptions, degree of rislalgmis after application of physical
stress. References to legislation and proposalsdioective measures, of course, a risk
measure for possible application of these measgsindividual remedies we can
eliminate the risks of physical stress, minimize time consumption and provide
favorable conditions for operators. All solutionse amplemented with regard to
logistics and quality, and we provide high qualivanufacturing process. The fourth
module outputs include proposals for corrective suess implemented in the virtual
environment, the catalog of remedies with the tasyllevel of risk, leaves rotation
performance standards. Of course, by the natutbese solutions are complemented
outputs of other options.

3.5. Analysis of the solution

After a realization of draft a remedial action iscassary to carry out the verification
of the level of risk for corrective action, wheretgiled assessment of spatial conditions
and physical strain after application of these mess in a virtual environment [7].
Remedies of the work environment, we verify by eatrlegislation. In this section,
operator performance is evaluated and then changbor productivity. The input for
this phase is already created 3D animation modefatpr. At the same time, are
entering stereoscopic videos that allow tracking emonomic movements. Then
is followed a selection of a suitable system MTM WBAS, evaluation of operator
performance capabilities of the original state, #reh the proposed state. The resulting
value of labor productivity is obtained by the timgata of the operation
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of the implemented method of pre-defined times.alyn it is necessary to quantify
labor productivity [6]. To verify this design care lused in labor productivity index.
If the principles of ergonomics to design remedraasures for one workplace, it is
necessary to analyze the consumption time workéisiractivities at the workplace. As
part of the project and assess the overall prodticiesigned for all workplaces.

4. CONCLUSION

It is necessary to emphasize that CEIT ErgoDesiiji?22is an innovative approach
to design and evaluation of healthy and productveekplaces. It is not sufficient just
to use the system run, on the contrary, it is resrgso continuously improve, innovate
and implement new models, technologies, researatinfys, and develop the system
for the benefit of businesses and their employ&hs. application of augmented reality
in this approach not only has a uniqgue meaning rfan — the operator, but
for the company itself, in the form of better outgn less time and with greater
efficiency.
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Abstract

Bypassing and disabling safety systems are gegevalved as illegal behaviours of shop floor

workers and a major cause of industrial accidentsm8& analyses of work settings have been
demonstrating the reasons for such acts. The aithisfpaper is to show, through an example
collected during an ergonomic intervention, theftiohof interests that workers can be subjected
to, when carrying out a bypass act. It is argueat ttinderstanding and taking these conflicts into
account is a critical condition for safer and hdaétr work environments.

Keywords: Ergonomic, Intervention, Safety Systems, Desigietys Work

1. INTRODUCTION

Manipulative actions in machinery, or bypassingsaate commonly observed in work
settings. In their routines, shop floor workersildsiately do such acts, including
disabling, bridging and removing protective devieasl safety systems. Bypassing and
tampering protective devices is considered a megaise of occupational accidents in
industry, including fatal ones. A German interdidiciary research project [1] interested
in such issue concluded that the dimension of taimgeas extensive: its results show
that one third of all the protective devices in ahetorking companies are temporarily
(23%) or constantly (14%) manipulated.

The underlying reasons why workers bypass protedevices are diversified. This can
be motivated by a freely access and easily remolalwitches [2]. Also, employees
may not have been adequately informed about pessisks [2] and they can
underestimate the heightened hazard caused by émégpufation [3]. The bypassing
may be tolerated in plants [2] and there are fewatiee consequences for the
manipulator [3].
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Other reasons can motivate the bypassing actiomsdadesign of the machines that
lead to a poor view of the process; malfunctions isult in repeated interruptions of
production and excessive delays before operationbearesumed; and in some cases,
specific operating modes, such as set-up, troubtesty, reconstructions and
automation mode, cannot be applied without any madation action [2,3]. Itis argued
that the bypassing of protective devices can béladoonly if machines are designed in
such a way that the defeating offers no benefdésthere are no incentives [4].

Some studies have been pointing that bypassinqiblabeen adequately addressed in
the field of Occupational Safety and Health — OSE@H]. In most cases, the part which
bypasses the function is considered responsibtehtsudefinition of responsibility does
not go far enough [2]. It is evident the lack ofidies concerning other types of
motivations for bypassing acts, specially the armssidered to be “outside” the scope
of OS&H.

The aim of this paper is to contribute to a broadiscussion about the motivations and
interests that can lead workers to perform bypagssitts. To achieve such goal, an
example is presented. It reports the occurrencanoihcident during a manufacturing
process that forced its interruption. The workecte@ to solve the incident, doing
bypassing to resume the production.

After the description of the case, a discussiorl b presented. But before, it is
important to highlight that this constitutes an lgss of a single case. The bypassing
acts are polemical, and many other interests cist Exmanipulative actions. What is
defended is that such cases shall be analyzedidodily. Again, the intention here is
not to create a generalization, but, from the exargjven, to encourage the discussion
about other motivations and interests that may @@ manipulation in machinery.

2. MATERIALS AND METHODS

The described example was observed during an engieriatervention, conducted in a
manufacturing company and focused on a specificgmsing machine. The Ergonomic
Analysis of Work Activity [5] was the main methogied. Field studies enabled the
research party to familiarize with the technicabgass, progressively winning the
workers trust [6]. It also assisted in mapping therkers activities, including their

actions and their visualization and communicatieads [7].

The collected data was granted through a systerobsiervation of the work activities

done and the machine routines. Open and semi-gtagtinterviews, spontaneous and
concurrent verbalizations, were also used as dadleetion techniques.

While the incidentes were occurring, data were dpeiacorded: the time of the

occurrence, the number of workers involved in tbeection, the actions performed by
each one, the communications established, and soThban, the workers were

questioned about what they have done, why they laareied such actions, the

frequency of the specific occurrence or similauaions, etc. Data collection also
included the analysis of relevant documents avigjabke company specs, work

instructions and safety procedures.

The field research lasted for seven months, comgrizetween November 2010 and
June 2011. It took around 41 data-collecting dagsh day consisting of approximately
6 hours of direct contact with the workers and thetines of the machine. As the
company works in rotative shifts, all the shift gps were involved in the research.
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3. RESULTS

The study focused on the calendering process, &rniediary process of tire
manufacturing. It produces continuous sheets fraiibeér compounds incorporated onto
reinforcing materials. The calendering processigngortant step in the production of
tires, because the quality of the sheets is cliticthe tire performance.

3.1. Brief description of the equipment

The calendering machine, a calender, is a heawy-ghaichine equipped with three or
more chromeplated steel rolls, which revolve inagife directions, in specific speeds
[8]. Besides the steel rolls, a number of othereasory equipment ensures the
production process and measurement and contra@ragsguarantee the quality of the
final sheets.

3.2. The textile fabrics calendering process

The calendering of textile fabric uses rayon, nydow polyester fabrics as reinforcing
materials. The process is initiated with the plgcof the textile fabric rolls in the
unwinding station. From there, the edge of thei€aisrspliced, either to a fabric already
in processing, or to the set-up liner. Then, therifais pulled, until it reaches the
calender rolls, where it will be impregnated witibber on both sides. On this journey it
goes through several rolls, whose main objectives (@ to direct the path of the fabric
along the machine; (ii) to balance the tensionheffabric; (iii) to promote the opening
of the weft (expander roll); (iv) to center the fiabfor a correct feeding of the
calendering; (v) to heat the tissue, avoiding tfesence of moisture, which hampers the
adherence of the layer of rubber.

After passing through the calender rolls, the sgeet over cooling drums, and over the
accumulator system, until it reachs the windindiata(wind-up station), where it will
again be winded into spools again, using a linbriéa The, the sheet is cut, and sent to
storage, where it should remain for up to two hdegfore being used in the next stage
of manufacture of the tire.

3.3. The incident

A thread from the textile fabric in the calenderipmpcess, grips to the rolls of the
acessory system of the equipment, and it is cootisly wraped, therefore it frays the
fabric successively.

Local of occurrence: The incident can occur in one of the rolls of thecessory
equipment (a total of 35 rolls).

The causes of the incidentThe incident may occur due to the presence of ladses
or due to a damaged weft. In order to minimizettie supplier company applies an
adhesive protecting layer on the edge of the fadmitt covers the fabric spools with a
plastic shield. The wires can also be loosenedhdutie splice of the fabric spools. A
careful splicing during the set-up between the fpoan avoid the incident, as stated by
a worker:

“a bad splice can make a tire turn into waste...”
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As the spools are carried by fork-lift trucks, fladric can also be damaged during the
transportation.

Time and frequency of occurrence:The incident generally occurs at the beggining of
the calendering of the spool, when the splice tgtsioned and therefore subject to
split, or when the most external fabric of the dpdberefore more subject to be
damaged during transportation, is being calendefée. machine workers know the
incident very well, as they reported:

“these things happen...it happens once per month.albat

it depends on the fabric conditions...”

The consequences to the productionthe frayed fabric cannot be calendered, once it
does not fit the quality specification. Moreoveroguctivity is reduced due to the time
spent fixing the situation.

The procedure to deal with the incident:The worker must stop the machine and call
the maintenance staff.

3.4. The bypass action to correct the incident

Throughout this research, three of such occurremem® observed. As soon as the
incident was observed, the workers intervened imately to fix it. After identifying
the area of the incident, they disconnected thehima¢ to secure a minimal material
loss.

Concerning one specific occurence, the situatiok face in a roll of the accumulator
system, situated inside a protective fence. Desipitexistence of a door on the fence, it
is constantly locked. The machine worker was ntiwad to have the key, so he
jumped over the barrier.

In another case, the incident occurred in a rabdbcated inside the protective zone.
However, in this occurrence, it was possible fag thorker to reach the place, even
staying outside the fence. This way, the worked Bdwn on the floor and stretching
himself under the fence, he reached the zone arttiewolled threads.

Another occurrence was also observed in the healingis, located inside a closed
cabinet to avoid thermal losses. However, in thiseg it is a place the workers have free
access to, the positions required to cut and rerttoev¢hreads were very unconfortable,
due to limited space. This is worsened because &ni area with high temperatures,
what also increases the burning risks.

In all occurrences, by the end of the removal ef tifireads, the worker left the place
and resumed the calendering.

4. DISCUSSION

In all the incident occurences, the workers’ decisivas not to follow the procedure
and solve the problem. In all of them, the bypassiras performed without further
consequences. The incident was solved and thedmaleg process status was resumed
in a few minutes.

The actions performed by the workers can be ihtieewed as an infringement of the
company procedures, as the workers must call thetemance staff. Also, the
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bypassing implied the arising of unforeseen righsssical barriers, designed to ensure
the workers safety, became a new source of riskd; the need to adopt extreme
positions may have an impact on the workers’ health

A closer analysis of the bypassing actions dematestr that workers were also
motivated by interests that may seem to be outhielelomain of OS&H. Three of them
will be presented.

4.1. Maintenance organizational structure

If the worker calls the maintenance staff to sdlve problem, the production remains
interrupted until the responsible is available tone and solve the problem. As stated
by one worker, this may imply waiting up two houffie worker stated:

“Can you imagine if we have to call the engineertegm
at every malfunctioning? Until somebody comes...”

It is important to understand that the maintenasiedf has an amount of tasks to
accomplish, sometimes bigger than their capabilitis not rare to find such situations
in industrials settings, in which the maintenancegaaizational structures are
insufficiently dimensioned or poorly managed, relyag the real demands of the
production.

4.2. Process productivity and wages

The greater the processing time to solve the imticend return to the normal
production, the more production time is lost. Tbigmsequently represents a reduction
of the amount produced by the shift, which in toam imply a wage reduction, once the
workers receive rewards according to the amourdyred by the shift.

This would have consequences not only for the nmectiorkers of that shift, once not
only the machine workers are paid according topreduction volume, but also for
their supervisors. Also noteworthy is the compangspure to fulfill the production
goals and the incentives to competition among thekwhifts, like the monthly reports
presenting the production levels achieved by eamtk whift.

4.3. Punishment and tolerance

Doing the bypassing action, the worker is in nonptaiance with a company's

procedure and can be punished by doing it.

Bypassing actions with no further consequencesanemonly tolerated, except in the
cases in which accident with greater severity happ&enerally, after such cases,
companies tend to increase the number of warnprgsedures and safety barriers.

5. CONCLUSION

The bypassing acts and manipulations in machinegynagore common than what is
usually estimated. In this paper, it was presemtedexample of an incident and a
bypassing act done to solve it. Then, some aspexjarding the workers’ conflicts of
interests in such situations, were discussed.
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Conflicts of interests like the ones presentedtmaidentified in similar cases. They are
generally outside the OH&S scope. Neverthelesspaden analysis demonstrates that
sometimes they may not be. It is defended that msthes have a direct influence in the
workers decision for doing bypassing acts or not.

It is argued that understand these conflicts akd taem into account is a condition to
promote safer and healthier work environments. @tise, the safety systems will
continue being bypassed.
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Abstract: Over the past decade number of automatic trainratee lines is worldwide
significantly increased. This is the result of nuous advantages of its application related to
traffic control and energy saving issues. One gfidicant advantages of its application is
improvement of train driver cognitive ergonomics ethis an important factor for improvement
of train and traffic control efficiency. In this par experiences with automatic train operation
and its impact on the train driver workload will bescuissed.

Keywords:automatic train operation, train driver cognitieegonomics, traffic control efficiency

1. INTRODUCTION

Automatic Train Operation (ATO) refers to a systirat guides the train automatically
by the information provided by an automatic trarotpction (ATP) system [1]. It is an
operational safety enhancement device used toauttpnate operations of trains which
insures partial or complete automatic train pilgtiand driverless functionalities..
Mainly, it is used on metro railway systems whick aasier to ensure safety of humans
but it is also used on other kind of railway systemdost systems elect to maintain a
train driver to reduce risks associated with fa&ior emergencies.

Its onboard subsystem is responsible for the auionwontrol of the traction and
braking effort in order to keep the train under theeshold established by the ATP
subsystem. Its main task is either to facilitate dniver or attendant functions, or even
to operate the train in a fully automatic mode whitaintaining the traffic regulation
targets and passenger comfort. It also allows ¢hexcson of different automatic driving
strategies to adapt the runtime or even reducpdier consumption.

Its wayside subsystem is in charge of controlling ¢tlestination and regulation targets
of every train. The wayside ATO functionality prdes all the trains in the system with
their destination as well as with other data sushtree dwell time in the stations.
Additionally, it may also perform auxiliary and nsafety related tasks including for
instance alarm/event communication and manageneenandling skip/hold station
commands.

There are various degrees of automation (or Grafle@sutomation, GoA) which are
defined according to which basic functions of traperation are responsibility of staff,
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and which are the responsibility of the systemlfitskccording to the International
Association of Public Transport (UITP), there axe fGrades of Automation (GoA) of

trains:

GoOA 0 corresponds to on-sight train operation, lsimio a tram running on
street traffic.

GoA 1 corresponds to a fully manual train operatiomere a train

driver controls not only the starting and stoppiofya train but also the
operation of train doors and handling of emergencig sudden train
diversions. This is a typical grade of automationrhost conventional railway
system (e.g. railway system in Croatia is GoOA 1)

GOA 2 corresponds to a semi-automatic train opama{iSTO) where the
starting and stopping of a train is automated bstadby train driver remains
in the driver's cab to prompt the train to stastcontrol the operation of train
doors, to manually operate the train if needed tndhandle emergencies.
Many ATO systems in the world are of grade GoA 2.

GoA 3 corresponds to a driverless train operativh@) where a train can start
and stop itself but a train attendant may be ptetseoperate the train doors
and to manually drive the train in case of emergenc

GOA 4 corresponds to an unattended train operdtidiD) where the starting
and stopping of trains, as well as operation ointdoors and handling of
emergencies are fully automated without any regwjatequirement of staff

present in the trains

Grade of Type of Setting train Stopping Door Operation in
Automation train in motion train closure event of

operation Disruption

v [
G with driver

Goh 2 Q\V ATP and ATO
with driver
i x Train Train
Go# 3 UI Driverless Automatic Automatic attendant attendant
Goh 4 \ uTo Automatic Automatic Automatic Automatic
ATP - Automatic Train Protedion ATO- Automatic Train Operation

Figure 1 Grades of automation according to basic functmfrtsain operation [2]

This paper refers to GoA2 ATO systems which arel usemany railway lines

around the world.
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2. THE PURPOSE AND EXPERIENCES WITH AUTOMATIC TRAIN
OPERATION

The increase of demand for transport service ihtraffic stipulates higher ratio of
consumed infrastructure capacity [3]. A number mfraaches (e.g. building new lines,
optimizing the length of block sections etc.) colidng increased capacity but are
accompanied by an increase of investment. Theref@e approaches for increase of
railway capacity while minimizing the railway opéray cost are sought for, enabling a
better use of the existing infrastructurg real-time optimization of railway operations.
Hence currently two approaches have been develppmagtime timetable rescheduling
and optimisation of train operation. In the caseafiventional railway lines real-time
rescheduling plays a key role in improving of ralwnetwork capacity and ATO is
widely applied in high-speed railway and metrowaly systems. Compared to the
conventional mixed-traffic lines, high-speed lirsesl metros have less heterogeneity in
train types and stable timetables and increaséu ¢ccamputing power. Hence the high-
speed lines and metros focus more on the trairigdtion (e.g. energy efficient train
operations) so far, whereas the conventional lirdeas more efforts in infrastructure
optimization.

However, the separation of optimization betweemastfucture and train operation is
only an interim state. In the very near future, \ational rail lines will be updated
with new systems, high-speed lines will no longerdedicated lines but mixed with
conventional lines, while metros are predictedntmive more rescheduling because of
the increasing disturbances in the rush hour. @nafothat the strict limits between
metros and mainline railways tend to disappearlfdihat case integrated approach will
be used.

CDR - Conflict Detection and Resolution (on-line
timetable rescheduling)

SPG- Speed Profile Genera

Figure 2 Integrated rail traffic optimisation approach

The primary task of ATO is to realize automatidrtrapeed control to ensure trains
operated as planned.he output depends on specific ATO automation leegher
direct commands to the train system as full aut@nadr the advisory information to
the driver as semi-automation.
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3. IMPACT OF AUTOMATIC TRAIN OPERATION ON THE TRAIN
DRIVER WORKLOAD

The increase in traffic intensity and complexity thé railway system demands new
methods for real-time traffic control. Considerithg main problems of modern railway
traffic, improvement in its efficiency in the firplace can be achieved by improvement
of execution reliability and stability of timetabl®]. Thus, the aim of the speed
regulation task is to control the train trafficander to realise the current plan as well as
possible and to save energy at the same time, whilsidering the constraints given by
the safety system and the operational procedures.

With the aim to successfully accomplish this tasknt drivers can be supported with
train driving support systems usually called Drivetvice System (DAS). The use of
these systems allows online response on timetadteirpations which can decrease
efficiency of railway operations. This has a pasitieffect on the flexibility of train
control process which can result in improvement raiffway traffic management
efficiency [6]. Beside that a very important adwaye in use of these systems is an
energy efficient train driving by their influencen drains speed profile. Namely, it is
known that speed profile of the train plays an ingat role in its energy consumption
and by that it affects on its running time whichedtenines its driving strategy.

While driving the train the driver’s primary goalse to:

« Maintain safety (safety duties take priority ovétrogher duties)

* Maintain the schedule of the service (to ensurdamaas possible, that the train
runs to time and any avoidable delay is prevented).

« Additional driving initiatives (improving energyfefiency of service) [7].

Visual percept,

Regulation
g Noise and motion

factors

Opara¥onal
factors - Y H i .= Speedometer
1 13 )

Target Train
Speed Speed
N\ /4
Comparator
Increase or
Error i Decrease speed
] signal i

2;;;23r:<ﬁnnq ___________ ,lsp eed Conlroll ........ i

Figure 3 Cognitive Task Analysis of the Driver’s Train Sdeg@ontrol Activity [7]

The basic problem in usage of this system is howrésent DAS information in the
cab. The presentation of the information should &amcommunicate the advisory
information to the driver in a robust manner and iway that minimises any disruption
to the driver's other activities. It should not rkaser otherwise compromise the
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presentation of safety critical or higher priorityformation provided by other cab
instruments, and should not itself be masked bygdweral environment of the train
cab. There are three basic approaches for themiadie® of DAS information to the
train driver, visual, auditory and combined.

By visual approach the problem is that the traiivadr in order to receive complex
visually presented information, should direct cehtvision to the location of the
instrument and during this period the driver ishladgo acquire other visual information
(other than through the less acute peripheral njsiBesides, train driving is a visually
demanding activity and the driver must already rwona number of different in-cab
instruments (especially the speedometer, which nimestregularly consulted), and
monitor the track ahead for signs, signals andktmalostructions. Additional visual
activities, such as monitoring the DAS, are redgdime amount of time available for
existing visual activities, and may disrupt perfarme of many of safety critical tasks.
Furthermore, many of the existing auditory alerid avents in the train cab are safety
critical — alarms and verbal communication with tthiepatcher and some discrete
auditory events may be missed or misinterpretedudiag the robustness of the
communication. Therefore, continuous tones wileifdre with other auditory events
and would not be acceptable to a driver. Furtheemauditory information is restricted
to a smaller range of coding levels that the hupjarator can distinguish and associate
with different meanings. This limits the complexity the information that can be
communicated and makes the auditory presentatgmrgbust. Speech may be regarded
as a special case of auditory information as itaaliver complex information that the
driver can readily understand. These speech dispig still presenting discrete
information that may be subject to masking and m&ynissed or misunderstood by the
train driver [7]. All this results in bad impact t¢ime train driver ergonomics and requires
the application of a new approach in train operatio

A possible solution for this problem representomation of train operation processes.
The main purposes of automatic train operationtaravoid the negative impact of
human operations on traffic safety, to improve cipaof railway line and to enable
energy efficient train operationshereby, the primary task of ATO is to realize
automatic train speed control to ensure traoperated as planned. Hence primary
purpose of ATO systems of grade GoA 2 is to helptdriver to perform this task.

Advisory .
informatin [0

Production

Train ATP Command
Management ATO
I %

Figure 4 Comparison of DAS and ATO control loops [4]

outer-foop

This kind of ATO system relieves the driver of mafunctions and delivers high
accuracy in producing services according to theetadle, thereby giving him more
time to watch for abnormal conditions in such tglig closed circumstances.
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Comparing to DAS supported train operation appkaont the GoA 2 increases the
amount of time available for other, more importasperational visual activities and
improves performance of many safety critical tadilsng the train operation.

In normal conditions i.e. if there is no disruptiontraffic, this grade of ATO system
performs all the functions of the train driver, egt for door closing. The driver only
needs to close the doors, and if the way is ctbartrain will automatically proceed to
the next station.

3. CONCLUSION

The main purposes of automatic train operationtaravoid the negative impact of
human operations on traffic safety, to improve cipaof railway line and to enable
energy efficient train operations. By the comparigd GoA2 ATO and conventional
DAS supported train operations it can be conclutted appliance of this grade of
automatic train operation could respectively imgrotrain driver ergonomics by
significantly reduce of the train driver workloathis can result in higher efficiency of
railway operations by avoiding the negative impatthuman operations on traffic
safety, improving of railway line capacity and toeabling more energy efficient train
operations.
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Abstract

Aircraft maintenance is defined as preservatiospirction, overhaul and repair of an
aircraft, including replacement of parts. Mainter@ntasks have to be done very
carefully and accurately, therefore maintenancespanel’'s work space has to be
adequate for personnel to maintain aircraft. Redjola for aircraft maintenance states
that work space shall not distract personnel fraanrging out maintenance inspection
tasks. This paper deals with investigation of ptaisidlimensions of work space during
small training aircraft maintenance, according erita contained in MIL- STD1472,
which analyze and evaluate the human engineerimedas of equipment design.
Specific areas are analyzed including space reqguifer standing and seated
operations; standard and special console desigmmpartments, stairs, ladders and
ramps; entrance and exit through doors, etc. Reseflimeasurements will be presented
and discussed.

1. INTRODUCTION

Humans are an integral part of aircraft operatiow anaintenance. Environmental
factors such as temperature, vibration, pressumajdity, noise, time of day, amount of
light and G-forces can affect human working perfance and maintenance tasks.
Maintenance tasks have to be done very carefutyameurately, therefore maintenance
personnel’s work space has to be adequate for rpeslsto maintain aircraft. EASA
(European Aviation Safety Agency) regulations focraft maintenance named PART
145 PART 145 [1] defined working environment coiais such as temperature,
lighting, noise, ventilation, etc., but there is precise definition and dimensions of
maintenance personnel’s work space. MIL-STD1472mblu Engineering Design
Criteria for Military Systems, Equipment and Fa@é provided quantitative
requirements and a detailed design of work spéglce [2

2. INTERNATIONAL REGULATIONS RELATED TO WORKSPACE
OF MAINTENANCE PERSONNEL

2.1. EASA PART 145

EASA regulations for aircraft maintenance named FPARI5 (European Aviation
Safety Agency - PART 145[1] defined working envinsent conditions including
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aircraft hangars, component workshops and officeomenodation. The working
environment must be such that the effectivenegefonnel is not impaired. PART145
defined that :

1. Temperature must be maintained such that persararelcarry out required
tasks without undue discomfort.

2. Lighting is such as to ensure each inspection aathtenance task can be
carried out in an effective manner.

3. Noise shall not distract personnel from carrying iogpection tasks. Where it
is impractical to control the noise source the feiance personnel have to be
provided with necessary equipment to reduce exgessioise during
maintenance. This is the most important conditiomnected with this article.

Where a particular maintenance task requires tpécagtion of specific environmental
conditions different to the foregoing, then suchmditions are observed. Specific
conditions are identified in the maintenance datae working environment for line
maintenance is such that the particular maintenanagspection task can be carried out
without undue distraction. Therefore where the waglenvironment deteriorates to an
unacceptable level in respect of temperature, mn@shail, ice, snow, wind, light, dust
or other airborne contamination, the particularntenance or inspection tasks must be
suspended until satisfactory conditions are rebdéistaed.

2.2. MIL-STD 1472

MIL-STD 1472, Human Engineering Design Criteria fdilitary Systems, Equipment
and Facilities, provide principles and methodoldiggt are used to integrate the human
into the design of equipment to achieve missiortess [2].

The goal of this integration is to optimize effeetess, efficiency, safety and reliability
of the operation and maintenance of equipment. qiantitative nature of criteria
contained in MIL- STD1472 aids in analyzing and laating the human engineering
aspects of equipment design.

In a document DOD-HDBK 743, anthropometry of theSUMilitary Personnel are
contained data obtained by actual measuremenfpoégentative population samples of
military personnel. As an example, DOD-HDBK 7430wl that only 5% of the
persons (male and female) were less that 60 irf{Xé&dPm), and that 95% were 73.1 in
tall (1.86m), or less. Therefore, for human engimee purposes, the design must be
able to accommodate personnel who are betweendb®@3h in tall [2].

Physical dimensions of the work space must be atedor personnel to operate and
maintain equipment. Specific areas analyzed inclgEce required for standing and
seated operations; standard and special consolgndesew compartments, stairs,
ladders and ramps; entrance and exit through doatshatches and surface colors. The
key to optimizing work space is to design the spacmund the person, rather than
designing the space and then putting the persdn By designing around the person,
costly redesign efforts resulting from insufficiembrk space can be avoided.

3. DESCRIPTION OF AIRCRAFT MAINTENANCE FACILITY

The flight training organization as a part of Faguf Transport and Traffic Sciences,
University of Zagreb, named Croatian Aviation Trag Center (or in Croatian
Hrvatsko zrakoplovno nastavno sredisteHZNS further in the paper) uses its own
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aircraft maintenance facility which is located viithe Luwko Airport, 11km southwest
of Zagreb. The facility consists of a maintenaneedar and additional facilities. The
total ground floor area of the aircraft maintenafaaglity is 1092.4 rfy Fig. 1.
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Fig. 1. Aircraft maintenance facility [3]

The hangar is used mostly for all the necessarystasuch as maintenance, repair,
assembly and storage of aircraft. Offices are ligeHZNS employees, and classrooms
and simulators are used mostly by training studérte aircraft maintenance facility is
used for base and line maintenance of small trgiaircraft such as Cessna 172, Piper
34 and Diamond Katana DV20. Line maintenance iresudninor repairs and
modifications which do not require extensive disagisly and can be accomplished by
simple means. Base maintenance includes major sigteanaintenance (or checks)
which are described in th@aintenance program. Training aircraft is maintdiaéer
every 50 flying hours. Duration of maintenance wafter 50 flying hours is 8 to 10
man hours, while maintenance after 100 flying hogeserally takes 16 to 20 man
hours.

An aircraft during typical base maintenance is enésd on Fig. 2.
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- - : 71
Fig. 2. Aircraft on maintenance in the HZNS facilityourtesy of HZNS hangar
supervisor Damir Donkowj 2011)

The maintenance facility is well illuminated by uatl and artificial lighting. Offices
and hangar facilities are heated by a central hgalystemThe maintenance facility is
provided with all necessary plumbing, electricalephone, fax, internet and other
utilities required for normal operation of HZNS. & paper [4] presents that the noise
levels in all areas of the maintenance facility evsatisfactory regardless of the level of
noise that is generated on the aircraft duringngéntenance. In this paper, maintenance
personnel body dimensions and work space dimensidmsng aircraft base
maintenance regarding HZNS technicians are predente

5. MEASURED ANTHROPOMETRY  AND MAINENANCE
PERSONNEL WORK SPACE DIMENSIONS

There are four technicians in HZNS that performntemiance on aircraft in the fleet.
Standard anthropometry according to MIL- STD1472ded as a form for measuring,
figure 3.

A S 7~ ‘MIL-STD-1472C
=y
—_—
YN
N\
g
123 _ /
4 5
J
LT o
6 *SAME AS 12, HOWEVER,
10 RIGHT SHOULDER 1S EXTENDED

AS FAR FORWARD AS POSSIBLE
WHILE KEEPING THE BACK OF
THE LEFT SHOULDER FIRMLY
AGAINST THE BACK WALL.

Fig. 3. Standing body dimensions [2]
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Standing body dimensions for HZNS technicians intioeeters are shown in a Table 1.

Table 1. Standing body dimensions for HZNS techniciansnn ¢

Techl | Tech2 Tech3 | Tech4

1 Stature 1571 173 182 165
2 Eve height (Standing) 158 157 173 155
3 Shoulder (acromiale) height | 139 142 153 138
4 Chest (nipple) height 124 125 136 123
5 Elbow (radiale) height 103 105 118 106
6 Fingertip (Dactylion) height | 61 68 69 65
7 Waist height 105 106 107 96
8 Croteh height 79 77 83 77
9 Gluteal finrow height 78 76 82 76
10 | Kneecap height 54 54 56 57
11 Calf height 37 37 47 42

2 | Functional reach 82 83 84 70
13 Funetional reach. extended 93 97 100 82

As seen in Table 1, all technicians are between db 182 cm tall. Therefore, for
human engineering purposes, the physical dimensibmgork space must be adequate
for personnel to operate and maintain the air@aft each maintenance task have to be
easy to perform.

Measurement of workspace has been conducted dorvatigtenance tasks on a single-
piston engine aircraft Cessna 172, Fig. 4. The @452 is the most frequently used
single-piston engine training aircraft, often useélight training organization fleets.
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Figure 5 presents typical body positions duringnmeance and preferred work space
dimensions according to MIL-HDBK-759A [2].

minimum | preferred

1. height 51 61

I. lenght 186 191

K. height 122 -

L. width 68.5 91

M. width 66 102

N. width 106 122

O. height 142 -

P. opt. work point - 68.5

Figure 5. Body positions during maintenance and work sgicensions
6. CONCLUSION

Regarding the dimensions of maintenance persomtktpeeferred dimensions of work
space during maintenance of C172, it can be seah dali dimensions of the
maintenance work space outside the aircraft arsfaetory for these maintenance
personnel. For technician no. 3. in table 1, itasy difficult to maintain the interior, the
pilot cabin, and under the aircraft, due to his eligsions. For these maintenance tasks,
work has to be done by other available personnel.
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Abstract

A study was undertaken in order to manufacture ggorgomic and customized foot
orthotic insole using 3D scanning techniques and @inter. The shape of the
customized foot insole was determined using 3D rsogn technology, 3D

reconstruction of foot and 3D image processingriheo to design the foot insole and to
avoid the abnormal position and motion of foot dgrpait. The foot orthoses obtained
by 3D scanning are expected to improve gait condad effort, improve foot-loading
characteristics and reduce fabrication time andtcoempared to manual customized
foot insole fabrication techniques. The paper diéss the 3D scanning method
approached, processing phases, and manufacturing ofistomized foot insole. The
correct design and fabrication of customized fawdoie determine patient comfort,
acceptance, and restoration of normal foot funcion

Keywords:3D scanning technology, 3D image processing, 3bter

1. INTRODUCTION

The manual methods for creating customized foohasmgs have many drawbacks
including the time-consuming and imprecise procgki&h may affect the comfort of
prostheses or ortheses. The use of the new compidied technologies is often faster
and decreases the amount of practitioner time reduifor conception and
manufacturing of ortheses.
Prostheses and ortheses manufacturing with compided technologies may include
next main phases in connection with image procgsasinl fabrication [1,2,3]:

» 3D data acquisition of anatomic surface geometry;

» 3D digital model reconstruction;

» Fabrication using Rapid Prototyping.
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I.1 Scanning
A lot of different techniques can be approachedh\8iD scanning. Each technique has
its own advantages, limitations and costs. Mostwkn@D scanning techniques use:
Coordinate Measuring Machines (CMM); 3D ultrasodedices; CT-Scanning devices;
MRI - Scanning devices, Laser scanners; Scannerth wgitructured light;
Photogrammetric scanners, Radio frequency (milématave) devices. There are a lot
of modern commercial solutions for anatomic surfacanning without penetration
under the skin:

e Laser scanners;

e Structured light scanners;

e Video cameras and markers;

« Stereo photogrammetry;
1.2 3D model reconstructign

Computer programs (known as scanning software) umed in scanning

techniques to perform 3D digital construction. Thain goals of the 3D scanning and
reconstruction software are to import the photosifthe scanning device, to eliminate
the artifacts and to transform the data into 3D0talignodel.
1.3 Fabrication by Rapid Prototyping
CAD/CAM and Rapid Prototyping are tools for theitamanufacturing of customized
prostheses and orthoses. 3D printing is a low-@it&rnative to traditional rapid
prototyping for fabricating customized componeBf3. printing is a process of making
3D solid components from digital models using agdittechniques and creating by
laying successive layers of material.
A foot orthosis is a functional device designedctorect and optimize foot functions
and is commercially available under the name “fosble”. Foot orthoses can help a lot
of specific foot conditions [3,4]: Underpronatio@yerpronation, Ankle Sprains, Flat
Feet, Arch Pain etc. The paper describes the woalsgs used from data acquisition, to
image processing and fabrication of a customizedt fmsole. The ergonomic
characteristics of the used devices and of the whdses of fabrication are revealed.

2. TECHNICAL REQUIREMENTS

The most important aspects of a foot orthosis lageotrthosis design and the quality of
the insole material. The foot insole is the integfebetween the human foot and the
shoe. The design and fit of insole determine pateteptance, comfort and energy
expenditure. The manual method for designing irssadguires a skilled prosthetist and
time consuming phases [4, 5] as in Figure 1. Falmnment of the prosthesis was
performed using visual gait analysis and patieadfack.

Figure 1: Traditional method for forming foot insoles
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Manual fabrication has a direct influence in thalgy and in the operational costs. The
prosthesis is geometrically irregular obligating throsthetist to make adjustments.
These adjustments increase substantially the faimit time and costs and sometimes
cause traumas to the patient.

A structured light scanner was used to develop adRjital image of the foot of a
patient. These 3D scanners project patterns of tigtlthe foot of a patient using a video
projector and the cameras record the distorteeymatThey usually use several pairs of
cameras, with the images sent to software thatulzdés the binocular disparities
between corresponding points in each pair of images 3D geometry is inferred using
stereoscopy. The images are sent to software tlatlates the binocular disparities
between corresponding points in each pair of imagelsreconstructs the 3D model.
The fabrication of foot orthosis was performed wdtleost effective 3D printer working
with fibers.

3. RESULTS

In the first step, data acquisition is accomplislusthg noncontact 3D scanner (Artec
MH) with structured light (Figure 2). The scanneojpcts a structured light onto the
foot of a patient. The Artec MH 3D Scanners useewiccamera technology with
structured light and capture a multitude of frames.

- o
i

(",,,_

¢
Figure 2. The Artec MH scanner

The frames are combined automatically (in the seamaftware) into a single 3D mesh,
in the 3D reconstruction step. The mesh represbets8D surface model of the foot

(Figure 3 left).

Figure 3. The 3D model of the foot (left), foot imprint press
(center) and final imprint (right)

In order to obtain the foot imprint, the 3D surfanedel of the foot (Figure 3 left) was
combined with the 3D model of a surface box. FigBrécenter) shows the 3D foot
model overlapped with the model of a box. The 3Dt fmodel was then subtracted
(Boolean operation) from the 3D box model. Afteg fbot subtraction, the 3D shape of
the foot was imprinted in the box model (Figureight). Boolean operations with 3D
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surface models may be performed with 3D graphitwsot like Studio Max, Blender
(free software), AutoCAD (special add on) etc. hdery to manufacture a foot insole
which properly fits a foot of a customer, the faogles of the customer's foot (Figure 4)
are measured.

lateral distal tibial angle

calcaneotibial angle 2 i

ankle joint axis

tibial axis

calcaneal axis

Figure 4. Foot angles and axes (view from rear)

The foot angles are of the most critical informatia custom-made manufacturing of
foot insoles. The angles of inclination of a hunfiaot are measured by an orthopedist,
physiotherapist, artificial-limb orthotist, shoétér etc. while the foot is being examined
by touch. Modern measurement methods include differechnologies based on image
recording.

The orthotic technician has to include in the fiosble model all dimensions, angles (as
in Figure 4), adjustments and details as prescriyethe podiatrist in order to restore
faulty foot function.

Also, technician has to fit the foot insole and #imape or the last (straight, inflared or
outflared) used by shoemakers in the manufactuighoés. Final shape of foot insole
has to be saved in STL format. Final modificaticas be done with different editing
functions in any 3D modeling software.

In the final step, the 3D model of the foot insalas transferred to the software of a 3D
printer, BFB 3D type (Figure 5) in order to conv€aD model to 3D print data.

The BFB 3D Touch printer has multi-material freenfing capabilities, 3D printing
volume of 275x275x210mm3, and 126 layer thickness. This printer is one of the
most affordable 3D printers in its category andrighe market.

Thermal head (x and y displacement)

Working table (z displacement) Roll of material

Figure 5. The BfB 3D Touch printer
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In this approach, the printer used melting or softg material (acrylonitrile butadiene
styrene or ABS) to produce the layers of the objegure 6 shows the 3D foot insole
created by the 3D printer.

“

Figure 6. The 3D printed foot insole

New materials for 3D printers recently appearedviétter mechanical characteristics
and they will be used in a future approach.

3. DISCUSSION

Main ergonomic characteristics of proposed fodtasts fabrication are:
* The use of modern technologies like 3D structutigtit|scanners and 3D
printers;
e The use of the one of the most cost effective sogndevice (about 10,000-
12,000 Euros)
e The use of noninvasive radiations during 3D scagnin
» Noncontact technique during scanning;
* Rapid scanning procedure (3-5 minutes);
» Relatively rapid 3D reconstruction (10-15 minutes);
» High precision in the 3D reconstruction of anatorsigfaces (about 1 mm
errors);
* Very easy to modify 3D models;
» The use of the one of the most cost effective 3bters (about 3,000 Euros);
*  Work characteristics: speed and repeatability;
e Customized orthoses determine patient comfort ardgy expenditure.
Proposed orthoses 3D modeling and fabrication bamee disadvantages:
* Requires skills in the use of some 3D reconstraciad CAD or computer
graphics software;
e Some materials used in the 3D printing are expensiv

4. CONCLUSION

The study showed the feasibility of the use of g@mmers with structured light in the
scanning of anatomic surfaces and of the 3D psntethe fabrication of foot orthosis.
Proposed scanning and fabrication of foot orthasss ergonomic and cost effective
solutions for computer aided fabrication. Thesaitsmhs may help the medical staff to
fabricate customized orthosis or different pieces érthosis and prosthesis with
relatively cost effective equipment.

Most important advantages of the use of 3D scanrang Rapid Prototyping
technologies are: the use of digital models, capgpeed, repeatability and material
uniformity.
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Prices for optical scanners, CAD software, and 3iters range widely and have
gradually come down over time.

The design and fit of customized orthosis determiaéent acceptance [6], comfort and
energy expenditure.
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Abstract:

Noise levels in light aircraft interiors, particullyr during take-off and climb phases of flight,
often exceed acceptable values. Communication betaepiot, copilot and an Air Traffic
Control (ATC) staff, as well as among passengergvsre disrupted in such noisy environments.
Based on noise measurements in a typical repreeataf a light aircraft, its spectral content
and corresponding noise levels, parameters relewanspeech intelligibility are calculated.
Speech Interference Level (SIL), Articulation Ing&® and maximum communication distances
are determined for various flight phases and vadtdrts.

1. INTRODUCTION

High levels of noise considerably downgrade thelityuaf speech communication,
confirming this setback as a serious flight safisgue, [1]. Communication between
pilot, copilot and ATC staff is often downgraded e masking effects of background
noise, [1, 2]. Beside communication difficultiesgin noise levels increase stress and
anxiety levels that influence psychomotor perforogarand can increase numerous
errors in tasks that require vigilance, concerdgrgtcalculations and timing judgments,
[3]. Interior noise levetlepends a lot on the aircraft and its powerplaet,angine and
propeller, but on average, the values are 80 dBl\above, up to 110 dBA in case of
some piston aircraft (e.g. Cessna 210). Prolonggdsire to the noise exceeding 85
dBA is related to hearing damage risk, [2]. Fortaier phases of flight (e.g. takeoff)
most general aviation aircraft do not provide adég@coustical ergonomics.

2. THE SOURCES OF AIRCRAFT INTERIOR NOISE

Aircraft noise contains the following main compotgeenengine noise (with engine
compartment elements such as pumps and alter@atran exhaust system), propeller
noise, airframe noise and structure borne noise (@aticular kind of airframe noise),
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Figure 1: Aircraft noise sources Figure 2: Noise spectrum (adopted from [6])
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[4, 5]. Aircraft interior noise is combination ofl anentioned components thatith
various degreespenetrate into the aircraft cabin as shown in HigAt low RPM
interior noise is dominated by engine and exhaust noisehigiter RPM, due to
propeller tip speed, the influence of propellerseobecomes considerable. In flight,
aerodynamic noise becomes meignificant as progressive speed rigésisespectrum
of two commonlight aircraftis shownin Fig. 2, [6].

3. SPEECH COMMUNICATION UNDER NOISY CONDITIONS

Human speech has a fundamental frequency (pitcti)eimange of 100-400 Hz (about
100 Hz for men and 200 Hz for women). Spectral peakthe short term speech
spectrum are called formants and are determinetthdyesonant characteristics of the
vocal tract.Various vowel sounds and transitions among themcagated by these
formants.Normal conversation takes place in the frequenoygeafrom 500 to 3,000
Hz. Consonant sounds are impulsive and/or noisyc&cur in the frequency range of 2
kHz to about 9 kHzSpeech communication is often degraded by the mgsifect of
background noise and changes in vocal effort amessary for various background
noise levels. Auditory masking is intrusion of umted sounds that inevitably interfere
with the speech signal. Masking effect is illustdchtin spectral domain in Fig. 3-5.
When the low-frequency noise is louder than theespesignal it effectively masks
speech. At high sound pressure levels such nofsetiekly masks both vowels and
consonants. High-frequency noise masks only thesamants, and its masking
effectiveness decreases as the noise gets louder.

Noise exposure levels in a light aircraft afforddehan desired intelligibility (<95%).
The effects of cabin noise to speech communicatimnid be compensated to some
extent by various vocal efforts and by reducing tiitance between the talker and
listener. Long term spectrum of speech under varimcal efforts is shown in Fig. 6,
[7] and corresponding sound levels in Table 1.

1

Figure 3: Clean speecﬁw Figure 4: Cabin noise Figure S;MSpeech + noise
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Figure 6: Long term spectra of voice under various vocalrefféadopted fronfi7])

Table 1: Speech levels at various vocal efforts dBA

Voice Average level dB/dBA
Casual 52.0/42.0
Normal | 57.0/47.0 (private speech)
Raised 64.0/57.0

Loud 73.0/62.0

Shout 85.0/72.0

4. THE MEASURES OF SPEECH INTELIGIBILITY
Several noise metrics have evolved for assessmimfluence of noise on speech, [2].
4.1 Speech Interference Level (SIL)

Speech Interference Level is defined as the ariticn@verage of the sound pressure
levels at 500, 1000, 2000 and 4000 Hz octave b&hdz2].

L

siL= et L

+L
4

+L

p1000 p2000

p4000 (1)

A-weighted sound level,, correlate well with SIL for most sounds associatéth
aviation, [2]. Acceptable results of SIL values nisy derived from A-weighted noise
levels by using the following expression, [1]:

SIL=L,,-10 (2)
4.3 Articulation Index (Al)
Articulation Index is the value, between zero am@, Which describes the masking of
speech by background noise; this value is founévajuating the signal to noise ratio

in specificfrequencybands,[2]. A quantitativemeasureof speech intelligibilityis the
percentage of speech items correctly perceivedecutded.
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Figure 7: Al for conversations in various environments, aedfrom [4]

An Al of 100% means that all speech can be undedstd% means that no speech can
be understood. An Al < 0,05 is representative af/\ymor speech intelligibility, and an
Al > 0.80 represents good speech intelligibilityrtiéulation Index can be calculated
from the 1/3 octave band levels between 200 Hz63d Hz centre frequencies, [8]. It
can also be approximately determined from graphlveha Fig. 7. Speech intelligibility
should not be confused with speech quality, sipesesh intelligibility is related to the
amount of speech items that are recognized coyredtile speech quality is related to
the quality of a reproduced speech signal with eesgo the amount of audible
distortions.

5. THE EXPERIMENT

Measurements were performed in Cessna 172N, apfmsgenger, single piston-engine
propeller driven aircraft. Noise signals were reear with 40 kHz sampling frequency
in 16-bit resolution, mono, using the ECM800 Beben microphone, M-AUDIO
Exterior Sound Card C400 and laptop computer. Ntesels were measured using
Nor140 Norsonic Sound Analyzer. A-level weightirsgused for measurements due to
high correlation with people’s subjective judgmefitthe loudness, [2]. Measurement
position was between the front seats at the heasl, laccording to ISO 5129:2001
standard.

6. THE RESULTS

Noise measurements were performed on a one-hote fight. Flight phases and their
corresponding noise levels are shown in Table 2e8p intelligibility measures are
determined for each flight phase and presentedabiel3, with duplicated flight phases
being omitted in the table. An articulation indefix@3 was identifiecasadequate for
acceptable communicatiofs], which is, in this case, found equivalent td. 3P, or 82
dBA.
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Table 2: Flight phases and corresponding noise levels

Phase Noise level dBA (+/- 0.5dBA
taxiing 78.9
hold 80.2
taxiing 81.3
take off run 93.9
take off 91.1
climb 88.9
cruise 83.1
descend 74.0
landing 76.0
roll off 79.3
taxiing 78.7

Table 3: Speech intelligibility metrics

Flight phase| SIL | Al
taxiing 68.9| 0.33
hold 70.2| 0.32
take offrun | 83.9 0,1%
take off 81.1| 0.17
climb 78.9| 0.17
cruise 73.1] 0.2
descend 64.0 0.3B
landing 66.0| 0.36
roll off 68.7| 0.34

The distance between the talker and listener ¢oeimunication distance) is important
when the conversation takes place. Speech levelseduced typically by 6 dB for each
distance doubling between the talker and listef#r, Distance for various values of
SIL is shown in Fig8, and values for various flight phagextracted fronthegraph)in
Table 4.
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Figure 8: Communication distance for various values of Sidofated from [9])
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Table 4: Communication distance for normal and loud voice

Flight phase| normal | loud
taxing 0.13 | 0,48
holding - 0.42
take off run - -
take off - 0.13
climb - 0.17
cruise - 0.33
descend 0.23| 0.90
landing 0.19 | 0.7Q
roll off 0.12 | 0.47

7. CONCLUSION

Cabin noise in a light aircraft significantly interes with speech intelligibility,

particularly during high power settings, e.g. talfeand climb phase of a flight. At
such noise levels, communication between pilot,ilob@nd ATC staff should be

performed using communication headphones, preferalfl noise canceling type.
Despite the fact that an articulation index of ®as identified as adequate for
acceptable communication, the background noisd t#fess than 70 dBA should be a
goal for speech communication in airplane (as im@no cars, for instance). Additional
soundproofing may be required to achieve such sdewels, and may enable more
comfortable travel, at least during cruise phasa fifght. It would also provide further
noise reduction essential for hearing protectiopilots and passengers.
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Abstract

Few reports have effectively evaluated different typa$ sitting positions at computer
workstations and compared laptop and desktop compugage, despite such research being
relevant to rehabilitation; the provision of prevsm guidelines, and postural re-education.
Therefore, the purpose of this research was to dmcevhether there is a difference in four
postural angles (neck angle, head tilt, lumbar &nghd pelvic tilt) with regard to their effect on
the cervical and lumbopelvic segments, whilst perfog a typing task on a laptop and a desktop
computer. Twenty healthy participants were askedetdopm a five-minute typing task on each
computer, while sitting at a standardized workstatibleck angle, head tilt, lumbar angle and
pelvic tilt were identified using reflective markeasmd coloured adhesive papers on bony
landmarks, and the participants were photographedgua digital camera. The results were then
analysed using MATLAB software. Paired t-tests weed to compare the differences within the
angles’ means. Statistically significant differemder all angles were found when comparing
sitting at the desktop computer to sitting at tagtdp. Neck angle (p < 0.0005); forward head tilt
(p < 0.0005), and lumbar lordosis (p = 0.018) whesing the laptop were significantly higher.
The greatest posterior pelvic tilt was associatedhwhie desktop (p =0.018). Therefore, a desktop
appears to be more appropriate for the cervical dmchbar regions; on the contrary, using a
laptop may be more suitable for pelvic tilt.

Keywords: laptop; desktop computer; spinal angles; neck fiexhead tilt, lumbar, pelvic tilt;
posture; photogrammetry, typing task and officeiaga

1. INTRODUCTION

Computer usage at both home and work has now beeoragular aspect of
everyday life for people around the world. Not oidfhere an increase in use generally,
but different designs have emerged in an attemptaase portability. The popularity
of laptops is because of the ease of setting apyaplace, and their manageable weight
and energy saving properties [1]. However, desthite vast developments that have
taken place regarding desktop and laptop usagetbegrast few decades, there are still
adverse effects which should not be ignored, irnlythe possible impact on posture.

The rate of work-related musculoskeletal symptomtS$) and disorders
(MSD) have accelerated to yet higher levels, paldity for the spine [2; 3; 4]. Since
the 1980s, MSD/MSS related to computer use have Emgnised as a common cause
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of sick leave; efficiency loss, and reported woedated sickness in westernised
societies [5; 6; 7; 8; 9; 10]. Over the next 20rgedMSDs are expected to be the most
widespread of the major diseases among UK empldyidgsThe risk of MSD/MSS to
the users of different computers has often beemrtegp as being associated with
ergonomic and postural issues [12; 13].

The angle of a particular screen plays a role iterdaning ideal posture
during laptop or desktop use [14]. Consequentlyjsitimportant to quantify the
biomechanical principles involved [15; 16; 17]. Faca visual display unit (VDU)
involves three main features: looking down on a Viding it straight on or looking
up. Looking down, as seen in laptops, might inaelasver cervical flexion, causing
increased demand on neck extensor muscles as tipgpr$ the head [14; 18], thus
causing neck problems [19; 20]. For an extendetgethe computer user with a low
monitor, tends to lean their head forward (turéekposture). Such posture may lead to
chronic neck pain, influence thoracic vertebrae #ma shoulder blades, and cause
general imbalance in the musculoskeletal strud@te22; 23; 17; 1].

It has been reported that muscle fatigue is linkethe use of a higher VDU,
particularly in both trapezius and cervical erecipinae [24; 25]; while placing the
VDU at eye level or just below 5°, investigatorsuid a reasonably consistent
relationship between muscle activity and NA and [2&]. Therefore, emphasis on the
cervical region (upper and lower) should be tak#o account, as this may influence
the head position, such as forward head posture2®;729], thereby compromising the
resting spinal columr{double-S shape[30; 31; 32] and the whole body [33]. The
lumber and pelvic areas also appear to be keyriacharing sitting [30; 32]. There are
various methods available for analysing posturechsas radiographs, sensors,
subjective measures and digital photogrammetry [3%; 36; 37], although
computerised photogrammetry analysis is considenegl of the most widely used
methods for body posture evaluation [38]. Two-disienal digital image analysis
using Matrix Laboratory (MATLAB) software has beared due to its longevity, the
cost effectiveness, obtaining efficient result® fimm subjective bias as well as reliable
[39]. Consequently, to examine the differences betwusers’ posture during laptop
and desktop use, it is imperative to evaluate pestn a valid and reliable way.
Previous studies have overlooked some central &sspsgach as examining the main
segments simultaneously; starting with the heatutyh to the neck and lumbar and
then the pelvis [40; 41; 42; 43], meaning that mesearch is required to evaluate them
altogether during computer work.

The aim here is to contribute towards the existbmy of evidence by
considering two main criteria: firstly, ergonomicineiples in order to customise
workstations according to the user’'s anthropometegondly, the measuring of neck
angle (NA), head tilt (HT), lumbar angle (LA) anelyic tilt (PT) simultaneously,
rather than assessing them separately. The discowkrstatistically significant
differences in the segment angles, during lapta@bdesktop usage, has implications for
the use of such computers and will contribute ta@saeducing the risk of MSD/MSS.

Therefore, this preliminary study compares théngjtpbosture between a laptop
and desktop during a typing task. The comparisdmsed on assessing the following
segment angles: NA, HT, LA and PT. The results mé&ym a larger study which may
be clinically useful for providing instructions agdiding postural re-education, as well
as muscle strengthening programmes.
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2. METHOD

A same subject crossover design in single sessias been used with
randomisation of the order of typing tasks on twanputers. Healthy subjects with a
normal spine were chosen to take part; therefooagenital abnormalities such as
scoliosis or incidences of MSDs, for instance laelopain or neck pain, were excluded
[44; 45]. A convenience sample of twenty particiisarmealthy postgraduate university
students- was recruited. The study was approveth&yEthics Committee of Cardiff
University School of Healthcare Studies. Partictparad the information sheets and
gave informed consent.

Participants were photographed as they performeihgytasks using a single
digital camera (Sony Cyber-shot DSC-P93, Japar) wib.1 Megapixel Super HAD
CCD type, 14.0-Bit DXP digital photography processi and 3x optical zoom lens
along with a tripod with two in-built spirit levelso as to maintain the perpendicular
position of the camera and eliminate error [46].

1Xcm

Figure 1: Work Station Set-Up and Position of the Camera

The computers were chosen for their popularityesktbp (Sony ®, Model: PCV-7776)
a laptop (HP Pavilion dv3). The tasks were perfatnem a standard adjustable
hydraulic office table (Bambach, ergostyle ®), withck and arm rests removed to
facilitate recognising the markers (Figure 1).

Figure 2: Identification of Reflective Markers over Anatomii¢@ndmarks C7, L4,
PSIS and ASIS and paper markers on Canthus andiSrag
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An adjustable monitor stand for the desktop waglusematch the participant’s eye
level.

Female participants wore tight fitting vests, whitale participants were asked
to take off their shirts. Reflective markers (2 cliameter) were positioned using
double sided adhesive tape on the skin of the iatig anatomical landmarks: thd'7
cervical vertebra (C7); the 4th Lumbar vertebra)(lathd the lift Anterior Superior lliac
Spine (ASIS) and Posterior Superior lliac Spinel@ $Figure 2), whilst the participant
was in a sitting position on the test chair. Thietlagus and canthus were covered by
small sticky paper dots (8 mm diameter). To minaresror, the same researcher placed
the markers, and they were not removed during thelevstudy to ensure further
accuracy, and were checked in the second trial.drtlers in which participants used
the laptop and desktop were randomly chosen, ariitipants were blinded as to when
both sittings were recorded [47].

The participants were given instructions to sithwtheir knees, hips and
elbows at 90° (Figure 1) [48], using the goniometeith the height of the chair and
desk adjusted accordingly and feet placed shouldth distance [49]. The top of the
vertical desktop’s VDU was at eye level [26], anewing distance estimated according
to an arm’s length; the laptop’s angle was betweEdr-126° [50]. Subjects’ forearms
were supported by the table instead of the wrid].[Fhere was a two minute rest
between each session and participants walked atberidboratory.

To avoid changes in the movement of the neck aratl,hevo windows of
Microsoft Word 2010 were divided equally into vedi parallel pages on the VDU. The
typing tasks included two different word documetttsavoid the learning effect [52].
Photographic data on typing performance was andlysing a bespoke programme
within MATLAB 2009b software by Dr Van Deursen o&fdiff University.

Normality and homogeneity were confirmed using dgsams with an
overlying normal distribution curve besides Q-Q. the sample size was < 50, the
Shapiro Wilk test was run for each set of anglesafgprove the normality and avoid
misinterpretation. Dependent t-tests were usenapare differences within the angles’
means. Significance level was set at a level d.0.0

3. RESULTS

The recruited sample consisted of 15 males andmaléss. The demographic
data presented in Table 1.

Table 1: Demographic characteristics of participants

Male (n=15) Female (n=5) Overall (n=20)
Mean SD* Range | Mean SD* Range Mean SD* Range
Age 30.1 +2.5 25-34 284 +3.3 26-35 29.7 +2.8 25-35

(years)

Height 170.45 +7.72 151-182 166.9, +10.33 157-18p 169.58 .58 185.51
(cm)

Weight 76.32 +11.28 60-95.4 62.1 +7.35 49.4- 72|11 7276 2.3 95.4-49.4

(Kg)
Forearm 46.73 +2.32 42-49 45.4 +6.86 34-54 46.4 +4.2 54-34
length
(cm)
BMI 26.31 +4.14 21.36- | 26.74 +2.55 22.25- 24.95 +4.22 20.4-37.53
(Kg/m?) 37.53 29.55

Key: n=sample size, SD= standard deviation, cmiretres, kg= kilograms, BMI= body mass index, nj?=
square meter.
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Unlike the desktop, NA maximum positions were notsih the laptop
workstation, causing the highest forward head osivith 9.17 difference (Table 2).

Table 2: The mean value and difference in all posture angitween Laptop and PC
during typing work [mean (xSD)]

Workstations
Angle Laptop Desktop The difference between the two conditions

NA 54.1 (5.8) 45.35 (7.37) 8.76

HT 144.27 (7.96) 149.81 (8.42) 5.54

LA -11.84 (10.35) -9.8 (8.98) -2.04

PT -2.85 (5.96) -4.27 (4.76) -1.42
Key: NA, HT, LA, and PT denote neck angle, heat ilmbar angle and pelvic tilt respectively. Négat
values denote to either lordosis or posterior PT

HT had a similar result, with approximately ah dfference. Both typing
stations resulted in a negative value in both LA &T for the majority of participants
(Table 2). Forward lumbar kyphosis’ revealefl dfferences with the laptop compared
to the desktop. In contrast, the greatest negdiVewas found with the desktop -
roughly 50% extra than the laptop. A single outigenoticed at NA during laptop and
HT on desktop for a female subject who was alstiwetest participant (Figure 3).

teck Angle Head Tilt Lumbar Angle Pelvic Tiit

Tag R

Range for NA, HT, LA and PT during Typing Taskslaptop and PC.

The data shows a statistically significant differer(t = 8.93, p< 0.0005) in the mean
angles of NAs. This reflects the angles during taptop task being statistically
significantly higher (mean= 54,1SD= 5.8) than for the desktop (mean= 45.3D=
7.37). Similarly the mean angles on HTs are (t336p< 0.0005), while the mean
angles for the laptop task are statistically sigaifitly lower (mean= 144.97SD= 7.96)
than for the desktop (mean= 149,83D= 8.42).

Both lumbar and pelvic segments show statisticgitipificant differences (t= -
2.6, X 0.018) and (t= 2.57,90.019), respectively. The mean angles of LAs & th
laptop task are statistically significantly greaieean= -11.84 SD= 10.35) than for the
desktop (mean= -¥8SD= 8.98); whereas mean angles on posterior Rifiaglthe
desktop task are statistically significantly higlgerean= -4.27 SD= 4.76) than for the
laptop (mean= -2.85.69SD= 5.96).

4. DISCUSSION

The results demonstrate that there were statilstisanificant differences in NA, HT,
LA and PT between the two computers. The studyamés reveal that neck flexion
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and tilting the head while working on a laptop tatistically significantly different
compared with a desktop, for NA as well as HT asdlbee p value for both is <0.0005).
The current study’s findings on NA and HT concuthaé number of studies’ reports
and contrast with others. In terms of inferentiablgsis, the significant differences
within NAs and HTs in the present findings are d¢stesit with data presented by
Straker et al. [42] and Saito et al. [40] who fowminpaoratively significant differences
between laptop and desktop use during a typing tdsiwever, the descriptive figures
are not relative to some extent. For example, #réamnce in NAs and HTs were 8.6
and 8.2 respectively in the experiment by Straker et 42][ while the current study
reveals 9.12and 7.53 Nonetheless, NA was 3.8nd HT -16.4in the study by Saito
et al. [40]. The lower degree for NA by Strakeraét[42] could be explained by the
calculation method being manual, with deviatiomsrfra vertical reference mark, which
reduced the reliability level compared with a grdusference for body segments [53].
Meanwhile, the great difference that took placehia study by Saito et al. [40] cannot
be clarified because of the uncertainty of the mesmsent tool, and also markers were
used for the neck and head position. In contraih&rs et al. [41] have reported a non-
significant difference in NAs and HTs during botkiping tasks. However, the
researchers may have dealt with the comparisoheofaptop in a way that could have
introduced another variable by providing a sepatagboard, which might have
reduced the internal of validity of using the lgptgown keyboard. Hence, comparing
laptop outcomes with a desktop in their study mayrizomparable; regardless of that,
the current study would be inappropriate.

These variances in the postural results may béerkla the variation between
the devices’ designs. For example, the laptop sciedikely to cause pulling of the
head and neck downwards and forward, and he upmgisture in this study’s
procedures could be an additional factor that ezeaggs the position in the laptop task
due to the position of the screen. Thus, an iner@ashe upper cervical curvature (C1-
C4) as well as a decrease in the lower cervicalature (C5-T1) could be a problematic
consequence [20]. Alternatively, the desktop seenmsoduce more upright posture for
the cervical region.

Extreme NA combined with the head tilted forwardyd a major role in the
load on cervical segment tissue, perhaps resuhitige development of MSD/MSS [4].
Loads not only affect the neck segment but alserostructures, such as'1 and 2°
rib elevation; upper thoracic kyphosis alterationd aelevation; protraction, and
downward rotation of the scapulae [12; 1]. Forwlaedd tilt increases the pulling forces
on the spine, exaggerating the posterior part efthioracic region as it works as a
stabiliser [29]. Cervicothoracic junction’s mechamitherefore is affected, as extremely
limited and great kinetic segments are linked @l@r and cervical, respectively) [28].
Gill and Callaghan [27] also report that a secopdggmptom may occur from abnormal
proprioception in injured and irritated joints. Sliem to the outcome of Annetts et
al.[32], a positive pattern has been recognisedidet both segment angles, that is, as
the NA increased, the HT posture increased as whliich may lead to increasing the
upper cervical extension and the HT and vice veFké pattern could work to balance
the head posture alongside the gaze at the VDT digtaining the direction of the eyes
for reading the screen.

There are statistically significant differencesvietn LAs and PTs for the
laptop and desktop, with LA and PT angles &f .019 and< 0.018, respectively. Both
angles were extracted in a negative magnitude asdézation of lordosis and posterior
PT, except the single value in LA and two in PTe3& were a male’s LA, perhaps
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indicating a congenital deformity; the positive PiTa female subject may be a result of
gender posture differences because of the diffgsehtis shape [54], which requires
further research. To the researcher’'s knowledgehettime of writing, no reported
studies have examined the differences in LAs ar@fobetween laptop and desktop use
when sitting upright performing a typing task. matstingly, the laptop task had more
influence on extreme lordosis, which possibly resfdiom the smaller posterior pelvic
rotating, as stated by Straker et al. [43]. Unlil&, PT is found to be high with the
desktop trial, as the angle differences wefeePR both lumbar and pelvis, probably due
to biomechanical considerations, as a larger leedambar would supposedly be as a
result of smaller posterior PT, as supported bgkatr et al. [43] and Annetts et al. [32].
Although upright sitting is usually characterisedless posterior PT and more lordotic
lumbar, the large negative PT values during thé&tdestask may have been due to be
the modified chair and lack of backrest. Additidpaliewing the desktop’s higher
display may encourage erect head posture, perl@pbiged with pushing the trunk
backwards. An explanation for the laptop’s inflaeron the lumbopelvic region may be
its design, starting with a sharp viewing anglenal with the low height and close
screen position. This probably results in pullihg tumbar forward in an attempt to sit
upright, thereby causing shrinkage of the spinalelae towards each other.

Slight posterior PT included in the laptop triauf be due to control by the
lliopsoas as a hip flexor and erector spinae masateback extensors [15]. O’Sullivan
et al. [17] report that boosting the muscle acgfivitf the paraspinal results from
reducing the posterior PT and increasing lumbaddsis, perhaps leading to spinal
shrinkage; therefore, discomfort could result frtme sustained compression on the
discs [55].

Hence, the laptop session is associated with mordosis, which could
possibly be a source of potential injury. O’'Sullivet al. [16] explain that in a slumped
posture, reducing muscle efficiency owing to sit fong time could weaken the
lumbopelvic segments, resulting in instability, astthin due to increasing the load on
the Intervertebral Disc and ligaments [2; 3]. Thaysplying the correct working posture
could be proposed to inform postural re-educatiaring clinical visits and training
programmes on computer work.

As the data are statistically significant, it isrttoclarifying the overall pattern
for NA, HT, LA and PT through the cervical and luopelvic segments. Black et al.
[30] maintain that a converse trend is noted betweervical and lumbar segments
during sitting, either in a slumped or upright piasi. Upright posture is characterised
by cervical flexion, and the opposite is true fdunsped posture; however, the
investigators report this without alteration in tH&. Based on this, this study lends
support to Black et al. [30], except for HT posture

Annetts et al. [32] suggest that the ideal posforeboth lumbopelvic and
cervical segments does not usually match. Howekierppposite may be true; in other
words, awkward lumbopelvic posture could be thelltesf awkward cervical posture,
in turn causing spinal misalignment, as supporte@andavadi et al. [31]. Straker et al.
[43] also assume a positive relationship betweaeadents with neck pain who tend to
demonstrate more lumbar lordosis.

The findings of the study have a number of implaa for future practice,
both ergonomically and clinically, for example tlesign of ergonomic rules for safe
workspaces; as well as reducing biomechanic risksugh supporting healthier body
posture. Additionally, it could open help to comtkéSD/MSS linked to the design of
the workstation.
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The outcomes suggest that the user ought to fodilovappropriate evaluation
to organise the workstation effectively, includifgrniture as well as the actual
computer. So far, there has been a lack of apmtpinformation on how various
laptop workstations should be setup in relatiomady posture and comfort, with this
study providing preliminary data. It may be assuntbdt laptop users are highly
subjected to harm due to their sitting posture, mmeathat laptop use ought to be
limited. A thorough awareness of the working possuthat are preferable for enhancing
users’ health should be advocated through preventiwogrammes; otherwise,
preventative intervention would be beneficial ie rarly stage of MSS.

The present outcomes perhaps advance a rehabditairogramme
interconnected with the workers’ occupational neesisch as functional strength
exercises and stretching the main muscles used.bdtlg needs to move instead of
simply sitting still, so lifelong exercise and tichentervals would also be central
elements.

Regardless the short period, this study has beemedaout with healthy
participants, age 25 to 35 years, recruited fraimizersity, therefore it is likely that the
findings do not relate to, for example, elderlyyounger populations. Also, participants
with a higher Body Mass Index formed one of thesiide limitations, with difficulties
in the accurate palpation of the relevant bony rpgibns. Also, the clothes of the
female participants created some obstacles toatixtgathe angles on MATLAB during
the data collection process. Such software workseeopgnising the precise crossing
rings that come across the skin’s surface alongigespine, consequently, it was
problematic to click the mouse pointer over wrirkteght fitting vests.

5. CONCLUSION

The findings reveal significant statistical diffaces in all angles, highlighting concerns
over laptop use, especially regarding posturalrictieins. It has demonstrated ideal
posture with regard to neck flexion, head forwand &umbar lordosis accompanying
the desktop trial, which favours the desktop forimaning better posture, while the
laptop is less ideal. In case of the mandatoryofiselaptop, using it less than a desktop
is recommended. In addition, these findings suggasterse trends associated between
cervical and lumbar segments. Apart from severati§ig factors, this study supports
segment association between cervical and lumbapedther within upper and lower
body segments or between them, which seems tofeewghile working on a desktop.
Importantly, laptop or desktop users should pagrditbn to this, as it seems to influence
poor posture. Thus, a proper evaluation of the station, which depends on individual
anthropometry, besides appropriate postural instns, is necessary.
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Abstract

Human body is most sensitive about the part ofvigld which it is in direct contact —
mattress. The most important and the most burdpaeicbf the mattress is definitely its
core, regardless of whether it's from metal or frother materials. In order to provide
proper support for our backs, the mattress has awehquality core. This research
examines durability, elasticity and hardness ofrmlhspring (BNL) and pocket spring
(TFK) cores. By observing hardness value it carcdrgcluded that the sample C2_TFK
has the highest value of hardness value after tiiteali 100 and final 30000 cycles,
while the sample C1_TFK has the lowest value. Bgding firmness relations, sample
C2_TFK is the firmest sample after the initial 18@les. At the same time, the softest is
sample C1_TFK. The situation changed after thel fB@000 cycles so the firmest
became sample Bl _BNL, and the softest remainedsaémeple C1_TFK. About
durability and height loss it can be concluded tthet worst is sample B2_BNL because
it has shown to be the weakest in most of the wbdecharacteristics. Among bonnell
spring core samples, B1_BNL has to be singled suha sample with the lowest height
loss from all the tested samples, hence the bbstsamples of pocket spring core have
justified their status as durable spring core sgsteecause at the end of the testing
there was no serious damage. Regarding height ibsssomewhat higher in the pocket
spring core sample C2_TFK than in sample C1_TFK.

Keywords:mattress, bonnell spring core, pocket spring cetasticity, durability,
hardness, HRN EN 1957.

1. INTRODUCTION

Mattress is the most demanding product of the modwetustry. The trend is to develop
new technologies that allow construction of "hegltmattresses that will be able to
completely adjust to each body (Grbac, 2006). Magtrquality improvement is almost
always based on quality improvement of supportimg hody or increased comfort of
mattress, both mattress core and topper aboveotiee ©ne of those technologies is the
principle of constructing multi-zone mattress cdvesn out of desire for the better body
support while lying. Since they raise comfort tchigher level, such mattresses are
nowadays considered to be of high-quality (Grb&652.
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This research examines durability, elasticity anddhess of bonnell and pocket spring
cores (GermanTaschenfederkernelT FK), with the aim of determining correlation
between quality of the product and characterigifahie materials (height, diameter and
thickness of a core wire), as well as applicatidrresearch results in practice. The
research is based on the method of determiningimad characteristics of mattresses
according to HRN EN 1957: Domestic furniture — Baaisl mattresses — Test methods
for the determination of functional characteristics

2. MATTRESS SPRING CORES

A prerequisite for mattress comfort is the exadiéyermined elasticity and flexibility of
the surface for lying. Mattress and elastic padistdjo every movement and body shape
in a way to try to evenly support it in every p@sit The choice of the most suitable
mattress is the result of the fact that a man ckmedat is the most comfortable for him
(Savi et al., 2003). Manufactured industrially and wihg durability and high quality,
cores are nowadays almost the most important coemgarf the mattress.

The most commonly used material in spring producisosteel, along with some other
materials such as brass, phosphor and silicon byorew silver, etc. Materials for the
production of springs have to have high elastitiityit, high lasting dynamic hardness
due to dynamic load and vibrations of own springd & be tractable. While in use,
steel springs, that are at the same time the lspsieg core element, are subject to high
static and dynamic loads of short-term or longemability. Due to that, springs must
have lasting elasticity, as well as enough plagtitd allow wire to be flexed and
intertwined during core construction. Deformatidrtl® core has to be mild and not too
big.

3. MATERIALS AND METHODS
3.1.Samples

The research was conducted on six samples in tioteh which four were bonnell
spring cores and two were pocket spring cores.ridigracteristics (and manufacturer)
differentiated them. Codes were subscribed to sasnpletters in sample code (A, B
and C) indicate differences in spring charactexstand numbers (1 and 2) indicate
different manufacturers (Fig.1-6)

Sample A1_BNL and A2_BNL also the samples B1_BNH &2 BNL were bonnell
spring core. Difference between the core A1_BNL #&® BNL was in nhumber of
spring coils and manufacturer. Samples Al and Bferdfrom samples A2 and B2
(except in manufacturer) in number of spring cite former have five coils, and the
latter six coils), while samples A (2.2 mm) diffeom samples B (2.4 mm) in spring
wire thickness.

Sample C1_TFK and C2_TFK were pocket spring cohes€ two samples differ in the
core framework design and manufacturers.
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Figure

Figure 5: Sample C1_TFK Figur6: Sample C2_TFK

3.2. Research method

The research is based on the test from the stattRMIEN 1957Domestic furniture —
Beds and mattresses — Test methods for the detgranirof functional characteristics
The standard describes methods for determiningbdliiya elasticity and hardness of
the mattress, and all types of beds equipped wiltresses, except for the water, air
and children beds. Testing mechanical propertigh@fwires from which springs were
built wasn't subject of this research. All testsraveonducted in the Laboratory for
furniture of the Faculty of Forestry with moderongputer-controlled devices (Fig. 7).

Figure 7: Device for determining mattress durability andstieity
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3. RESEARCH RESULTS

The results obtained in the research are summaiizekhble 1. Since the paper is
limited, results of inter-measurements are left ¢dtwever, it should be mentioned
that, although not statistically processed, amegtthere were no significant changes.
All the results can be found in the original paféaroSanec, 2010).

Table 1 show measured core heights, all the pammetbtained by hardness
measurement and, finally, firmness of each corereedll the exposures to dynamic
loads, after 100 and 30000 cycles.

Table 1: Aggregated data of the samples A, B and C be&sting and after 100 and
30000 cycles

Measured " A
Sample h‘;(i)g]?\t C1 Cc2 C3 [N/mm] [mm?] K Hs
Al_BNL-0 158 7,35 6,40 7,56 7,10 13138,56 1849,53| 5,1
A2_BNL-0 155 6,42 6,89 7,40, 6,91 14820,74 2146,20| 5,7
B1 BNL-0 151 10,12 10,67 10,94 10,58 9728,01 919,56 25
B2_BNL-0 159 7,86 8,59 8,89 8,45 12345,86 1461,65| 4,1
C1 _TFK-0 130 5,14 4,88 5,67 5,23 18348,93 3509,34 8
C2_TFK-0 141 15,42 12,17 8,58 12,04 | 10819,70 898,65 2,4
Al_BNL-100 156 7,62 8,10 8,14 7,95 13137,21 1651,97| 4,6
A2_BNL-100 153 6,73 7,12 7,22l 7,03 14805,25 2107,63| 5,7
B1 BNL-100 148 8,58 9,24 10,21 9,34 11318,90 1211,42| 34
B2_BNL-100 158 7,20 7,73 8,14 7,70 13396,96 1740,50| 4,8
C1_TFK-100 122 5,09 4,98 493 5,00 18834,78 3767,60| 8,2
C2_TFK-100 138 11,97 9,89 7,7% 9,87 11101,76 1124,80| 3,1
Al_BNL-30000 152 7,17 8,16 8,33 7,88 13155,08 1668,62| 4,6
A2_BNL-30000 151 6,77 6,66 7,54 6,98 14324,03 2051,32| 55
B1 BNL-30000 147 10,18 10,664 11,20 10,68 9684,03 906,93 25
B2_BNL-30000 156 8,30 9,03 9,68 9,00 11867,56 1318,23| 3,7
C1_TFK-30000 124 4,29 4,97 429 451 20033,75 4438,71| 8,8
C2_TFK-30000 135 14,17 11,1y 7,24 10,86 | 12082,87 1112,36| 3,1
Note: C1 - slope at 210 N load K - coef. calculdtedn load/deflection curve
C2 - slope at 275 N load H - hardness value
C3 - slope at 340 N load Hs - firmness rating
A - area under load/deflection curve (under taglicurve from O to 450 N)

Figures 12 to 14 show load/deflection curves oftadl cores before testing and after 100
and 30000 cycles. It is interesting to note thaKTéores (C-samples) keep their
interrelation from beginning until end while ela&s#ty curves of bonnell cores (A- and
B-samples) change their position with regard toctier.
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krivulje elasti¢nosti svih uzoraka prije ispitivanja/
deflection curves of all samples before testing
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5. CONCLUSION

The aim of the research was to explore charadtwistf cores for mattresses
construction and to determine which core systemmdge durable with regard to

different characteristics, which is their heighsdovalue, firmness and hardness in
comparison within type and comparison with the exaah types.
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Based on the conducted researches and measureshbotmell cores and pocket

spring cores characteristics, the following coniclns can be made:

« Hardness value:By observing hardness value relations of all bdiremed pocket
spring cores samples, it can be concluded thasdhgple with pocket spring core
with wire thickness of 1.8 mm and steel frameworktbe bottom/end of springs
(C2_TFK) has the highest value of hardness valter difie initial 100 and final
30000 cycles, while the sample with pocket spriageowith wire thickness of 1.8
mm and steel framework in the middle of the spriraight (C1_TFK) has the
lowest value.

* Firmness rating: By observing firmness relations of all the testadples, sample
C2_TFK isthe firmestsample after the initial 100 cycles. At the saineef the
softestis sample C1_TFK (with steel framework in the maldbf springs
height).The situation changed after the final 30@96les sothe firmestbecame
sample B1_BNL (with wire thickness of 2.4 mm andcdils), andthe softest
remained the sample C1_TFK. Firmness of other sasripl approximately around
middle value for firmness rating.

« Durability and height loss: Generally speaking, if from all the examined saaapl
one should be pointed out as the worst, it woulddraple with bonnell spring core
with wire thickness of 2.4 mm and 6 coils (B2_BNtgcause it has shown to be
the weakest in most of the observed characteriglegght loss of the sample in
question after testing was also among the highesice the worst. Among bonnell
spring core samples, B1_BNL has to be singled suha sample with the lowest
height loss from all the tested samples, hencebdst. The samples of pocket
spring core have justified their status as durapleng core system because at the
end of the testing there was no serious damagearBieg height loss, it is
somewhat higher in the pocket spring core sample TER than in sample
C1_TFK.

Due to a small number of samples, conclusions basdtle results can only be general
and can confirm the expected interrelations of samples. In addition to the higher

number of samples, it would most certainly be $éng to conduct same researches
with complete mattresses and identical cores anthace them with these results
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Abstract

Drawing-in of warp threads through heddles on diffgrehafts or jacquard and the reed is one of
the phases in making fabrics which is still mostBrf@rmed by hand. When the warp is
multicolored consisting of a larger number of thdeadrawing-in through several shafts with
complicated drawing-in is more time-consuming thla@ weaving process itself due to a great
portion of handwork, especially if it is woven odaater and modern loom. During drawing-in

certain problems arise which make the work diffictitorrect body posture of the worker in

sitting position additionally loads the spine. Aatiog to the analysis of workplace drawing-in

through shafts and reed some improvements are lpesisi order to facilitate and maximize

productivity. Ergonomic chair design with the alyilito adjust the height of the body and the
ability to customize the position of shafts enalthesimprovement of working conditions.

Keywords: work study, drawing-in, shafts, heddles, jacquezdd

1. INTRODUCTION

Warp wound on the warp beam is prepared for weaBefpre weaving it is necessary
to draw warp threads into the elements of the wepmachine. Heald shafts, reed and
drop wires are parts of the weaving machine foddloemation (heddles with shafts),

beat-up, maintenance of width and warp densitydjremd they stop the machine in
case of a warp thread breakage (drop wires) [1].

Drawing-in warp threads through shafts or heddkesd and drop wires (Fig. 1) require
high precision, skill and concentration of workerhis phase of the work in making the
fabric is still handmade. The time required to nalyudraw in warp threads through

shafts, reed and drop wires is often longer thaaving itself. Due to manual drawing-

in warp threads the process of warp preparatiotimis consuming, and there is also a
great probability of error in drawing-in throughetelements of the weaving machine.
Any error results re-drawing-in warp threads oaaltfin the fabric. A production quota

is often set for these jobs which leads to psydjiodd burden of a worker asking

himself whether the production quota will be penfed and the warp correctly drawn in
[2-5].
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Figure 1: Process of drawing-in threads through the elemafritse weaving machine
1 - drop wire, 2 - heddle, 3 - reed

Each warp thread should be drawn in according &xifip rules. Drawing-in warp
threads can be carried out by machine, but thid kinmachines is not frequent in the
industry. Their high precision in preparation ofrpughreads, shafts, reed and drop wires
requires a longer and more precise preparationsd Ineachines for warp preparation
reduce the total time of drawing-in as well as flequency of errors and simple
machine operation by computer control.

2. DRAWING-IN WARP THREADS
2.1 Drawing-in warp threads through shafts

Drawing-in warp threads through shafts means drgwimmrp threads into heddles
mounted in heddle frames or hung on cords of thradss on the jacquard weaving
machines. This process is still carried out maguaith two operators. One of them
selects thread by thread according to the arrangemwfedrop wires and the other
arranges heddles according to drawing-in througtftstand draws in threads [1].
There is a drawing-in method in which a certainsten is applied when only one
operator is necessary. However, this kind of drgwm significantly burdens the
worker, especially in case of complex types of dngan and a great number of shafts.
Worker productivity may be significantly increasading an auxiliary device which
feeds the threads according to their warping (Ejig6-10].

+ 1 operator with auxiliary device

= 1 operator without auxiliary device
2 operator without auxiliary device

35000 ‘ ‘

30000 4 y = 916,09 - 772,13 /
] R?=0,9795
T 25000 4 / y = 547,5x - 375,41
£ R?=0,9676
£ 20000 < ’
5 —
5 15000 / //_/
o / (]
|
E 10000 E—
z b — . —1 y = 388,97x - 255,09
5000 / R?=0,982
0 | ! ! . ;
0 5 10 15 20 25 30 35 40

t(h)

Figure 2: Comparison of time for manual drawing-in with arewo operators and
using a semiautomatic machine
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2.2 Drawing-in warp threads through the reed

Warp can be drawn-in through the reed on the madlself (e.g. on the jacquard loom)
or outside the machine.

The graph in Fig. 3 shows the productivity of mdrarsd machine drawing-in through
the reed. Drawing-in through the reed depends erskiil of the operator and on reed
size and yarn count. Besides manual drawing-iig, &lso possible to use an auxiliary
device with the following characteristics [1]:

* reed size: 20 to 500 wires/10 cm

» reed height: greater than 52 mm

* reed width: unlimited

Special drawing-in needles, being are slightly srorbut wider than the needles for
drawing-in through heddle shafts, are used.

« Total ime needed (1 operator) with lease, manual work
= Total ime needed (1 operator) without lease with additional device
Total time needed (2 operators) with manual work

I
Total ime needed
35000 (2 operators) with
manual work

Total ime needed (1
operator) without lease
with additional device

Number of threads
N
o
o
o
o
|

Figure 3: Comparison of time for drawing-in through the reeanually or manually
with an additional device

2.3 Mounting drop wires

The loom has two or more rows of drop wires, ancheaarp thread should have its
stop motion or drop wire. Drop wires are mountedtanloom. It is relatively simple to
mount them using a lease. Bodily posture is standient posture with arms stretched.
Due to the improper body posture of the worker mwrmounting drop wires and
difficult working conditions drop wire mounting cditions are applied more and more.
Drawing-in by machine enhances labor productivity tgreat extent (Fig. 4) [1].

135



Proceedings of'5International Ergonomics Conference, Ergonomick320

June 1%-15",2013, Zadar, Croatia

Figure 4: Comparison of the time for manual mounting dropewiand by machine in
wool production

3. ERGONOMIC SOLUTION OF DRAWING WARP THREADS INTO
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Manual drawing into shafts and reed is carriedauiside the weaving machine, while
drop wire mounting is performed on the machine. bbdy posture of the worker while
drawing-in warp threads is incorrect and affeciseoad significantly. Sitting posture
of the worker on the chair which has not been desigergonomically for this

workplace additionally loads the spine. The bodyoiated, the spine is flexed in an
incorrect position for the entire time of drawinmgwhy the worker begins to feel pain.
The legs are also in an incorrect position, whitdws circulation and thus such a
posture adversely affects the cardiovascular sy$kém 5.). Besides irregular postures

that burden the spine, eyestrain also occurs beazuatense use.
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Ergonomic body posture can be achieved using aldaitchair for seating that would

allow the height regulation of the seat, backresid rotation. The chair that would be
best suited for this workplace is a saddle chaipefson who sits on the classic chair
keeps the body in the position at an angle of 9itting this way slows the circulation

in the lower extremities while the upper body isiband the spine takes the form of
letter C, which is irregular and causes pain. Appsal for improving the saddle chair
that is different because the person sits at giteasf 135 ° with the reduced pressure
on the lower extremities, which means that ciréafatioes not slow down. The spine
is corrected and takes its natural position inftie of letter S. (Fig. 6).

A5

Figure 6: Classic chair and saddle chair differences in uakture

Due to the different position of the lower extrasstit is possible to do work in the
position to desktop without rotation of the spibecause this way allows the worker to
sit closer to the working surface. Saddle chaiusthde designed in such a way that an
individual worker can adjust the chair according height and type of the work
performed. Since the arms and shoulders move husly from left to right at
drawing-in, the regulation of the seat should a#low the backrest and armrest to
rotate according to the body rotation. Besides that chair should allow tilting forward
and backward, which means that it can fully moniter movement of the body with the
purpose of supporting. (Fig. 7.).

Figure 7: Suggestions of two types saddle chair

4. CONCLUSION

Drawing-in warp threads through shafts, reed awg dvires is one of the major phases
in making fabric. Since drawing-in is mostly done land, the working conditions are
of utmost importance. Drawing-in warp threads seamingly simple and comfortable
job in comparison to weaving; there is no noise audt, it is a sitting position
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workplace, and the work is only possible in thstfr probably in the second shift etc.
However, drawing-in warp threads is one of the nSiicult jobs in which physical
effort and eyestrain are very significant. In parar, spine load due to long sitting in
an incorrect position, and adverse effects orcttmulatory system (the appearance of
the leg veins, etc.) can be emphasized. The pumgfabés study is to indicate how hard
the process of drawing-in warp threads by handnd to find a solution using an
appropriate ergonomic chair. According to the asialpf work it is possible to improve
and humanize this workplace by using a speciallsadithir as a replacement for usual
chairs most frequently used in the industry.
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Abstract

In lifting task execution, lumbar spine load iseated by numerous variables, where
some of them can be identified as most significkmtorder to keep lifting task
execution most effective while avoiding lumbar spimjury caused by spine instability,
risk factors should be minimized. Biomechanical lgsia protocol is created for the
purpose of lifting task analysis, which revealsltig@e variations of biomechanical
variables, essential for estimation of lumbar spis&bility. Performed analysis
conclusions emphasize that although proper liftingchnique is well-known
theoretically, lifting object geometry, center o&s$s, subject anthropometry and lifting
capabilities, should be sufficiently determinedobefthe task execution is demanded.

Keywords: lifting task, lumbar spine load, spine instabilibjpmechanical analysis

1. INTRODUCTION

Lumbar spine health preservation is primary objectiof many scientific and
professional researches, in order to reach finasensus on acceptable spinal loads
magnitude, regardless of load type applied uporsgiiee, in symmetric or asymmetric
interactiong1-7]. Besides, studies have been focusing on spedifiective to explain
and understood spinal mechanisms and responseffevedi cases that have been
studied [3, 4, 4, as well as spinal stability8-12. Recommendations from such
extensive exploration of spine and its mechanismes faundation for ergonomic
purposes, where emerged new methods and technelogieimprove knowledge and
understanding of impact on spine caused by exteoralitiong[9, 10, 12-1§.

Extensive and thorough research were conducted,dbspite of that, there is no
consensus on safe and reliable material handlictintques, regardless of whether it is
lifting, moving, pushing or pulling task demand@&assible explanation may be reached
through understanding that spine is a complex Byst@most never activated in
isolated, experimentally controlled conditions. thermore, movements in material
handling tasks are not proper neither symmetrical iajury prevention mechanisms
always try to dissipate load and reactive actigitgong muscles and structures, acting
coordinated and precise. Therefore, main objectheuld be addressed to conditions
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and circumstances that lead to nerves irritatipmad segments and ligament or muscle
tissue damage. Such objective may provide undefistgnof risky inter spinal
movements and deformations, as a consequence @fmaktload reduced on spinal
segments and structures. Instead of extensivaltiber overview on spine performance
and injury etiology, our objective is to explordate@nship between the worker and the
cargo that should be handled, in order to reactor&lasion how dimensions and
properties of cargo can affect the spine load,meggd through changes in spine
geometry.

Focus of this paper is addressed at estimationuotbar spine instability caused by
irregularities in lifting task conditions and cirogtances, which occur when lifting task
is not anthropometrically appropriate for the pargor whom the task is assigned.
Lifting objects, or generally objects for manuahtiing, often embrace the dimensions
that can be classified as bulky, can cause dewidtam the correct position for lifting,
resulting in material handling posture change, tiagtbe considered as risk factor.

2. METHODS
2.1. Experimental design overview

The in vivo experiments will be described briefly fdting task execution. Subjects
have to spontaneously lift the empty box (50cm higdcm wide and 50cm long)
without any kind of handles, from the floor backstarting position, defined as standing
upright. Box is left empty with intent to exploritihg interaction consequences for
anthropometrically different persons in identigétiig task, but the box size is selected
so it can become an obstacle to the proper ligtixgcution. It should be mentioned that
experimental data acquisition restrictions influesh¢he choice of smaller box size than
intended to be used, since there is known probléim markers disappearance in most
MOCAP acquisitions. Prior to lifting task executj®ubjects were instructed on lifting
objective in order to enable collecting of compésatesults, while lifting task was
designed uniformly, regardless of differences imjascts capabilities or any other
personal data.

2.2. Evaluation criteria

As literature overview indicates, several possifrliéeria can be selected in order to
estimate spinal injury risks, but as most comprehencan be identified spinal stability.
Although the consensus on lumbar spine stabilifindi®n is not presenf8], authors
consider it as fine-tuned neuromuscular system dination of the lumbar spine
mechanism, provoked by posture and load parameaterstder to ensure controlled
spinal segments motion. Lack of adequate lumbaresptability mechanism response
represented as involved muscles co-activation eallise variation of lumbar spine
torque, which along with changes in shear and cesgive axial forces can indicate
that stability of lumbar spine is compromised, idirgy potential to injury. Of course,
magnitude of applied load is considered to be msecommended margins, thus this
notion does not certify that injury risks are noggent.

Biomechanical analysis protocol allows that 3D maoteeand forces can be estimated,
but available data acquisition procedure lacksacking of detailed and fine geometry
changes for closely positioned markers, needeceterchine exact change for each of
lumbar spine segments, as important fag¢tof, 1§. Protocol offers data of forces
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components that coincide with fixed coordinate esystbut their conversion into axial
and shear forces is dependent on each spinal ségpetial position determination.
Since analysis focus is on estimation of humanofacthat are possibly affected by
lifting subject-object interactions in symmetrittitig tasks, most important results can
be expected in sagittal plane. Thus, shear and brdd could not be considered as
reliable variables, so as one of most appropriatéailes for purpose of this paper is
nominated lumbar spine moment in L5/S1 joint, flaxion and extension in sagittal
plane.

2.3. Data acquisition

Data acquisition was made by an 8 IR camera BTt® Blistem (Italy) at 100 Hz, with
passive reflective markers used and placed on stubfy as shown on Fig.1, which
represents simplified wireframe model of passiviiective markers layout positioned
on specific anatomical places, with an explanatibabbreviations on the right side.

c1 first cervical vertebrae

c7 seventh cervical vertebrae
RS right shoulder

LS left shoulder

Thé sixth thoracic vertebra
Th12  twelfth thoracic vertebra

L3 third lumbar vertebra
L5 fifth lumbar vertebra
S3 third sacral vertebra

RSIPS right spina iliaca posterior superior

LSIPS left spina iliaca posterior superior

RSIAS LSIAS RSIAS right spina iliaca anterior superior
S3 LSIAS left spina iliaca anterior superior

Figure 1: Wireframe model of passive reflective markers layou

After the lifting attempts were performed and ralelv data acquired, protocol for
biomechanical analysis was designed in BTS Smadlyxer software, in order to
enable appropriate biomechanical analysis. Desiginetbcol consists of vectors of 3D
forces and torques for each marker position.

3. RESULTS

Data acquisition has been successfully completedwo healthy, asymptomatic males
(22 yr., 1.92 m, and 102 kg, BMI=28), and (23 y¥r.7 m, and 75 kg, BMI=26), as
Subject 1 and Subject 2 respectively. As describedier, after the data acquisition,
data processing through analysis protocol in BTSar$mnalyzer enabled changes
overview of lumbar spine moment at L5/S1, whichsiown in Fig.2 and Fig.3 for
Subject 1 and Subject 2, respectively.

Results of lumbar spine moment's changes preseimeig.2 and Fig.3 are time
dependent, which enables opportunity to directhigkrand compare changes according
to lifting task phase. It is shown that the exemutiime was very similar, but the line
chart indicates important differences in task ekeouparameters. Moment curve slope
and moment values for specific time points willused as lumbar spine moment curves
comparison variables. Positive moment values alaegk with extension activity of
spine while negative corresponds to flexion, whegeo value is identified as neutral
position of spine segments during upright standing.
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Figure 2: Time dependent lumbar spine moment at L5/S1 grapBtibject 1
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Figure 3: Time dependent lumbar spine moment at L5/S1 grapBibject 2

For both graphs it is obvious that prior to task@xion subjects have prepared starting
posture with back extension contraction, but theves do not match, although the
magnitudes were similar. In this phase, Fig.2 shspwsal instability more obvious than
Fig.3, but the final slope was more consistenthBmtaks were at around 12 Nm, which
indicates that Subject 2 has induced higher lef/epmal stability activities, relative to
his anthropometrical data. In flexion both subjebtsre shown strong oscillations,
which is the first indicator that their lifting thniques were not completely appropriate.
Most important findings are expected in later psasgasp and lift, which can be
considered as risk phases, according to Fig.2 &m@.FAs expected, Subject 2 has to
significantly adjust his grasp to the box, while fifting was also influenced by lifting
technique adaptations to the box size and positidris resulted with significant
transitions of extension and flexion of the spimeich more than for the Subject 1. Such
transitions that occur while handling loads areiobs sign that lumbar spine stability
can be compromised, especially if lifting technigsi@ot correct. Also, in lifting phase
Subject 2 performed faster lifting which is obvioftem steeper moment curve, as
another indicator for injury riskg3, 4, §. Although the box was empty, Subject 2
reached around 30% higher final extension momargtanding upright position, which
is another indicator that lifting implementation iwally affected by subject
anthropometry. Furthermore, both subjects have shawaknesses in their lifting
capabilities and techniques, which can be ideutifieough implementation of designed
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protocol. Although the understanding of lumbar spstability concept is present,
experimental data presented and discussed didxpt#ie the cause of observed sudden
lumbar spine moment transitions from flexion toemdion and vice versa in lifting
phases. Possible rationale is that lifting objeatethsions truly affects lifting technique
and execution, with consequence of narrowing ddvenselection of persons for whom
the task may be permitted.

4. CONCLUSION

Lifting and handling tasks may have serious conseges if implemented technique
and subject capabilities are not adequate, espefidhitigue occurs in repetitive tasks
[6, 17. Spine stability is considered as one of most cemmgnsive criteria for
evaluating lumbar spine risks, monitored througtmbar spine moment change, since
MOCAP acquisition and analysis used is primarilgdzhon inverse dynamics, and may
not represent true spinal load. This paper empessthat although proper lifting
technique is theoretically known, its implementatimm real circumstances can be
uncertain, and what is even more important, humaror ein lifting skills is
underestimated. Simple lifting task with bulky, @snpox caused significant variations
in lifting attempts, regardless who handled it, wimy that many individual traits are
disregarded. This conclusion is important in hurfaotors since it has consequence in
determining to whom the task should be assigneddspite the fact that individual may
have adequate capabilities. Authors also recogttiae asymmetric and rapid lifting
exertions may have even more impact on spinal Igtakind consequently, on injury
risks, especially for repetitive tasks. This cosadm implies that lifting technique
should be properly evaluated (and even improved),aiso that there are preferred
persons for specific lifting and handling task.
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Abstract

The paper presents a research on the workplace aphit nurse regarding strain and stress. In
the workplace the Intravenous Fluorescein angiogyaph fluorescent angiography is made
which is a technique for examining the circulatidrttee retina and choroids using a fluorescent
dye and specialized camera. The working procedusisplex and since nurses must assist in
several forced position for longer time ergonommalgses were made aimed to determine strain
and stress at workplace. For assessment of bodyessOWAS analysis was used.

The results obtained with the analysis were compatedstandard values respectively and
recommendation for improvements was made.

Keywords: ergonomic analysis, OWAS, body posturessimg

1. INTRODUCTION

Nurses have been the subject of many studies tmiagahow physical stress and other
work related factors may affect their health andl-¥eing. Many of these studies
focused in the first instance on high back painséRé investigations tends to confirm
that the physical work load of those working in sing homes is relatively high. Also
most research has been carried out in general tatsspbut there is no available data
about physical work load of ophthalmic nurse in diimnal diagnostics. Since
diagnostics and treatment procedures of maculaasktsebecome more complex and
advanced also related nurse assistance becomecom@icated and stressful. Nurses
must assist in several forced positions for longee therefore ergonomic analyses
were made aimed to determine possible health pmable

For the purpose of our research we used one ofithely used methods of observation
in working posture studies, the Ovako Working PastAnalysis System (OWAS).
Generally OWAS method is used to identify and eatdtharmful working postures and
is widely spread in all professions. The purpos®©W/AS is to provide a system for
analyzing and classifying working postures with then of developing working
methods consistent with the promotion of occupatitrealth.
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2. RESEARCH PROBLEM

While working, the workers are exposed to variauaiss and stressors that contribute
to stress. Strains and stresses belong to an iamiartoup of factors that reduce human
efficiency at work due to disturbed hemostasisyltesy in fatigue [2, 3, 4] To reduce
the effects of this phenomenon, working hours dshdé interrupted by several rest
periods and breaks. Beside that workplace shouldidségned considering human
dimensions using anthropometric measures. Frorerdp@nomic point of view the most
important factors that influence stress at work lbamlivided into:

1. working environment with working conditions such rag@se, heat, humidity,

illumination, air velocity and

2. body postures; especially awkward postures thataase health problems.
There are of course another influence factors sischsychophysical, dependent from
human characteristics and personality but theder&gvere not subject of our research.

Since there were some complains evidenced abouk Ip@ins in Fluorescein
angiography ambulance we decided to observe aBimmractivities during nurse’s
workday. Intravenous Fluorescein angiography ororflscent angiography is a
technique for examining the circulation of thematand choroid using a fluorescent dye
and specialized camera. It involves injection ofism fluorescein into the systemic
circulation, and then an angiogram is obtained hgtpgraphing the dynamic fine
structure of retinal blood vessels and vasculardiymamics and vascular physiology,
pathology, diagnosis and treatment of ocular funéiigsing approach to management
involves:
- patient consent,

- ophthalmic preparation (visual acuity, drops aentmstilled into both eyes to dilate
the pupils, measuring OCT, inserting IV cannulla,

- the procedure,
- after the procedure.

3. METHODOLOGY

For the presented problem consideration the foligveiteps were taken:

- workplace analysis and evaluation; analysis ofetkistent workstation dimensions
with respect to working postures and workers’ ppfioes; Fluorescein
angiography ambulance is working once a week butcfmical patients the
procedure can be done every day. For our reseaecioliowed up patients in the
ambulance, three sequence ambulances. The observedis conducted all day,
three times per hour on 27 (3x9) patients.

- workplace analysis considering working environmeurate measures of noise,
illumination, heat, humidity and air velocity weiaken,

- The extended OWAS method was used to evaluatetthi@ saused by different
operators’ postures at nursing workstations.

3.1.Workplace Fluorescein angiography

The following figures demonstrate the different @ters’ postures at observed
workstation. Operator seat near the table and makal acuity. When putting lances to
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the glasses the operator has to twist thoraxlurspiale, upper limb is raised above the
head and hands are loaded to, because a lot a$@gasps is needed.

Operator is banding to the patient and pouringog dinto patients’ eyes. Thoraxlumbal
spine is bending in lumbar and cervical area, ufip@y is raised above and hands are
loaded to, because a lot of precise grasps is deéute

o, \
Figure 2: Operator assist in the procedure

During the procedure (Figure 2) operator is bandiegr the patient. Thoraxlumbal
spine is bending and twist in lumbar and cervicebaupper limb is raised above the
head and hands are loaded to, because a nursehoidsan eyelid apart to enable
photograph eye fundus.

3.2. OWAS method

OWAS, the Ovako Working Posture Analysis Systems waveloped in Finland for
examining workers postures in steel industry in3Fl7 7. The method was successful
and therefore further developed and modified. Itdassidered a practical method for
identifying and evaluating working postures. The @8Vprocedure consists of two
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parts: an observational technique to classify bpalstures, and a set of criteria for the
redesign of working methods and workplaces. Bodgtyres are classified into 28
positions including the positions of back (four pioss), upper limbs (four), hands
(three), lower limbs (nine), head and neck (fiva}, well as load or force handled
(three). Each body area consists of ranked posthegsdescribe the risk or severity of
that body area’s posture.

Since OWAS is a time-sampling method it requires ttme sampling of tasks at
intervals ranging from 15 seconds to 1 minute. 3ysem was originally developed for
use in manufacturing industries, where workstatiares static and job tasks repetitive
and predictable in nature, but later other metheedse developed, too, such as RULA
and REBA. RULA (Rapid Upper Limb Assessment) iscugr assessing the risk of
work-related upper limb disorders and is mostlyduf@ seated work. REBA (Rapid
Entire Body Assessment) is used for assessingislkeof work related entire body
disorders and therefore more appropriate for standiork. Since our Laboratory for
Operations and Production Management has many’yeaexperiences with OWAS

method we decided to use OWAS for working postassessment.

As explained before by OWAS body postures are ifladsinto 28 positions. Each of
these positions has pre-defined high risk and lisW postures, which are coded by the
observer. After calculating the amount of time Warker is in these postures, the final
step is to assign a four-level action code for taggrovement. The four action codes
are defined as follows: changes are not neededigelsaneeded in near future, changes
needed immediately, needed intensive observation.

4. WORKPLACE ANALYSIS AND RESULTS

For workplace analysis considering working enviremtaccurate measures of noise,
illumination, heat and air velocity were taken (Teab). Measured values of temperature
and air velocity are suitable for work they are mdpi Also noise level is within
recommended values since conversation betweenngatend medical personnel is
needed (doctor is giving instructions to the patemd patient can also ask questions).
Space illumination is extremely low and this is eolgem because the working
procedure requires darkness.

Table 1: Noise level, illumination, temperature and air \oitlp

Measured values
Noise [dB] | lllumination [Ix] | Temp. [°C] Air velocit [ms]
50 20 24,7 0,07
45 10 24,6 0,14
45 10 24,8 0,09
Average value| 46,6 13,3 24,7 0,10

Results of OWAS method (conducted 3 days, 3 timashwur, 27 people) used to
evaluate the strain caused by different operafostures at observed workstations are
presented in Table 2 and in Figure 3. Percentageaoli body posture was calculated
using equation (1) and also time portion for thadyoposture was calculated (2).
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p= zE[%] t, = ‘fg[cp [min] (1) and (2)

Table 2: OWAS — calculated results with recommended measures
Thoraxlumbal sping  Upper limb Hands| Lower limb Head

11112)13|14|21(22| 23 |3.13.2(41| 43 |5.1|52(|53
Body Fer

oo | VORI 2 BT |7 ]

Nr. of
measuresg 24| 6 | 12| 39| 21| 6 54 |54|15| 30| 51| 21 33 27
i [%0] 29,6/ 7,4|14,848,125,9 7,4| 66,7 | 78,321,7| 37 | 62,9| 25,%0,7/33,3
tpi[mir] |53,3|13,3|26,6/86,6/46,6/13,3| 120,1|140,939,1|66,6| 113,2|46,6/73,3/59,9
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Figure 3: The histogram of the OWAS results applied at tspétted workplace

Obtained results were compared with recommendedumes (Table 3) and results are
presented with signs. Results confirmed previouspgsitions showing that body
postures 2.3 - one arm above shoulders, 3.1 —gfiagp and 4.3 — standing on one leg
have high percentage and therefore changes arechémenediately or in near future.
Also for head postures 5.2 — bent forward headreutt and 5.3 — bent to side head and
neck changes are needed in near future. For anptdsures changes are not needed
unless it makes discomfort.
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Table 3: OWAS — review table of recommended measures
Part | Thoraxlumbal sping¢ Upper limb Hands| Lower limlp Head
11(1.2/13|14[21(22|23(3.1(3.2| 41| 43 5.2|5.3
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Legend for Table 3:

O - changes are not needed A - changatedeémmediately
@ - changes needed in near future * - neidedsive observation

5. CONCLUSIONS

The results of the presented research using OWASadeconfirmed the nursing

complaints about high back pains and high load andh. Likewise attention to

eyestrain of operators that perform photographgpecialized camera should be drawn.
The problem is operators’ presbiopia and lens accodation that lead to fatigue.

Another problem is lighting that appear at evesifii. For solving this problem an

assistant should wear protective glasses.

The presented problem is complex and further ingatbn should be taken. Since
OWAS has some limitations body postures could kexkdd using other methods such
as RULA or REBA before taking restrictive changes.
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