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Abstract:

Due to the increasing human exposure to low frequemd high-intensity (greater than 110 dB
SPL) noise, which is typical for the working envir@mtof civil pilots, a negative impact on their
health have been noticed. Because of prolongedsexpdo combined influence of noise and
vibrations pilots can suffer from a chronic progse& cumulative disease - VAD, Vibroacoustic
disease. Symptoms are numerous: mood changesratespi tract infections, bronchitis,
heartburn, chest pain, nausea, skin infections,jwwstivitis, blood in the urine, gastritis,
bleeding nose, varicose veins, etc. Disease was diegnosed in the 1984 with the airline
technicians and military pilots in the 1992 and exewears later with the civil pilots and cabin
crew. The paper will deal with the subjective assemsmokrespondents' own state regarding
hearing and symptoms that can be associated witimo&toustic disease. The study was
conducted on a sample of civil pilots with more thlaree years long service. Correlations in
auditory effects of noise, temporary thresholdtsthiifinitus and vibroacoustic disease symptoms
were compared with the length of service and typairofaft which the respondents were flying
on.

Keywords: civil pilot, working age, noise, subjective didtances, TTS, PTS, tinnitus,
vibroacoustic disease

1. INTRODUCTION

In common use, the word noise means any unwanteads&ounds, particularly loud
ones, that disturb people or make it difficult ®ah desired sounds, are noise. Aircraft
noise is noise produced by any aircraft or its congmts, during various phases of
flight: on the ground while parked and connectecexternal power sources such as
ground power units, while taxiing, on run-up fronpopeller and jet exhaust, during
take-off, underneath and lateral to departure amdah paths, over-flying while en
route, or during landing. Questionnaire research sample of more than 30 civil pilots
with more than three years long service was cordllict this paper.
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2. EFFECTS OF NOISE ON PEOPLE

Noise affects both health (physical and psychollyiand behavior. The effects of
noise on human hearing are well assumed, but fieetefof noise on other aspects of
human health are less understood. Noise can causgyance and aggression, high
stress levelsskin infection, respiratory tract infections, tinnitus, hearingdpsental
and neurological disorders etc.

Pilot staff are exposed to significant noisy enmirent which can result in appearance
of vibroacoustic disease symptoms, tinnitus, terapothreshold shift{TS, permanent
threshold shiftRTS and compromise speech intelligibility betweervers staff.
Vibroacoustic diseas@/AD) is a chronic, progressive, cumulative, systemgeaise.
Studies have shown that environments with highasity sound over 110 dB, coupled
with low-frequency sounds below 100 Hz, place peogl high risk for developing
VAD. Disease was first diagnosed in the 1984 wlith &irline technicians and military
pilots in the 1992 and seven years later with th gilots and cabin crew [2].

According to Alves-Pereira and Branco [3], the stagf VAD are as follows:

Stage 1 - MILD (1-4 years of exposure to noisejgt®l mood swings, indigestion,
heartburn, mouth/throat infections, bronchitis;

Stage 2 - MODERATE (4-10 years of exposure to noi€éest pain, definite mood
swings, back pain, fatigue, skin infections (fungaal, and parasitic), inflammation of
stomach lining, pain and blood in urine, conjuritisy allergies;

Stage 3 - SEVERE (> 10 years of exposure to noipsychiatric disturbances,
hemorrhages (nasal, digestive, conjunctive mucosa)cose veins, hemorrhoids,
duodenal ulcers, spastic colitis, headaches, sgeare pain, intense muscular pain,
neurological disturbances.

Pilot staffs are also prone to tinnitus, which @& a disease, but a condition induced by
exposure to noise and it expresses itself as awating. Main cause of tinnitus is
noise exposure which damages hair cells in therieae

Auditory fatigue is defined as a temporary losei@éring after exposure to sound. This
results in a temporary shift of the auditory thiddhknown as a temporary threshold
shift (TTS) Short exposure to noise of about 80 dB SPL resuilts TTS of about 1
minute. TTS of 8 hours is result of sufficientlyntp exposure to noise and can be
physiological fatigue with appearance of tinnitnghe beginning, recovery takes about
16 hour. TTS of longer duration is pathologicaidag, and recovery is linear by few
dB per day. The damage can become permanent — [FEFignent threshold shift) if
sufficient recovery time is not allowed before drestsound exposure takes place.
Syllable intelligibility is the percentage of speethat a listener can understand or the
clarity of a speaker's utterances. Aircraft cockpit be congested with different kind of
noise and sound of aircraft information systemscWwhcan decrease intelligibility
between pilot staff and it can result in deteriomrabf flight safety.

3. CABIN NOISE SOURCES

Cabin noise is combination of different sound searand it is generally divided into
engine noise, noise associated with the airfras@dfit- structure borne noise, and noise
that is associated with onboard aircraft systemsh s APU and air condition noise
while on apron. Sources and paths of airborne anattare-borne noise resulting in
interior noise are shown at Figure 1. Also, thexa be some other sounds produced by
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sound annunciators from different aircraft systéings safety systems, failure warning
system or imminent danger warning system).
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Fig. 1: Sources and paths of airborne and structure bwise resulting in interior
noise

Engine noise is significantly more noticeable tl@nodynamic noise, and its spectrum
is highly dependent on the type of engines. Thenrhygies of aircraft engine are piston,
turbojet, turbofan and turboprop. Unlike turbofamise spectrum, which is dominated
by high frequency broadband noise, turboprop nepectrum is dominated by a few
distinctive low frequency tones which can diffetgnaffects the human subjective
assessment. The spectra of turbofan and turbopisp are in detail shown in [1].
Cabin noise is also dependent on flight regimegi@ample:
e Take-off — noise is dominantly due to high engiogver settings
« Cruising — noise is result of joint action of airhe and structure borne noise,
mostly due to engine noise and aerodynamic airflow
e Landing approach — noise is created by aerodynairfiow over the landing
gear, flaps, landing gear cavity storage, air ksake
e Touchdown — noise is created by wheel friction anpact on runway
* Roll-off — noise is created by wheels rolling, higbwer settings and vibrations
from thrust reversers

4. THE RESEARCH QUESTIONS AND THE RESULTS

In order to explore the impact of the long-term @syre to aircraft cabin noise of pilot
staff for this paper, a survey was carried out. Bhely was conducted on a large
number of respondents with more than five yearg lexperience from different
airlines, who completed a six-question survey.tRin®® questions should have been
filled with personal data, types of aircrafts, thember of flight hours and years spent
on each aircraft during their employment. The thiuestion referred to the effect of
different types of noise in the cockpit on fligldfaty. Respondents should have to rate
generally from 1 to 5 (1-no influence, 5 - maximuffect) different noise sources.
Fourth question referred to any disturbances #sandents feel after work shift (TTS,
Tinnitus or Syllable intelligibility problem). Vilwmacoustic symptoms should have been
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marked in the fifth question. In the last questpmlots should have to note down if
flight safety has been compromised in their workearience due to the high level of
noise in the cockpit. The research results arecpted at the figures and tables below.

70

mTTS

percentage

| Tinnitus

Reduced speech
inteligibility

working age

Figure 1.Percentage of the audible noise disturbancesatisalto the pilots working
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Figure 2. Percentage of the symptoms occurrence accorditigetd AD stages in
relation to the pilots working age
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Figure 3. Percentage of the VAD symptoms occurrence accottditige prevalent type
of aircraft flown
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Figure 4. Percentage of the audible noise disturbancesatioalto the prevalent type
of aircraft flown

Table 1.Average subjective rating of influence of differéypes of noise in the cockpit
on flight safety (1- no influence, 5 - maximum etfe
Turbofan Turboprop

APU and air condition noise on apron 2,7 3,4
Take-off noise (dominantly due to high engine pgwer 3 3,5
Cabin noise while cruising (result of joint actiohairborne and

structure borne noise, mostly due to powerplantarddynamic 3 3
airflow)

Noise on landing approach (dominant aerodynamfairover
. : : . 2,3 2,3
the landing gear, flaps, landing gear cavity steragr brakes)

Touchdown noise (wheel friction, impact on runway) 2,2 2

Roll-off noise (wheel rolling noise — noise anfnations, noise

31 2,8
from thrust reversers)
Sound signalization from different systems (safgtstems, failure 34 39
warning system or imminent danger warning system) ' '
2,8 3

Table 2. Subjective assessment of compromised flight safegyto the high level of
noise in the cockpit

Turbofan Turboprop
Percentage of pilots whose flight safety was commised once as 27,8 38,5
a result of noise disturbance
Percentage of pilots whose flight safety was commised more 5,6 7,7
than once as a result of noise disturbance
Distribution of severity of events causederious incident 429 % 37.5%
by cockpit noise major incident 14,2 % 125%

significant incident 42,9 % 50 %

5. DISCUSSION AND CONCLUSION

In this paper, on a random sample of more than iBftsp no firm evidence of

respondents’ subjective ratings to the auditorgatfbf noise; TTS and tinnitus as well
as symptoms of vibroacoustic disease in relatiorexposure time defined by the
working age of male respondents from differentiméid has been found. Subjective
feeling to audible noise disturbances accordingddking age and to the type of aircraft
which the respondents were flying on are preseatddgures 1 and 4. Figure 1. shows
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that TTS is equally represented in all tree ageugsoof pilots, but tinnitus and speech
intelligibility problem is associated with pilotsitiv longer working experience.

Tinnitus and speech intelligibility problem grows itime with working years.
Percentage of the symptoms occurrence accorditiget?’/ AD stages in relation to the
pilots working age is presented at Figure 2. Sestage symptoms begin to appear with
more working years, mild stage symptoms of VAD arest noticeable in pilots with
lowest work experience. The possible existence mafw and evident symptoms of
VAD is presented at Figure 3. Symptoms of VAD aresmcommon in pilots flying
turboprop type of aircraft. Percentage of the aledilmise disturbances in relation to the
prevalent type of aircraft on which the pilot fleés presented at Figure 4. TTS and
speech intelligibility problem are more expressegbiiots flying on turboprop aircraft,
but appearance of tinnitus is expressed more atpilying turbofan engines. Average
subjective rating of influence of different typesmise in the cockpit on flight safety
(1- no influence, 5 - maximum effect) accordingth® reverent type of aircraft on
which the pilot flew is presented in Table 1. Ayggaating of noise in the cockpit on
flight safety is more expressed in turboprop aftcthan in turbofan aircraft by
subjective assessment of pilots.

Looking at the overall average rating of the impattoise in the cockpit on flight
safety (Table 1), according to the subjective apindf a pilot, its impact is greater for
turboprop aircraft (3) compared to turbofan aircrg#,8). Subjective assessment of
compromised flight safety due to the high levelnofse in the cockpit is presented in
Table 2, which shows that percentage of pilots #matured compromised flight safety
is more common in turboprop aircraft than in tuebofaircraft, which indicates that
subjective assessment of the pilot that “turbopmopraft makes more noise” is quite
correct and that something needs to be done oisthis.

To come to firm conclusion regarding relationshiiggween percentage occurrence of
some researched factors of disturbance and theofyaiecraft the pilots are flying on, it
would be necessary to significantly increase thalmer of randomly selected pilots and
undergo thorough audio logical survey. Further aeste on this topic is in progress in
domestic as well as in global aviation communityrder to gain better understanding
of noise impact on pilot staff.
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Abstract:

Paper objective is to assess the association betvpdssical workloads and carpal tunnel
syndrome among dentists in Ismailia city. A tofal 3 dentists were interviewed for assessment
of physical workloads and symptoms of carpal tungghdrome (CTS) using interview
questionnaire and physical examination. DiagnogisC®S was confirmed by measurement of
nerve conduction velocity for cases suspected @ IGI'S by history and physical examination.
The prevalence of CTS among dentists was 23% it vgiiehin females (14.2%) compared to
males (8.8%). The mean duration of occupation endbntists positive for CTS was 13.69+10.8
years, the mean hours worked per week was 32.35#us lamd the mean days worked per week
were 5.3+ 0.62 days. The relation between CTS andtiduraf work in years, number of hours
worked per week, and number of days worked per weektatsically significant. Predictoof
carpal tunnel syndrome among dentists were; freqghenting and twisting of the wrist, duration
of work in years, hours worked per week, and age amsyel'wenty three percent of dentists had
CTS. Avoidance of excessive bending and twistinigeofvtist and frequent repetitive motions of
the hands during dental procedures reduces theswe the median nerve.

Keywords: dentists, physical workload, carpal tunnel syndrormezye conduction

1. INTRODUCTION

Musculoskeletal disorders represent an importaotjpational health issue in dentistry.
The abnormal postures adopted by dentists causmndisrt and disorders of the
musculoskeletal system and the peripheral nervgsgers . Even with the best
ergonomic equipment, operators can find themsetvesistained awkward postur@s
Alexopoulos et al. found that 62% of dentists répadrat least one musculoskeletal
complaint, 30% of them suffered from chronic commila 16% had spells of absence
and, 32% sought medical care due to their muscelesd complaints®. Hand and
wrist disorders were receiving the most attentiaithough their symptoms were
reported less often by dental workers than symptofmgeck and/or back disorders. It
may be that the motivation for interest in thisaahas been spurred on by the observed
significant increase in workers’ compensation cifor disabilities in this are4.
Repetitive strain injuries (RSI) are defined as clative trauma disorders (CTD)
resulting from prolonged repetitive, forceful orkamard movements. These movements
result in damage to muscles, tendons and nervds.&R&referred to as repetitive stress
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injuries, occupational overuse injuries and worletexd musculoskeletal disorders. RSls
also can refer to well-defined disorders such apataunnel syndrome (CTS). CTS

is one of a number of muscle-, tendon- and nerlse® disorders that affects people
performing intensive work with their hands. Throutitese people there has been a
tremendous increase during the last 20 years indhers of reported cases of CTS.
Both dentists and dental hygienists have been tegpdo have a high prevalence of
upper-extremity musculoskeletal disorders, inclgd@TS®. Lalumandier et al. found
that the prevalence of CTS among dentist was %B%A study noted a growing
incidence of CTS among dentists. All of them suppbe idea of work as a causal
factor in the development of CTS among dental gsitmals®. The work-related risk
factors associated with CTS and other hand diseriietude repetitive hand motions,
forceful pinching or gripping, sustained awkwardstvpostures, and vibration. Most of
these risk factors are present in dental practiolding dental instruments may require
a high level of pinch force, and the wrists may Hmd in awkward positions for
prolonged periodS).

2. SUBJECTS AND METHODS

The study was a cross-sectional analytic study. olvenient sample was taken
including all dentists worked in faculty of dentislSuez Canal University, Suez Canal
University Hospital, Ismailia General Hospital ardealth Insurance Hospital in
Ismailia city. One hundred and thirteen dentiststigipated in the study. Dentists
included were both males and females with at léagtar of work experience in the
current positiof.Subjects were assessed by interview questionnaictuding
information on the respondengeciodemographic data, occupational history, maysi
workloads concerning repetitive movements, streawm positions like working with
hands in excessive tightening, and use of vibratirods. A four-point scale was used
with ratings 'never', 'sometimes’, 'often’, anavagk' during a regular workday. The
answers 'often' and 'always' were classified ak biposure, while the answers never
and sometimes were classified as low expoStirAssessment for the presence of CTS
was done through medical history, clinical examoratand electrodiagnosis by
measuring median nerve conduction velocity for mordtion of diagnosis in cases
found positive for CTS by history and clinical exaation. Quantitative data was
expressed as mean = SD or as adjusted mean + Shatjue data was expressed as
number or subjects and percentage. Chi-squareanesFisher's exact test were used to
assess the statistical difference between variaBlgdistical significance was taken as
p<0.05. All statistical analyses were performechgghe Statistical Package for Social
Sciences (SPSS Version 11.0).

3. RESULTS

The mean age of the participants was 36.24 + 1(M#es were more than females
(54% and 46% respectively). The mean age for thdisgnosed with CTS was
35.#11.1 while the relation between age and CTS wadsstitally insignificant. CTS
was diagnosed in females (16 female) than in m@dl@smales). The relation between
gender and CTS was statistically insignificant. eTThost common occupational group
was residents being 28.3% (32) of the participatiagtists. The relation between CTS
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and occupational seniority was statistically infigant. In the dentists diagnosed
positive for CTS, the mean duration of occupaticaswl3.79+9.68 years; the mean
hours worked per week were 32.35+6.4 hours andnten days worked per week were
5.3+0.62 days as shown in Table 1. There was #tstatly significant relationship
between the presence of CTS and the duration ok woryears, number of hours
worked per week, and number of days worked per week

Physical workloads reported by the participatingntid#s were: manual jobs require
frequent, repetitive motions of the hands; worktpas require frequent bending of the
wrist and fingers; performing activities with handgésed above shouldeffinger-pinch
gripping used; job postures involve sustained neusmintraction of hands; use of
vibrating tools and treating too many difficult easone right after the other. There was
a significant relationship between CTS and frequepttitive motions of the hand and
frequent bending and twisting of the wrist, whife trelations between CTS and other
physical workloads were statistically insignificaiable 3 shows the relation between
CTS and physical workloads.

Table 1.Relation between CTS and Different Occupationakdétadn the Participating
Dentists

CTS
Parameters Positive Negative | Significant Test
No.| % | No.| % Used

Occupation v>=0.46
Residents and Specialistg 16 5.8 47 26.4 P=0.498
Consultants 10 16.6 4D 51}3
Duration of Work in Yearg
<15 18| 159 | 54| 47.8 ¥*=8.90
15- 3| 27| 29| 257 P=0.012*
30-40 5| 4.4 4| 35
Working Hours per Week
<15 o oo 20177 x*=21.96
15- 9| 80| 50| 44.2 P=<0.001*
30-48 17| 15.0| 17| 15.0
Working Days per Week v =8.74
<4 2| 18] 33| 29.2 P=0.012*
5 14| 12.4| 34| 30.]
6 10| 8.8 20| 17.1

*Chi-square test is significant at 95% confidencedvel.

There were 46 (40.7%) of the dentists had com@atonsistent with CTS. The main
complaint mentioned by the participants was paimdgeeported by 34.5% (39) of the
participants in one or both hands either alone ssioaiated with paraesthesia and/or
clumsiness in the hands. The mean duration of caimigl was 16.04+10.2 months.
Severity of pain was assessed by the visual analaggale. About half of the
participants (20, 51.3%) complaining from pain wemsitive for CTS. The relation
between visual analogue scale and CTS was statigtgignificant (P=0.02). Phalen's
test was more sensitive for CTS than Tinel's sigengitivity 86.8% and 68.4%,
respectively), while Tinel's sign was more specific CTS (59.1%) than Phalen's test
(54.5%). Of the 46 complaining participants, 30 evproved to have CTS by clinical
examination and special tests. NCV tests were donghe 30 participants in both
hands.

159



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

Table 2.Relation between Physical Work Loads and CTS anfismgists

Physical Work | Degree Of CTS Significant
Loads Exposure Positive Negative Test

No. % No. % Used
Frequent, High 19 16.8 80, 70.8 Fisher's Exactj
Repetitive Low 7 6.2 7| 6.2 Test
Motions of the P=0.017*
hands
Work Postures| High 25 22.1 69 61.1 Fisher's Exactj
Require Low 1] 0.9 18| 15.9 Test
Frequent P=0.04*
Bending of the
Wrist
Frequent High 25 22.1 73 64.6 Fisher's Exact]
Bending of the| Low 1 0.9 14| 124 Test
Fingers P=0.185
Hands Raised | High 1 0.9 8 7.1 Fisher's Exactj
above Test
Shoulder Low 25 22.1 79| 69.9 P=0.682
Level
Finger-Pinch | High 20 17.7 60| 53.1 ¥*=0.61
Gripping Used| Low 6 5.3 27| 23.9 P=0.43
Sustained High 15 13.3 57| 50.4 v*=0.53
Muscle Low 11 9.7 30| 26.5 P=0.467
Contraction of
the Hands
Use of High 12 10.6 51| 45.1 ¥*=1.26
Vibrating Low 14 12.4 36| 31.9 P=0.261
Tools
Treating Too | High 16 14.2 59| 52.2 ¥*=0.35
Many P=0.552
Difficult Low 10 8.8 28| 24.8
Cases

*Fisher’s Exact Test is significant at 95% confiderevel.

The frequency of sensory affection of the mediarven§38, 63.3% of the examined
hands) was higher than motor affection (30, 50%hefexamined hands). Predictors for
CTS as detected by logistic regression analysi® requent bending and twisting of
the wrist; duration of work in years; hours workeel week and age in years as shown

in Table 3.
Table 3.Logistic Regression Analysis of Independent Predscof CTS among
Dentists
Predictor f3 P value | OR (95% CI)
Frequent Bending and twisting of the 2.27 0.004| 9.630 (2.07 -44.86)
wrist
Duration of Work in Years 0.59 0.022 1.798 (1-09.97)
Hours Worked per Week 0.22 <0.001 1.242 (1.1337)
Age in Years -0.56 0.022  0.574 (0.36 - 0.92)
Constant 4.60Q 0.356 99.599
Model ¥? = 51.02 <0.001
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4. DISCUSSION

In the present study the frequency of CTS diagnesass higher among females (30.8%
of females) than males (16.7% of males). Seveedaes can explain the differences in
the relationship between CTS and gender amongreéiffestudies. Many women often
perform the majority of hand-intensive work at homeddition to their paid jobs. Boz
and his colleagues found that wrist index (anteyst@rior measure/lateral measure) was
found to be a more significant risk factor for CirSfemales (P<0.001) than in males
(P=0.034). Logistic regression analysis revealedwhist index to be an independent
risk factor in females, but not in maf®s On contrast, Hamann et al. found that dentists
diagnosed with CTS tended to be older than those wére not diagnosed but the
difference between the two means was statistidgalignificant. The most common
occupational group among the participant dentists mesidents (28.3%). There was no
statistical relationship between CTS and occupatiaategor}”. The mean years
worked by the participants diagnosed for CTS wa8@:L0.8. There was a statistically
significant relationship between CTS and duratibmvork in years (P=0.012). Legaat
and Smith studied musculoskeletal disorders redotig dentists in Queensland,
Australia. In their study, dentists had work dwatof 14.3+9.1 years. They stated that
dentists who had practiced more than 10 years Wwérd¢imes more likely to manifest
symptoms associated with CTS than those with fexgers in the professidf?. The
mean days worked per day by the participants wefel42 days and the mean hours
worked per week were 24.12 + 9.19. There was alhhighgnificant relationship
between CTS and the number of working hours pekwPBe<0.001), and number of
working days per week (P=0.012) due to prolongeratibn of work and increasing
workload. In Legaat and Smith's study, dentistsaimworking hours per week were
31.6+9.4 hours. Dentists who worked longer houmsnduthe week were more likely to
have hand and finger symptoms and to have mediaroneniropathy as wéff. The
main complaint reported by the participants in tuerent study was pain sometimes
associated with paraesthesia. It was found thé8&8%) of those having pain were
diagnosed for median mononeuropathy as confirmegldntrodiagnostic testing. In the
current results symptoms of CTS were reported by(4®&7%) of the participant
dentists. Pain was the main complaint it was regubby 34.5 % (39) of the participants.
This agrees with what was found by Hamman et at 28% (258) of the participating
dentists had hand or finger pain, numbness oritigglensatior. In addition, Werner

et al. who studied prevalence of upper extremityEpms among dentists, found that
pain in the hand, wrist and finger was reported2B96(54) of the participating dentist
3 In the current study, Tinel's sign was positive56.7% (34) of the hands of the
complaining participants. Sensitivity of Tinel'gsito CTS was 65.8% and specificity
was 59.1%. This agrees with Gupta and Benstead stéted that Tinel's si(%]n is
associated with sensitivities of 23% to 67%, andciizities of 55% to 100%.
Phalen's test was positive 71.7% (43) of the hafidse complaining participants. The
sensitivity of Phalen's test for CTS was 86.8% apelcificity was 54.5%. This agrees
with what Bruske and his colleagues found that ifeitg of Phalen's test ranged
between 10% and 91% and specificity between 33% H0@P6 ™. There was a
statistically significant relationship between Ca’d frequent repetitive motions of the
hands (P=0.02). Bramson et al. evaluated risk factmd hazards in dental office
ergonomics across the United States. They statddpetition of hand motion greater
than 30 movements per minute for long periods cdegd to painful disorders in the
hands and wrists. These highly repetitive tasksadreoncern if they are performed
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more than 20 hours per we€R. In this study, 61.9% (70) of the participants maxtk
postures that required frequent bending of thetysiat >75% of the work time. There
was a statistically relationship between CTS amdjdent bending of the wrist joint.
Dong et al. stated that work-related risk factowduded repetitive forceful pinching or
gripping, sustained non-neutral wrist positions asé of vibrating tools. In addition,
gaining and maintaining access to some areas dofrddecavity may require the wrists
to be held in awkward positions for prolonged pesid. Other studies about the
prevalence of CTS among dentists one of the factmsociated with the high
prevalence of CTS among dental practitioners isrépeated high pinch force applied
during work® " *® CTS was found in (23%) of the participating dststj associated
with increased duration of work in years and numbkehours and days worked per
week as well as repetitive hand motions and exee$sinding and twisting of the wrist.
Avoidance of excessive bending and twisting of thest and frequent repetitive
motions of the hands during procedures reducestthss on the median nerve.
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Abstract

The main objective of this research was the assedsofiche physical workload of coffee farm
workers from southern Minas Gerais, Brazil. Twelvekeos were filmed having their heart rates
monitored during one hour of execution of twelvéedént tasks, both on flat and sloping terrain.
An assessment of the workers adopted body postusesasded through the “Captiv” software.
An identification of pain body areas was carriedrhgans of the Corlett diagram, as well as a
subjective evaluation of perceived effort using RRRE Borg scale. The results showed that the
proposed method is an efficient tool to characterize physical workload in an agricultural
context.

Keywords physical workload, heart rate, postural analysistfee production

1. INTRODUCTION

Agribusiness is responsible for 33% of Brazil's ggalomestic product, 42% of total
exports and 37% of Brazilians jobs, employing aldou# million workers, occupying a
prominent position in the Brazilian economy [1].flée production is very important in
the context of the Brazilian economy since Brazitésponsible for about a third of the
world production, which makes the country the latggoducer - a position maintained
in the last 150 years. Today, Brazil has a plaated of 2.3 million hectares, with about
5.7 billion coffee trees. The state of Minas Geisithe largest producer in the country
with 45.5% of the Brazilian production [2].

There are many researches on coffee productiornrdiegatechnical, agronomic or
socio-economic issues; few researches, howeveg identify the characteristics of the
human workload of the coffee farming, under an Bogoic perspective. In that sense, a
participatory ergonomics approach was used durimg Nicaraguan shade-grown
coffee harvesting seasons to reduce the physiedl tm harvesters with the use of a
newly designed bag instead of a basket strappaddrhe waist. Among basket users,
84.2% reported pain in at least one body area cmudpto 78.9% of bag users.
Nonetheless, 74% of participants liked the bag muohe than the basket [3].
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Being mostly a non-repetitive, non-monotonous tgpwork, agricultural work needs a
group of methods, both objective and subjectiveghtaracterize its workload. In this
perspective, a study was done aiming the charaaten of the physical workload of
the organic horticulture, by determining the fremyeof exposure of operators to some
activity categories. The approach included an atadn of physical effort demanded to
perform the tasks in the work systems from a syatensampling of work situations
from a synchronized monitoring of the heart rate;ctzaracterization of posture
repertoire adopted by workers by adapting the OWi#eBhod; an identification of pain
body areas using the Corlett diagram; and a subgeevaluation of perceived effort
using the RPE Borg scale. The results of the iddizi assessments were cross
correlated and explained from an observation ofwieek activity. Postural demands
were more significant than cardiovascular demandshie studied tasks, and correlated
positively with the expressions of bodily discontfft].

Heart rate is traditionally used as an indicatoplofsiological effort, being increasingly
used instead of oxygen consumption to estimate wlekload of a task [5].
Cardiovascular parameters commonly used includevkeage heart rate during work —
the working heart rate (HR3, the resting heart rate (HR the maximum heart rate
(HRmay, the limit heart rate (HR and the relative heart rate (HRR) [6]. HRR atrkvo
is an important indicator of physiological straimdashould not exceed 40% for an eight
hour period to avoid fatigue [7]. HRRis also used as an strain indicator and determines
the following categories of work intensity: lightiRy<90); moderate (¥¢HR<110);
heavy (118HR<130), very heavy (13HRy<150) and extremely heavy (KR 150)
[8].

The effects of workload on the individual can als® estimated through the use of
psychophysical methods (body discomfort and bodly parveys) that can be applied to
assess the physical effects of the workload [930Ato assess the subjective perceived
exertion for each task it can be applied the RREe (of perceived exertion) Borg scale
[10].

The main objective of this work was the assessmoénhe physical workload in an
agriculture context, applying the proposed method tase study of the work on coffee
farming system. This kind of study can help to cireesearch efforts towards the
technological development of coffee farming, battimprove human work productivity
and to reduce ergonomic hazards.

2. METHODS

The proposed study is experimental under field @@ with quantitative and
qualitative elements. The descriptors of the phalsiworkload are the group of
dependent variables, including those of physiolalg{beart rate, cardiovascular load),
biomechanical (postural combinations) and psychejglay nature (indication of
physical discomfort and perceived exertion). The#ependent variables are composed
by tasks, subtasks and the topography of the farms.

Twelve workers from twelve small family coffee fagrftom Santo Antonio do Amparo,
southern Minas Gerais, agreed to participate is $hidy. Each subject was voluntary
and received adequate information about the relsediftey had the right to withdraw
from participation at any time, without penalty afy kind and without providing
reasons. Each of them was filmed performing one hauk of the subtasks, both in flat
terrain and in areas with more than 10% slope (thithexception of the subtasks from
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the post-harvest group, that were performed onlflanterrain). The heart rate (HR)
was measured continuously for each subject, syntted with the video recording. A
Polar RS800CX G3 heart rate monitor was used withrapling rate of 2 seconds.
Table 1 shows personal and biometric data of thexeve.

Table 1: Personal and biometric data of the workers.

Worker | Gender Age Seniority | Weight Height HRg HR ax

(vears) | (years) (kg) (cm) (bpm) | (bpm)
1 M 59 22 64 165 66 161
2 M 30 8 93 179 52 190
3 M 60 11 70 171 63 160
4 M 30 10 60 163 59 190
5 M 40 20 94 187 64 180
6 M 34 9 63 165 56 186
7 M 31 20 61 172 66 189
8 F 25 6 66 160 53 195
9 M 35 20 100 190 65 185
10 M 39 19 84 182 67 181
11 M 29 20 74 180 53 192
12 M 68 39 54 169 71 153

The tasks from the coffee farming systems cons@l@rethis study are crop handling
and harvest. They had the following subtasks asgective operations:

a) Crop Handling — manual fertilization (empty bag displacement, badfisg, full bag
displacement and manual fertilization); foliar tfieration (empty costal pulverizer
displacement, costal pulverizer refuelling, full st pulverizer displacement and
application); thinning (thinning); herbicide apgEton (empty costal pulverizer
displacement, costal pulverizer refuelling, full st pulverizer displacement and
application).

b) Harvest — harvest (canvas placement, manual harvest, sadigplacement, sieving,
manual cleaning and bagging).

To assess the perceived exertion for each subgasly subject had to indicate their
perception on a Borg scale, ranging from 1 (vegit) to 7 (extremely intense). It was
also used a body part discomfort scale to assestetels of body discomfort of the
workers at the end of the workday. The heart nadécators adopted in this work were
calculated as follows [7], [8]:

H'Rma:cii =220 - age (1)
HR, = 0,40(HR, .. — HRz)- HRL )
{HRE‘I-" - HRH}
HRR = —————— = 100
(HR o — HREZ) (3)

The postural protocol was adapted from OWAS [9]iriolude the characteristics
postures of coffee farm labor (Figure 1).

The experiment was conducted in a randomized bilesign, where each worker was
considered a block in a 5x2 factorial design. Taeatdrs were slope and the subtasks. It
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was performed an analysis of variance and the Tukey was applied to compare
means.

Trunk | Trunk | Trunk Arms Arms Arms Legs Legs Legs Legs

FEETTRARS SRS

1 2 3 1 2 3 1 2 3 4 5
Figure 1: Postural protocol adopted.

Legs

3. RESULTS

The mean heart rate results and the standard devidbr the twelve workers
performing all subtasks in both topographic condisi are summarized on Table 2.

Table 2: Heart rate results for workers performing all suslis.

Worker | HRy * SD | HRR + SD
1 88,9+5,1 24,11+54
2 90,0 +5,8 27,54+ 4,2
3 95,5 + 3,9 31,05+4,1
4 105,8+5,1 38,99 + 3,7
5 79,9+2,0 14,63+2,.2
6 98,9 + 3,3 33,99+24
7 96,8 + 2,9 32,42+3,1
8 96,2 + 6,1 32,03+4,4
9 81,6 45 16,42 + 4,8
10 88,4+57 26,38+ 4,1
11 101,2 4,2 37,05+ 4,4
12 859+44 24,57 £ 3,2

Table 2 shows that 58,3% of the workers exhibitd®lyHetween 90 and 110 bpm,
configuring moderate work intensity, while 41,7%dh&R, less than 90 bpm,
configuring light work intensity. All of the HRR selts are under 40% and in safe
limits according to the literature.

ANOVA results showed that thslope factorwas not statistically significant with
respect to heart rate results. On the other hawmsubtask factorwas statistically
significant for (p<0,05).

Table 3 shows mean heart rate values for all thekeve performing the subtasks.
Means followed by same letter do not differ at 8% level of significance by the
Tukey test. Foliar and manual fertilization exrgitsignificantly greater values of R
and HRR than the other subtasks. The results amefig moderate work intensity for
foliar and manual fertilization and light work im&ty for herbicide application,
thinning and harvest.
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The mean postural combinations adopted by the werikepercentage of the working
time on flat terrain are expressed on Figure 2tfar five subtasks analyzed. Four
categories were the most frequent, occurring inentban 80% of the sampling time:
(131) — standing erect, arms down, extended 1&@84;)(- moderate trunk flexion (<45°),
arms down, extended legs; (232) - moderate truekidh (<45°), arms down, flexed
legs and (332) - severe trunk flexion (>45°), ammsvn, flexed legs. The postural
combinations 111 (standing erect, arms up, extetetyz) and 121 (standing erect, one
arm up, extended legs) occurred more than 15% gldioiimar fertilization and thinning.
Harvest was the subtask that showed the greatietyaf postural combinations.

Table 3: Heart rate results for workers performing spedfibtasks

Subtasks | HRy * SD | HRR + SD
Foliar fertilization 99,88+2,9 a 34,73+2,8 a
Manual fertilization 99,46+ 4,1 a 34,8834 a
Herbicide application 88,54+2,3 b 2496+2,1 b
Thining 85,96+2,7 b 22,4023 b
Harvest 88,29+28 b 24,34+25 b

= =)
g 4

d =+
- Pey

38,48%

31,95%

18,84 %
21,54%
21,58%
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Figure 2: Postural combinations for each subtask.
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The mean results of the application to all the woskof the modified Borg scale for the
rate of perceived exertion (RPE) for each subtasisidering the scores 5 (intense), 6
(very intense) and 7 (extremely intense) were: rahfertilization — 38%; thinning —
5%; foliar fertilization — 60%; herbicide applicati — 25%; and harvest — 18%.

The results of the body discomfort survey showed the main body areas pointed by
the workers with some degree of discomfort were #heulders and the back;
approximately one quarter of the workers pointeat the degree of discomfort for the
shoulders and the back ranged from uncomfortabéxtie@mely uncomfortable.

3. CONCLUSION

The cardiovascular effort was not particularly sevior the subtasks analyzed. On the
other hand, the biomechanical demands expressesoimg difficult postures were
considerable. Manual fertilization, thinning andhrest exhibited moderate and severe
trunk flexion and leg flexion during more than 2%8%the work time.

Foliar and manual fertilization were pointed by tverkers as the most demanding
subtasks according to the BORG RPE scale. Thetsestithe body areas discomfort
analyses indicated the back and shoulders as teeunoomfortable body areas. For the
foliar fertilization and herbicide application, tip®stural demands and the use of the
manual pulverizer contributed for the complaints.

It is expected that the results of this study candfit coffee farm workers by the
characterization of their workload, helping to direfforts towards the development of
new technologies designed to minimize the worklaad raise the work productivity.
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Abstract

In the Occupational Safety and Health practice adl we in the improvement of production
systems some ergonomic evaluation is needed. Alheu wide range of ergonomic risk
assessment tools are available their usability apglicability is limited.

Based on a need analysis an ergonomic screening was developed implementing the
requirements of the EN 1005 standard series. Theetpage version is applicable for screening
according to the simplest evaluation methods ofstia@dard, while the software version is for
detailed analysis. Thanks to the structure andBNel005 background CERA is getting more and
more popular among occupational safety and healétmlists and doctors in Hungary.

Keywords: ergonomic risk assessment, ergonomic tools, Coitegeggonomic Risk Assessment

1. INTRODUCTION

The practice of the last decade on the fields déigtrial ergonomic research and result
of educational experiences combined with sad statisdata of MSD in Europe despite
the technical/technological developments lead umvestigate how we can help the
OSH practitioners working on designing, operatingd anonitoring workplaces to
recognize the risk of musculoskeletal diseasekénvery early stage. [1] Although less
than one fifth of Hungarians speaks a foreign laggy European Standards, including
machinery safety standards are not available ingdrian. The aim of our research
project was to bridge the gap between the Hungaigonomic risk assessment OSH
practice and the EU requirements and internatiorethodology level.
According to the needs analysis including intengeamd legislation analysis, the new
tool had to be

» Auvailable is Hungarian (and English),

» Give a paper-and-pencil tool (the Excel versionA@ris in process),

» Easy to use with useful figures and additional rinfation (just a several

hours of face-to-face or e-learning education/gcactnough),
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« Help to fulfill the simple procedure allowed by thandards to decide with
great security whether the given situation is atatap or not,

« Applicable within common work conditions,

« Marking the level of risk and the origin of the ptems.
The target population is health and safety expertsmbers of ergonomic teams,
participants of workplace design and members ofipational health service.
As a result we created an evaluative tool, nameRBACE Composite Ergonomic Risk
Assessment. Version 1.3 is currently in effect.
According to the rules descripted in series of EN9 “Safety of machinery. Human
physical performance” standard the CERA methoduitable for assessment of risk
connected with worker’s posture, manual materiahdfiag, force exertion and
repeated movements.
At the half time of the project we have a lot ofperence about the usability of the
method compared to other methodologies and infaoma&bout the needs of our
industrial partners working on OSH fields. We haancepts and plans also how to
continue this work. There are additional plansreate versions on different platforms,
not just laptop / notebook, but tablet and smaadnah too.

2. BACKGROUND AND CURRENT STATUS

The project began early in 2012 exploring the tetcal basis and studying the relevant
standards. In the summer of 2012 the tool was de@BERA 1.1 and CERA 1.2
versions). We carried out the assessment of maire 38 industrial work activities, and
two office VDT work under real conditions, simuleously using different evaluation
methods. By the end of March 2013 we changed thd Bandscape format assessment
sheets of CERA 1.2 to 5 A4 portrait format assessgrsbeets of CERA 1.3 based on
experiments and feedback of operating safety exp@mgoing expansion of its other
two sheets, which is suitable for the evaluatiothef office work, especially VDT jobs
[2].

In April 2013 the new version was also introducedndustrial safety professionals and
we held a CERA exercise connected with sort legssorisk management. The task of
the participants was to assess different work #ietsvin group and individually using
video recordings.

3. ADETAILED DESCRIPTION OF CERA 1.3

The essential elements of the method are presemteévaluation sheets. To the
application of this tool there are some useful siote

1. The result of the evaluation just shows the cao$eisk and not the percentile
or absolute quality of the work conditions.

2. The evaluation concerns only to thetual work conditions of thectual job,
not to the worker, although the results may be fiemliby characteristics of
the worker.

3. It is advised to divide the highly different tas&$ the job and evaluate it
separately. The end result will be never time propoal.
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3.1. The “Status and Summary” sheet

This page contains basic information and resulte®fevaluation.

Beyond the name/description of workplageb and activitythe evaluator can record
working hoursand breaksas well ashe gender and age of worker. Below tresults
tablethe percentage of standing, sitting and walktiighe during the shift is recorded.

At the same time it is possible to write the essémiements of work history - e.qg.
related activities, accidents and injuries - andeotnotes as the suggestions of the
evaluator or the opinions of the employee. The foright figure (human shape) allows
for a simplified discomfort survey, with indicatioof body parts and description of
complaints of the employee. The latter two posiied - asking for opinions and
complaints — are significant motivations for invelaent of affected employees.

3.2.The “Posture” sheet (Figure 1)

cEq Composite Ergonomic Posture
p = Risk Assessment This section must be completed
( in all cases!
Twisting (" Bending F " Bending Side | Summary )
T o 5 3 .
3 e - /g ) ¢ ((Q The results have [l
Z | S| W] ) o to write .
| | b d 18] D |l in the first page! (@ )
R | G J_ R R [,

A
Flexion - Extension \[ Marking of other

Figure 1: Detail of the Posture sheet

The assessment of posture should be performetidasds. As a result, we get a total of
12 red and green signals. The red signals shotathiegposition of the body parts are
not correct, so the risk of MSDs high. As compadthe previous version of the tool
we differ from the standard and the forearm anddharist position will be evaluated
too. The evaluation of head, forearm, upper aromkrand hand/wrist can be done by
angle range of joint with the help of little figwre

There is a transitional range indicated by yellagnst the trunk and upper arms, where
it must be decided by other conditions whether ribgult will be green or red. The
decision shall be based on the opportunity of suppb static loads and on the
frequency of movements at dynamic loads.

In addition to the other parts of the body not eaédd in detail the awkward postures
can be indicated on the sitting human shape inrifjlet and the reasons can be
described.

The result clearly shows which position of whichitpaf the body have to be corrected
by changing and/or developing work conditions.
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3.2.The “Force Exertion” sheet (Figure 2)

The simplified procedure for the assessment offtihee applied in different ways in
terms of MSD risks will only be possible if four rditions meet. These conditions
derived from the standards are the followings:
1. It can be stated that the duration of work doesemoeed 8 hours.
2. It can be stated that the duration of exertion da@sxceed three seconds.
3. It can be stated that there are no more than twdiers per minute.
4. A pre-condition for examining exertion is that tbart of the body concerned
should not be considerably displaced and any magioould be slow and
without jerking.

— Composite Ergonomic _ Force exertion
= . This section must be completed
if force exertion is necessary
—

Risk Assessment
when handlin, § machines, exception

L the lifting and lowering of loads.

Pre-conditions:
It can be stated that the duration of work does not exceed 8 hours.
It can be stated that the duration of exertion does not exceed three seconds.
It can be stated that there are no more than two exertions per minute.
The motion of body parts concerned in exertion should be slow.

If any condition is NOT met, then other methods should be used.| Y’

If all pre-conditions are met, you can choose cases by the mode and direction of
exertion of force and evalume by the size of force.

( Exertlon upward | [ Exertion downwardH Exertion outward | [ Exertion inward |

4 &q (G

Figure 2: Detail of the Force sheet

In the simplified evaluation, any of the determir®l base cases must be considered,
with the body parts which involved in force exentiand the threshold of force is given
in N for Green and Red zone. If it is true, thaeirery case the result is Green the force
exertion is acceptable, otherwise further invesioganeeded.

3.3.The “Manual Material Handling” sheet

The simplified procedure for the assessment ofntla@mual material handling jobs in
terms of MSD risks contrary to the force exertioill wnly be possible if twelve
conditions derived from the standards meet But fieefihat there are three other
excluding criteria defined by the research team,extlude the trivial dangerous
situations, labeled as Red case. These are:

1. The load lifted by the worker exceeded 25 kg, ok&®y two workers.

2. One adult is moved by a person without lifting ai@¥efined for use in health
care services.)

3. The lifting or lowering happens regularly over treght of shoulders.

Conditions derived from standard:

1. Horizontal weight displacement may not exceed tveders.

2. Manual material handling is performed while stagdithe employee is not
hindered by external obstacles in executing theecoiifting method and no
level differences need to be overcome during movime

3. Lifting is performed by only one person, using omyscular power.
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4. There are no rapid movements, jerks, or jams duifiig.

5. The object moved can be grasped properly, meahgigitthas a grasp or grip
to be grabbed properly by both hands.

6. The object moved can be held against the body, imgdhat it is not too cold
or not too hot and not polluted.

7. Legs do not slip, so the floor is not oily, icywet, for instance.

8. No other operation is required to be performedadourse of the operation in
addition to lifting the object concerned.

9. There are no extreme environmental factors su¢babot, too cold, vibration,
darkness.

10. The manner of lifting is correct, meaning that tierker performs lifting with
two hands, by grasping the object symmetrically #is is made possible by
the shape of the weight.

11. The manner of lifting is correct, meaning that thenk is upright, it does not
lean sideways, and there is no need of tilting.

12. The manner of lifting is correct, meaning that tlerker holds the weight
close to the body.

It is very hard to meet all this conditions, bueally shows how to achieve the nearly
ideal lifting state.

In the simplified evaluation, it must be considerathether at least one of the
determined 5 base cases, where the weight, theerafghe lifting/lowering, the
frequency of handling is within the limits. If itsitrue, the manual handling is
acceptable, otherwise further investigation is eeed

3.5.The “Repeated Movements” sheet
The simplified procedure for the assessment ofépeated movement in terms of MSD
risks will only be possible if four conditions medthese conditions derived from

the standardsare the followings
1. The work can be characterized by operational cydles given series of
operations is repeated.
2. If the work is primarily not intellectual, or it @s entail the visible movement
of the upper limb, this assessment is required.
3. Activities characterized by operational cycles make4-8 hours in the course
of the shift.
4. There are at least three minimum 10-minute breaks.
5.
In the simplified evaluation, it must be considerathether at least one of the
determined 5 cases, where the number of actioas;ytble time, the awkward posture,
the environmental conditions and the exerted fareelimited in different forms. If all
of conditions within the case are true indepengefir both hands, the repeated
movements are acceptable, otherwise further inyasin is needed.

6. THE VALIDATION OF TOOL

As we mentioned, parallel with the CERA experimttiet analyzed work activities were
also evaluated using other tools, as REBA, JSIMAG depending on the nature of the
activity. Since in most of the cases the REBA waes ¢ontrol tool Table 1 shows the
result of the comparisons for posture. Whereaduiiing the testing we used the CERA
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XLS 1.2 version there are no data for some bodyspahich are listed in CERA 1.3.
The reasons of large differences in equivalencettaeconsequences of difference in
the range of joint angles at the two methods aokl ¢d human and technical resources
for more detailed research.

Table 1: Comparison of CERA and REBA results at posturesssent

Assessed body part and direction Number of nearly Equivalence in %
equivalent cases

Head/neck bending forward and bagk 15 58
Head/neck twisting 15 58
Head/neck bending sideward 26 100
Trunk bending forward and back 3 17
Trunk twisting 15 58
Trunk bending side 10 38
Upper arm forward 11 42
Upper arm sideward 10 38

We could understand the limits and barriers of as#d method and recognize which
factors are available for validation, and which ®tfier additional value to evaluation
increasing the reliability of the risk assessment.

7. CONCLUSION

Further development of the method is required. &hgill be two directions of the
development:

1. to distinguish clearly the circle of industrial Wwplaces where the tool is

applicable and where it is not, and
2. to widen the circle of workplaces where evaluat@am be done outside the
industry, for example office, health care, senggen education.

Concerned to this" goal the additional sheets for evaluation of effivorkplaces
included VDT are in preparation. There is contimmdeedback from pioneer users on
both professional and educational sides. The aithigation of this goal appears in
exclusive and permissive conditions of materialdiiag and force exertion and on the
other hand in the manual of the tool.
If the tests will increase in number and in varietytasks the reliability of the modified
tools will also increase and we can exactly desctite limits and the opportunities of
the applicability of the tool.
By the end of 2013 we intend to publish the finaper-and-pencil and Excel version,
too. The method will provide full and comprehensimternet support and face to face
training as required. We hope that the CERA wiltdree the basic tool of ergonomic
projects at small and medium enterprises in Hungary
The CERA tool is suitable to establish and stremigtthe ergonomic approach of OHS
practitioners and to help the teaching of fundamisrdaf ergonomic workplace design.
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Abstract:

Among the most frequently used commands while apgraams in Bosnia and Herzegovina and
the Republic of Croatia are: "dead man" functionake module, accelerator, horn or bell,
flashing light button, direction indicators, switdg or blocking points, and commands for
manipulation of the doors in passenger area. Durilegign the most commonly used commands
and their indicators for manual serving must bealed according to the following criteria:
within the range predominantly of normal arm reachthe central 90% of the tram driver
population, inside biacromial range (shoulder widtim) the central 90% of the tram driver
population, within the vision field of the tram & without turning their head, taking into
account the circumstance that most of the driveesrighties and few are lefties and equally well
in using the right hand, with the use of multi-puspocontroller for an arm (group-related
commands accelerator, brake modules and “dead maail in all circumstances respecting the
instrumental (operational) conditioned reflexes thm drivers. This paper presents a
comparative ergo-assessment of driving cabs antf@opanels for the latest models of trams in
Sarajevo (Satra Il, produced by GRAS Sarajevo irHB&nder licenseCKD PRAHA which
operates in Sarajevo) and Zagreb (TMK 2200, produgg Crotram manufacturers consortium
in RC, which operates in Zagreb). The constructiorjoméailures were noted and this has
negative effect on the drivers due to inconsistdretyeen the sensory and motoric function and
the absence of cognitive approach to study theedsivneeds. This results in increased driver
perception response time and increased difficultyre tram drivers’ task.

Keywords: the most commonly used commands, sensory and rwtotions, instrumental
conditioned reflex, task difficulty, cab design,

1. INTRODUCTION

According to Fuller's TClI model from 2005 [1], ergssessment factors from
the groups of factors "traffic environment”, "trgost means"”, and "human factor"
affect the task demands. According to Sumpor [2him doctoral dissertation he has
proven the effects of "transport means" and "ttaffnvironment" on the factors from
the "human factor". According to the open dynaml ™odel by Ray Fuller [1] the
factors from the "human factor" also affect thevers’ capability as well as task
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demands. In these circumstances, because the etiguees’ and tram drivers’ task

demand is very similar and depends predominantlghenchange of speed, it can be
concluded that with cab design the driver's memtatkload intensity of male and

female tram drivers can be programmed. Fatigue ne of the most important

consequences of the workloatihe feeling of fatigue from cognitive perception of
drivers, according to Ashton and Fowler [3] andufggl, may be the reason for the
occurrence of errors and may affect the perceptsponse time.

Reaction
timo

Factors
affected
by fatigue

Decision
making

Figure 1: Consequences of fatigue
Source: Taken over from Ashton and Fowler, 200p, [3

According to James Reasf4] the errors and violations have been grouped under
the general heading of unsafe acts, and classified-compliances (like errors)
according to the level of performance at which thegurred: the skill-based, rule-based
and knowledge-based. The five principal factorsclhaffect the perception-response
time PRTwere analyzed by Green [5]: expectation, urgeagg, gender and cognitive
load. The design of current driver cabs and corgariels in trams in Sarajevo has not
taken into account the ranges of the most imporaatiiropometric measures from a
random and sufficiently sample of tram drivers [6he same situation is in Zagreb
trams. This may result from the occurrence of thigjective feeling of workload from
the drivers’ cognitive perception [6].

2. COMPARATIVE ANALYSIS OF MULTI-PURPOSE CONTROLLER S
AND FREQUENTLY USED AND MANUALLY SERVED
COMMANDS

Among the most frequently used commands while dpgydrams in Bosnia and
Herzegovina and the Republic of Croatia are: "deah" function, brake module,
accelerator, horn or bell, flashing light buttonedtion indicators, switching or
blocking points, and commands for manipulationhaf tloors in passenger area.

The multi-purpose controller for the left arm ingfaeb and also in Sarajevo is
designed for group-related commands in connectidgthh the changing of speed:
accelerator, brake modules, and “dead man” functidris is a very good solution,
because according to Fuller [2] the choice of spisethe primary solution of the
problem of keeping the difficulty of task withingtselected limits. It is impossible to
conclude whether the positioning of the multi-pispaontroller is better on the left or
the right side of the control panel without anatgrithe operation of instrumentally
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conditioned reflexes and without measuring the treactime of the tram drivers,
because the majority of tram drivers in Zagreb Sadajevo are right-handed, and a
small number of them use equally well the leftha tight hand during driving.

Some of the older models of trams in Zagreb, likedet 2100 without trailer
(produced by TZV Gredelj) with manually served cofs has an identical multi-
purpose controller for group-related commands, witkgrated “dead-man” function,
on the left side of the tram cab and for the dis/kaft hand. Older models of trams like
articulated models TMK 301 and 354 or model TMKWith trailer B4 (both produced
by CKD Praha) have foot-served commands for acceleranor brake module, both
models without “dead-man” function. The old modeéK 201 with trailer TP 701
(produced byburo bakovit) without “dead-man” function has a combinationfadt-
served and hand-served commands for the brakingii@dchore types of brakes), and
hand-serving of the accelerator with left arm.

Figures 2, 3, 4 and 5 show some of the frequerstdumanually served commands
on the tram control panel in the new tram model TIIROO (produced by Crotram
consortium, which operates in Zagreb). The commavtish are extremely within the
maximum reach of the right driver's arm are: dimttindicator switch, switches for
setting the points, buttons for door manipulatibell button and flashing light button.
According to Table 1 male respondents in Figure3 &xd 4 have the value of maximal
arm reachh,,q: = 75 cmwhich is closer to the centre of the central 9@¥orhale drivers
in Zagreb, and female respondent in Figure 5 hhgesalue of maximal arm reabhg,
= 72 cmwhich is closer to the upper limit of the cent@@% for female drivers. Both
respondents from Table 1 have values of maximalraanhh,,y which is closer to the
centre of the total range for the central 90% ofenaad female tram drivels,q,= 61.9
+ 82.6 cm (range of maximal arm reach between fftle percentile for female tram
drivers and ninety-fifth percentile for male tramivers).

Table 1: Comparison of standing height and maximal armhredanale and female
respondents in Figures 2, 3, 4, and 5 with thegamg central 90% from the male and
female tram drivers' population in Zagreb

Male drivers in Zagreb Female drivers in Zagreb
52 maletram
i 36 female tram
Respondent| drivers from d dri f
.1 in Figures 2,| sufficient and Res_pon ent rivers from
Compared statid 3 and 4 ' random in Figure 5 sufficient and
anthropometric sample random sample
measures P
Calculated Calculated
Measured Measured
amount range for amount range for centra
central 90% 90%
hi (cm) Ahggy, (CM) hi (cm) Ahgog (CM)
h 'rfé%”ﬁ'”g 173 170.9+191.0 171 158.5+174.8
hmar— Maximal
arm reach or 75 69.7+82.6 72 61.9+76.8
length of reach
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Figure 2: Manual serving of the button for door manipulat{omodel TMK 2200 )
Figure 3: Manual setting of points (model TMK 2200)

Figure 4: Manual serving of the bII button (model TM 2200)
Figure 5: Manual serving of the direction indicator switchadel TMK 2200)

‘ Blocking the point ‘

Emergency brake
‘ Setting the point ‘ ]'

-~ o
Direction indicators
Bell button

‘ Flashing light button

Accelerator

Multi-purpose controller with
integrated button “dead man”

15t door open control

|| Braking
module

‘ Other doors open control |
Emergency brake

‘ Other doors close control |

Figure 6: Control panel scheme of tram type SATRA Il mantifeed by GRAS, B&H

1stdoor close control
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Table 2 presents a comparative ergo-assessmemteofantrol panels for the latest
models of trams in Sarajevo (Satra Il) and Zagiig¥dK 2200). In both new tram cabs
in Zagreb and Sarajevo there are no foot-servedands.

Table 2: Comparison of the frequently used manually sec@dmands for the latest
models of trams in Sarajevo (Satra Il) and ZagiedK 2200)

Models of trams

Frequently
used manually
served
commands

Satra Il, produced by GRAS
Sarajevo in B&H under licensékD
PRAHA, which operates in Sarajev

0 Croatia, which operates in Zagre

TMK 2200, produced by Crotram
manufacturers consortium in

=

Horn or bell
and
flashing light
button (near the

bell button)

Predominantly inside the range of|
normal arm reach, better solution
than in Zagreb and closer to the
centre, predominantly inside the
biacromial range, bell button is first
button in a row, flashing light buttor]
is the second button in a row, at th
bottom of the right module an arm
rest for the right arm

It is too much to the right, outside
the biacromial range, outside thd
range of normal arm reach, buttogs
are not visually and physically
separated (especially the bell
button), bell button is the second
button in a row, flashing light
button is the third button in a row

e

Direction
indicators

Predominantly inside the range of|
normal arm reach, better solution
than in Zagreb and closer to the
centre, predominantly inside the
biacromial range, a visually and

physically separated switcht the

bottom of the right module an arm

rest for the right arm

It is too much to the right, outside

the biacromial range, outside thq

range of normal arm reach, the
second switch in a row

Switching or
blocking points

Outside the range of normal arm

reach, better solution than in Zagre

in the middle of tram control panel,

inside the biacromial range, in the

field of vision without turning the
driver's head

It is too much to the right, outside
the range of normal arm reach,

outside the biacromial range, the
drivers must turn their head, the
first switch in a row

b,

Manipulation of
the doors in
passenger ared

Predominantly inside the range of|
normal arm reach, outside the
biacromial range, better solution tha
in Zagreb, at the bottom of the righ
module an arm rest for the right ar

Outside the range of normal arm
reach, outside the biacromial rang
and outside the driver's field of
vision, the drivers must turn their
heads, the smallest female drivels

e

AN
t
n

use a pencil during serving

Accelerator
Brake module

“Dead-man"
function

Multi-purpose controller for the
commands in connection with the
left and too much to the back, outs

without turning their heads, outside the biacromaalge

left arm desigrfed group-related
changing of spiésifoo much to the
ide the fieldisfon of the tram drivers

According to Figure 7 the right module of contra@ngl in the model Satra Il with
some of the most frequently used and manually secoenmands (bell, flashing light
button, direction indicators, manipulation of theods in passenger area) has at the
bottom of the module an arm rest i.e. handle ferright arm.
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Figure7: Control panel in the tram type SATRA Il, manufaeid by GRAS, B&H

3. DISCUSSION AND CONCLUSION

Control tram panels in Sarajevo and Zagreb are sénjlar, with a very similar
arrangement of commands for manual serving, bedhesehave been probably copied
with little changes from a same model. The tramtrmbrpanel in the new tram in
Zagreb is nicer in relation to Sarajevo, but themrcontrol panel in the new tram in
Sarajevo has slightly better ergonomic solutionstiie part of the frequently used and
manually served commands. The cognitive approac$tudy the drivers’ needs and
research the feedback from cognitive drivers' pefoe are necessary for the
application of better ergonomic solutions duringsigaing. The instrumental
(operational) conditioned reflex of tram driversedo past experience in different cabs
need to be studied by comparing the deploymenh®fcommonly used commands for
all models of trams operating in Zagreb and Samjatthe same time by measuring the
response-reaction time of the tram drivers, depgndin foot-serving or hand-serving
with left or right extremity.
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Abstract

This paper describes a practical and simple appho&e designing ergonomic handles using
software for 3D design and equipment for rapid ptgbing. The new technologies reduce costs
and allow manufacturing of ergonomic parts in shpdriod of time. The feasibility of this
approach was verified with the development of custade ergonomic handle for wheelchair.
The handle was designed using a hand-grip impradgsithe clay model. After acquiring a hand-
grip impression the model was digitized with Steihleir Comet5 3D scanner. CAD model of the
ergonomic handle was designed upon on the crosstioee obtained from the .stl scanner file.
The prototype for assessment was built on the Z@Drprinter.

Keywords: 3D design, rapid prototyping, 3D scanning

1. INTRODUCTION

Since the world market is in constant developmérd, companies have realized the
importance of ergonomics because ergonomicallygdesi products have a competitive
advantage in the marketplace.

A product may be simple or complex; however, ityafl@epment process involves a
series of events of identifying the user's needsjnthg design concepts, making a
prototype, testing usability, and releasing a pobdo the market [1].

When developing new products it is important toueasshort development, i.e. to
ensure that the new product goes to the markeiasas possible.

In order to shorten the development time it is esSakin the early stages create a
prototype (working model of the product) to be usedtesting. After determining the

initial shortcomings, the prototype is being redasd. This process is repeated until
satisfactory results are achieved in all areasctfanality, aesthetics, ergonomics,
safety, etc [2].

Building a working prototype depends on availaldehnologies, e.g., handiwork or
rapid prototyping [3, 4]. Many ergonomic guidelire® available in the literature, but
these are often too general for specific applicetiotherefore ergonomists need to
extract concrete information from the guidelinesdaspecific product [5].
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Rapid prototyping technology has the potential tptare ergonomics dataB
scanning and to make a transfer of informatic®AD softwarg which are needed for
producing an ergonomically designed product. Furthethis paper the procedure of
capturing analog information and producing a math#rally defined model in CAD
environment will be demonstrated. The final resukvorking prototype made using 3D
printing technology. Figure 1 shows the generatess of handle development.

Transfer of
Information to
CAD environment

Acquiring
ergonomic
information

Prototyping

Figure 1: General process of handle development.

2. CAD MODEL DESIGN

It is suggested that ergonomics knowledge be cersitiat the earliest stages of the
development process. A development team typicadlkes the user’s needs and
ergonomics data and then brainstorms imagined pateesigns [1].

2.1. Acquiring ergonomic information

As a starting point for the development of new pidd designer is often a person
which makes a concept, i.e. a draft that produgineers later form into the actual
product. In this case the input information is ada grip impression in the clay model,
which defines all the essential characteristicstiod product, such as the basic
dimensions and cross — sections. The clay impnessas acquired from the client so
that handle would be a perfect fit. Figure 2 shttwesclay model.

Figure 2: Clay model of a hand — grip impression preparedgéanning
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2.2. Transfer of ergonomics information to CAD enwionment

After acquiring the clay impression, informationeds to be digitized so that we could
get a 3D model on the computer. Part digitizateadcomplished by variety of contact
and non-contact digitizers [6]. In this particulzase the transfer of information was
done with non-contact digitizer, Steinbichler COMEBD scanner. The point cloud
obtained from a several scans was afterwords psedesnd converted into the .stl file.
The cross — sections of a future CAD model wereaektd from the .stl file using

Steinbichler COMETplus software package. Figurd@ss the .stl file with extracted

Cross — sections.

Figure 3: .stl file a); extracted cross — sections b).

2.3. CAD modeling

After extraction from the .stl file, cross — seasowere imported in CatiaV5 software
package. The CAD model of a handle was designeldirmihe moduléVireframe and
Surface DesignDue to the demanding geometry a framework pladesign process
has been created and divided into several staggsréM4).

Connecting the
cross-sections with
curves

Design of planes
and
cross-sections

losing the surfaces
and converting to
solid model

Figure 4: Sequence of the design process.
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For quality design it is very important to make 930~ sections, which can later be
easily modified [7]. The geometry of the handle wesigned usingViulti-section
surface function and finally connected witBoin function into a single surface and
converted to a solid objecClose Surface After applying radiuses on the sharp edges
Cad model was exported in the .stl format file.urgg4 shows a CAD model ready for
3D printing or rapid tooling.

Figure 5: CAD model of a handle.

3. PROTOTYPE MANUFACTURING
3.1 Process of 3D printing

3D printing technology has been developed in thy €®®90s - by the Massachusetts
Institute of Technology in the USA. Thermoplastimetal, ceramic or composite
powders are used as building materials. The bigldaterial is applied to the platform
by means of roller, and then the printer head appbinding glue, what leads to
selective connecting particles of powder. The bagdplatform is then lowered to the
height of the layer and the whole process is regkedtipon completion of the print job
the model should be strengthen by dipping or cgatiith certain adhesives or resins

(81[9].
3.2. Prototype production on the 3D printer

No matter which technology we use to create 3D nspdlee procedure that leads to the
finished prototype is always the same and conefdtse following steps:

Design of products in CAD / CAM software package,
Converting CAD model to .stl format,

Preparation of 3D printer for operation,

Printing model in layers,

Additional postprocessing of the created models,
Application.

oakrwnpE

After completion of the design process .stl fileimsported in the ZPrint software
package. This software is used to define the ggttamd options of printing process.
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The model is positioned in a working volume of 3iinter in such a way to provide the
highest quality of demanding surfaces and to minérthe print time. To avoid the
stepped structure that could be pronounced in tineed surfaces for thickness of the
print the smallest possible value was selectedB@rm). ZPrint also gives a report on
the amount of materials consumed in the printingcess of the model (62,09 cm3).
After printing the model is left in the 3D printat least 45 minutes to preserve the
geometric stability. After cleaning the excess pewand fixing with Z - Bond adhesive
physical model is ready for use.

Time Estimation Report

l
w= 01439 nl; Magenta = 0,149 ml; Cya

bic centimeters,

Figure 6: Model placed in the working volume of the 3D peint

In Table 1 are listed the actions that were coretuat the process of prototyping with
associated times from which is to see that finigmedotype of a new product comes in
a very short period of 2 — 3 days, which comparéith the conventional methods is
much faster, more accurate and ultimately bettestoB/pe production using common
methods with constant improving and redesignintgofplate usually takes a lot longer
than few days.

With the appearance and implementation of systemsafpid prototyping during the
mid - 1990s duration of development projects hagaificantly decreased and reached
the framework of a few weeks [10].

Table 1: Time estimation for prototyping process.

Action | Duration, h
Clay model acquiring 45 min
Drying in the oven 15 min
Digitizing with 3D scanner 30 min
Postprocessing 30 min
CAD modeling 10 h
3D printing 2h 24 min
Drying 45 min
Additional processing (dipping) 1h
TOTAL | 15h 45 min
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4. CONCLUSION

Designing new ergonomic products today does noessrily mean finding new
technical solutions and breakthroughs, but occumsough a departure from
conventional approaches and traditional materiadsdesigns.

Application of Rapid Prototyping technologies inwneproduct development as
compared to the conventional approach, dependinghensize of production can
provide savings in the amount of 50 — 90% of ussdurces.

Making custom made ergonomic products using RapidtoB/ping technologies

reduces costs and allows manufacturing of ergonganits in short period of time. This
paper shows that using clay and the 3D scannemaexd# for information transfer (“to

get the shape right”) saved about a month in CABD pimysical prototyping iterations.
Total time used for prototyping compared to few kseer a month is much faster,
cheaper, more accurate and ultimately better.

Nowadays technology of rapid prototyping has eviblieea level that is used in a wide
range of applications for creating conceptual msdélnctional prototypes, finished
products, tools, etc.

In the near future disadvantages such as higharabtthe limited choice of materials
will likely be removed thereby technology for ragitbtotyping will get the opportunity

to meet all the requirements set by the produdtidhe various branches of industry.
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Abstract: Introduction of closed circuit television for suillence of production process safety
and efficiency in industrial facilities for procésg metal, production of boilers, transformers,
machine construction etc. represents a complex @eehanding project task. Nature of the
process and characteristic layout of machines,d@wid equipment as well as lighting conditions
in the production area do not allow the traditiorimplementation of video surveillance camera
layout and mounting. Due to a large number of otlswithin the field of view, the application
of traditional approach necessitates the instatlatof a large number of cameras which entails a
larger number of digital recorders and greater hadisk capacity as well as an enormous
increase of investment costs. Considering the riapeions in the field of view, the application of
the classic design approach with megapixel IP cantecanology results with the same problems
we encounter in the application of technical solngian analogous implementation. This paper
analyses the methods of obtaining economically @etde solutions for the surveillance of
production process safety and efficiency in demandnteriors of metal industry production
facilities.

Keywords: surveillance, ergonomic safety, efficiepegduction process

1. INTRODUCTION

Visual surveillance technology with electronzmeras has evolved from a need for
monitoring processes in environments dangeroupdople. During 1942, the company
Siemens AG has, under the direction of Walter Br(eker the creator of the PAL
system), developed a closed circuit televisionesystCCTV) for the purpose of testing
and monitoring the launches of infamous Nazi rcgké&®. After the end of World War
I, the development of military industry for longange missiles and later the American
space programme has transferred the further dewelopof this technology to United
States which was the leader in application and Idpweent of closed circuit television
up to the end of Cold War.

Correctly detected requirements and desigmemhés of the video surveillance
system will enable the required and accurdégection of persons, recognition of known
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persons and the possibility to identify the idgntf unknown personsased on the
video recording [1].

2. ELEMENTS AND APPLICATION OF CCTV

In any of the required fields of use, the elb<ircuit television system consists of
the same basic elements. These are: camera, krisedor storing and viewing video
recordings, connection medium and monitor. The edosircuit television system,
regardless of its area of application, is alwaygexted to the same physical laws which
affect the qualitative results of its operationspday of optical image of required
resolution on the monitor screen.

3. BASIC LAWS THAT GOVERN THE CCTV

The optical image of required resolution, tigpd on a surveillance monitor screen
is the end result of operation of all the elemeaviitch make the closed circuit television
system. The term optical image implies a clearadpction of objects that a system of
lenses and mirrors creates from reflected, refdacte diffracted rays of light [2].
Definition of the term "required resolution" depsnodn the area of application of the
closed circuit television [3].

The closed circuit television system, i.e. Wigeo surveillance system (according to
terminology used by security firms, police and ligislator in the Private Security Act,
Law on Minimum Security Measures in Cash and Sé&esrOperations), in public and
private security is used for detection of persamghe surveillance area, Figure 1,
recognition of persons, Figure 2 and identificatidipersons, Figure 3.

L]t L]

Figure 1: Detection of Figure 2: Display of a Figure 3: Display of a
persons in the protectedperson occupies 504f the person occupies 100% of
area, a person or an objectscreen height — knownthe screen height — person
occupies at least 10% ofpersons recognition is identification is enabled.
the monitor screen height. enabled.

The conclusion is that the closed circuit wEi®mn system, depending on the
application, must meet certain requirements whiefing the size of the elements in the
scene displayed on the screen and the resolutitreqgdicture displayed on the monitor
screen. The requirements for the size of the sedmaents and the picture resolution
depend on the functional application of the systéfhen the system is used for person
identification, its elements must satisfy much lkighechnological requirements as
opposed to when the system is used for detectipgesence of persons within the
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protected area. Moreover, it is apparent that ibe &f the scene elements displayed on
the monitor screen depends on the functional reqents.

4. CAMERA, LENS AND SCENE DIMENSIONS

The nature of laws of photographic optics ushsthat the combination of certain
types of sensors and lenses of certain focal lsnd#termines the camera’s horizontal
and vertical field of view. These relations arewhmn Figure 4. Field of view of the
camera in horizontal and vertical plane can berdeted on the basis of the following

relation:
w h

f
w H d 1)
where: W — width of the recorded scene,

w — width of the optical sensor,

h — height of the optical sensor,

H — height of the recorded scene,

f — focal length of the lens and

d — distance of the camera from the recordedctbje

I Camera location Scene of monitored space

v = height sensor —
h = width sensor i

Horizontal field
of view angle

Vertical field of g

view angle

g =T g H = height scene
W = width scene

Figure 4: Camera’s field of view, focal length of the lenglaatene dimensiorid]

The mentioned relations of sensor dimensiars facal length of the lens speak
about the dimensions of the scene that can be &egrsolely on the basis of these
relations there is no information on the precissitaan of the plane within the scene
where the scene elements will be the sharpestemtmitor screen. The plane within
the scene where the elements are the sharpedirisdidy a term depth of field. Debt
of field represents the area which the lens digpkharply. It depends on three factors;
aperture, distance of the scene elements andlfwgth of the lens [5, 6, 7, 8].

Each obstacle inside the camera's field ofvviequires an installation of an
additional camera for monitoring the scene defibgathe functional requirements of
the system illustrated on Figures 1, 2 and 3. Carnmea closed circuit television system
intended for increasing workplace safety and silaraie of production process
efficiency can enable a detection of persons withiscene, recognition of persons
within a scene or their identification. Single camevithin the system can fulfil only
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one of these three functions, in no way can it itatalely fulfil all three functions at
once.

5. DESIGN APPROACH TO POSITIONING CCTV SYSTEM
ELEMENTS

Dimensions of a production facility which réms the implementation of a
surveillance system for production process ergon@afety and efficiency in metal and
engineering industry is 130 x 50 meters, and thighttédrom the floor to the roof beams
is 12 meters. In this kind of buildings there isnavable crane at a height of 8 to 10
meters, which dynamically affects the camera’dfiel view along the entire length of
the building. Along the middle of the productiorifdy there is a marked 3 meter wide
pathway for entrance and movement of persons amndbment, an workplaces and
machines are arranged along the entire lengtheobtject on the left and right side of
the marked pathway. Welders’ workplaces are foetgafeasons separated by screens,
as well as equally dangerous workplaces of grind&nstective screens, because of their
structural function, also interrupt the camera&ddiof view. Figures 5 and 6 illustrate
the interior appearance and dimensions of a typicaduction facility [9].

.- LTSRN A sqr‘y_‘ -

. E=—a— x_-
-
=i |

" : - qRL i
_ Ll

Figure 5: Interior of a production hall Figure 6: Interior of a functional
with a crane under construction production hall

In these kinds of interior conditions the iat@ must ensure the surveillance of
ergonomic safety and efficiency of production psxéy using an optimal number of
closed circuit system elements which ensures désttereness of the investment. For
the purpose of surveillance of safety and efficjeottthe production process the system
must provide functionality at a level that is “mdhan detection, less then recognition”.
The minimal visual requirements for the investongist of a need to detect the use of
protective equipment in the production process amd insight into workspace
occupancy and performance of activities at the plaide.

The closed circuit television system for thisplication does not have to enable
recognition of persons or parts of personal pratectquipment smaller then a safety
helmet Due to a characteristic colour of the safetymet with a visor, this type of a
helmet can besides recognition by shape also lmgnézed on a person by a distinct
colour which is different from all the other pads$ protective equipment. The only
installation position which ensures the smallestsifile interruption of camera’s field
of view and the installation of the minimal numbdrcameras is above the factory
crane, at a height of 12 m above the factory fltisheye” lens is a type of a lens that
additionally increases the efficiency of a singtanera’s field of view, and its optical
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spherical distortions will not decrease the sutaede performance of the system in this
functional application of the closed circuit telgiein system.

6. PURSUIT FOR ECONOMICAL SOLUTION OF THE PROBLEM

It is necessary to secure an economicallye@table and functionally efficient
solution for the implementation of the CCTV systenthe production facility of large
dimensions and multiple interruptions in the lifesight. Determined dimensions of the
building are: length 130 meter, width 50 metersghtefrom the floor to the roof beams
12 meters. Multiple interruptions in line of sigtittate the need for installing cameras
under the roof beams. Regarding the width of thigimg, it is assumed that the use of
a fisheye lens paired with a 1/2.5" optical sersdfds Mpx resolution will achieve the
optimal coverage of 50 x 50 meters per camera. \Wiist kind of coverage over a
length of 130 meters we assume that the functieffaiency of the system could be
insured with 3 cameras and their lenses. Camerds df view (HFOV) for the known
sensor dimensions and focal lengths can be cadtllatcording to the following
equations:

HFOV = camera distance = M (2)
Ffocal length
Since the distance of the camera (height ah&fers) and sensor dimensions (1/2.5"
sensor is 5.76 mm wide [10]) are known, requireldevas the focal length of the lens
needed to cover a 50 meter wide area:

distance «zenzor diggenal
Focal lemgth — p— (3)
12 000576
Focal jengen = - (4)
Foeal guienger = 1.3824 mm 5)

When calculating focal lengths in photograptics, values smaller than 1.4 mm
and greater than 500 mm are considered unrealBticause of this the focal length
value is selected from 1.6 mm and backward cheokeithe basis of HFOV formula for
the field of view that this combination of sensaddens will provide.

HFOV =12+ == (6)

o0.001i6
HFOV = 43.2 meters (7)

On the basis of calculation we can concludg ghcamera installed in the middle of
the building at a height of 12 meters with a fishégns and focal length of 1.6 mm wiill
cover a scene 21 meters wide to the left and dflite point of installation. This gives
a satisfactory covered width of the building, sitemeters from the edge of the
building does not represent a space of vital istefi@ the investor. Considering that the
lens projects a circular scene image onto the alpsiensor (so calledircular fisheye
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leng, the scene also includes 43.2 meters on produdiball length. Since the
production hall is 130 meters long, for successfulerage of the entire hall length a
total of four surveillance cameras will be needéhmeras will be installed at a height
of 12 meters at equal distances of 32.5 meters.

7. CONCLUSION

By applying an alternative approach in thergedor a solution the requirement of
the investor which at first sight requires a latgelget for project realization can be
accomplished by relatively modest means. Certaimitigating circumstance which
enables the alternative approach is the level attianal application: “more than
detection, less than recognition”.

Closed circuit television can be successfullged in all areas where its
implementation enables increased work safety leaets efficient allocation of scarce
resources, as well as surveillance of processeseas that are dangerous for people,
surveillance of automated production processeswomitoring of work safety level and
employee productivity.

When the same combination of optical sensodslenses is used, we always get the
same scene widths. When a lens of certain focgfteis used in a combination with a
sensor of larger or smaller dimensions, the sceid¢hwill not be the same. For the
same focal length of the lens, sensors of smalieedsions get a smaller optical picture
of the scene, and accordingly the field of viewe, ithe width of the scene will be
smaller.

The increase of scene width with the use ofamer sensor results with a
proportionate increase of investment costs singetasensors are more expensive and
their lenses are in a higher price range. Investrivetarger sensors is justifiable in
cases when the scene width of an individual semeglaces the total production process
surveillance area covered by several smaller sensor
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Abstract: In order for the user interface to be of acceptatrigonomic design and ready for use,
it is necessary to observe the basic rules of dedigmodern technology user interfaces can be
found almost everywhere; in business applicatioftwsre, web pages, mobile devices, personal
computers, databases etc. When designing the steuof the interface we must define the basic
structure in a way that defines the basic elementia system components. The basic function
of the user interface is to facilitate dialogue,cammunication between man and computer.
Unlike the written word, the interface is not meamt ¢ontinuous reading, but it is more of a
dynamic framework foreseen by constant complex temlecThe user interface is basically
defined as a two way communication channel betweenamarcomputer. If we wish to expand
this definition, we can then say that modern ustsrfaces use relatively intelligent technologies
for achieving communication between man and computer

Key words:construction design, ergonomics, user interfacdy partal

1. INTRODUCTION

To enable the users to communicate with thepeder we have to develop a user
interface which is also called “visual interfacti.order to make the communication as
successful as possible, the user interface mudesigned according to certain rules and
recommendations [1].

Formerly computer screens were used only feplaying text that the user was
typing on the computer keyboard. In the graphia ursierface environment the screen
itself becomes a data input device. It represeméphical objects with icons, and
different data input / output devices with commdmuttons and scroll bars. By using a
keyboard (or with a more direct pointing deviceelik computer mouse) the user
manipulates with the selected objects on the sciledhis way the interaction between
the user and software becomes direct. Instead efn@y flow of information from the
keyboard to the software and then towards the seithe user communicates directly
with the objects [2].

The goal of modern intelligent user interface$o bridge the existing problems of
man and computer interaction by maximally adaptiveguser interface to the user and
offering him new ways of communication with the usk ergonomic construction
design.
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2. USER INTERFACE

User interface is a way of interaction betweexan and computer through
manipulation of graphic elements and accessoritis avhelp of textual messages and
notifications. User interface is used for contradlithe computer, it can be used with
input devices like the computer mouse, keyboara tuchscreen. In the present user
interfaces the output device which visually disglayumerous commands, as well as
user actions, is the computer screen [3].

User interface comprises of three basic parts:

- Navigation mechanism determines the way in whidah tker will direct the
requests towards the system, i.e. the way in wttiehuser orders the system
what to do (e.g. user selects a menu to get a wirfidoproduct data input, and
saves this data into a database),

- Input mechanism determines a way in which the wsd#ers data into the
system (e.g. a form with 5 empty field in which theer enters data about a
certain person) and

- Output mechanism determines a way in which theesystelivers data to users
(e.g. printed reports, diagrams ...).

The goal of ergonomically designed user iaieef is the implementation of an
interface which is easy to use, has a nice appearamd at the same time allows the
user to perform a certain task with minimal effartd time. The basic problem with
designing a user interface is a large quantitynédrmation that a user interface must
provide to the user, and not enough space for ajsmy this information on the
computer screen. Most often we must use severaéssy forms, pages to show all the
information which complicates the user interfacetfe user; Figure 1 shows a graphic
user interface for music production with multipl@mitors [4].

Fig. 1: User interface with multiple monitors

2.1. Types of user interfaces

User interface is a basic interaction of asparwith the computer. Over the course
of history a larger number of systems was develpfredn ones having only textual
interfaces to ones with pictures, icons and souechents. In modern computer science
there are three main types of user interfaces; camdntine interface, text user interface
and graphical interface [5].
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2.1.1. Command Line Interface

In Command Line Interfaces (CLI), commandseventered via a keyboard into a
provided frame, and the course and result of angtask was displayed on the screen.
The performing of tasks was linear and foreseen daitasking (simultaneous
performance of a single task).

All Windows operating systems include an optfor command line work on the
computer. Sometimes even today command line irdesfare used for management of
files, maintenance and inspection of the systemint@maance and inspection of
computer networks and to work with files. FiguresBows a command line user
interface in MS-DOS.

2.1.2. Text User Interface

Text User Interface (TUI) does not have a biegd display and it always uses
textual representations of functions, but the usHghis type of user interface is closer
to a graphical user interface than to a commaraliliterface. Commands are selected
among the existing elements within the interfadee Toncept of a textual user interface
is more of an output type of interaction than apuintype of a command interface.
Textual user interfaces use texts, symbols anducslo

BIOS s an example of a text user interfacectvig used in every standard computer.
It is a basic computer program which is run after personal computer is turned on.
Figure 3 shows a text user interface on the exaofdOS.

2.1.3. Graphical User Interface

Graphical User Interface (GUI) simplifies thee of programs by making all the
function available within the user interface. A ibgd user interface uses windows,
icons, plain and drop down menus, dialog boxessimilar elements. For performing a
certain task within the graphical user interfacehage to control the visual elements.

Today the graphical user interface is not us@gt on computers but also on various
pseudo information technologies. The use of modemmputers, mobile phones and
similar devices is much simpler then in the timahef DOS operating system. Almost
all the operating systems today have a capabiityse graphical user interfaces and
Figure 4 shows a graphical user interface of a modperating system Windows 7.

TR w 4'®

Fig. 2: Command Line  Fig. 3: Text User Interface  Fig. 4: Graphical User
Interface Interface
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3. RULES FOR DESIGNING USER INTERFACES

User wants to control the computer and doegswenmt to be controlled by the
computer. The interface must enable the user tosfon the task at hand and he must
be able to do it in an intuitive manner. User ifgee is a window into an application.
Ergonomically we need to define an interface whilies not require unnecessary
actions from the user, i.e. the user must contrel dpplication with minimal effort.
Furthermore, it is necessary to “hide” the techinitetails from less advance users. The
application needs to be a layer above the computdrthe operating system, enabling
the user to interact with objects on the screemrWsants to control the objects on the
screen in a way he does it in the real world [6].

The interface must progressively offer optiolMbe most used options should be
offered first and only then options which are udeda lesser extent. Only data
pertaining to the user request should be displayeti all other data that distracts the
user should be avoided. The most used data shaildbdated at the beginning.
Grammatical structure and choice of words stay limegar language form in the entire
application. Titles and chapters do not need tohznged if there are more of the same
forms or tables.

The consistency of the interface gives a Visdentity of service which thereby
becomes more easily recognizable and accessiblisars because a determined user
perception of the service is being created. Thwsistency of the interface implies that
all the visual information is organized accordingah ergonomic design standard which
was applied to all the screen displays, mechan@t®mmand and data entry have a
limited set of options which were consistently useithin the entire application and
navigational mechanisms between individual taskseweonsistently defined and
implemented [7].

4. DESIGN FEATURES OF ERGO DESIGNED WEB INTERFACES

Concerning the comparison of ergonomic comsivnal design features, the
following will examine websites of three polytectwiin Croatia; Polytechnic in
Slavonski Brod, Varazdin and Vukovar. Present aishhas shown that the most
important thing for each polytechnic is for theielygite and preparatory phase to be as
simple as possible, understandable and transpaegat,dless of the project complexity.

4.1. Polytechnic of Slavonski Brod

The Polytechnic of Slavonski Brod has a highlidyy web page consisting of various
creative and informative segments where besiddassic home page and a page about
the polytechnic, and all the other basic informatithere is also a weather forecast for
the current day and two days in advance. Anotheitige thing is that the website
displays the number of currently active visitorsdamembers. When visiting the
website, visitor is immediately encountered by entrnews and there are banners
offering links to a foreign language school, preferal training and similar, Figure 5
[8].

Students can access information about stuebestiange, student projects etc. with
just one click of a mouse. The biggest drawbackhef analysed website is poor
visibility and accessibility of lecturers persosalil web pages.

196



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

4.2. Polytechnic of Varazdin

This is not an old polytechnic but it is constgriteing developed with great success.
New innovation which has involved into a strategy fthis polytechnic is the
development of web pages, which are better, of nyality and easier to use for
students, professors and random visitors alikeid@eshe basic information about the
institution, they offer separate pages for all tberses which can easily be opened on
the first third of the home page [9].

Furthermore, bellow these links there are &lasily accessible links to additional
contents like: ISVU, WEBmail, Moodle, Claroline, €&mmSpark, Filesender, Xica CAP,
CARNet. Another positive thing is that each notfion on the home page has an
indication of the course to which it refers besideéA shortcoming of this website can
be noticed as certain monotony in the choice adw, since prevailing colours are tan
and cool, and a lack of other informative and ie$8ing contents outside of the main
scope of the polytechnic. If we compare it to thebgite of Polytechnic of Slavoski
Brod, there is a lack of interesting informatiokelithe weather forecast and there is also
no easy way to access the personalized web pagediatiual lecturers.

4.3. Polytechnic Lavoslav Ruzicka in Vukovar

Perfectly organized and accessible websitePalfitechnic Lavoslav Ruzicka in
Vukovar leaves an excellent impression. Here weeharesent all the components
missing in previously analysed web pages of Cragtialytechnics. On the top of the
home page we can see alternating motivational pbrdie: “Dare to know”,
“Knowledge is power”,"We are not learning for schdmut for life”, “Many know a lot,
but nobody knows everything”, “Repetition is motloérall knowledge” [10].

The courses are easily visible and all therimftion about the desired course can be
accessed by a single click of a mouse. News aedtl&ctures by well know lecturers
or guest professors are clearly notable. Photoeigalhas photos which give great
insight into events that made a mark on Polytechmigoslav Ruzicka in Vukovar.
Photos are being rotated on the home page, ameng ith a photo of exterior of the
polytechnic with a bust of the first Croatian Nob&ize recipient Lavoslav Leopold
Ruzicka. Therefore, this is a perfect example ofvheith a relatively more effort,
ergonomic innovation and imagination we can credbetter result. Not much is needed
in order for one website to be better than anotihés,enough to implement just a few
details which are not present in other web pagédsnadrich contribute to the quality.

D [l Ik
Fig. 5: Polytechnic of Fig. 6: Polytechnic of Fig. 7: Polytechnic of
Slavonski Brod website Varazdin website Vukovar website
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5. CONCLUSION

Websites represent an important part of theeeithpression of a certain institution,
and accordingly each institution tries to havelihst possible web portal. Construction
features of web pages of Croatian polytechnicsedifin case to case basis. Although
they generally offer the same information and linkeeded for giving quality
information to the interested, it is certain thia¢re are significant differences in first
appearances, the way the pages ere designed,lalitsilaf all the required information
and the ease of navigating them.

The user interface is much more than just wivg] menus and icons. It includes a
complete user experience of using the prograntjregairom installation, start up speed,
way it is integrated with the operating system, apdo usability of documentation and
error messages. A good user interface is of extranp®rtance, actually, it largely
influences the successfulness of the program. Afhoconstruction design and
technology of the program ultimately determingdtsl capabilities and speed, from the
users point of view, the user interface is the oy

Thanks to continuous research, graphical usgerfaces are continuously
developing, and since almost all the novelties whiontribute to simpler and more
ergonomic work have been accepted by the usersydée interface will continue to
develop primarily in the direction of physical irdetion between users body
movements and command actions directed towardsottmputer.

The example of Polytechnic of Lavoslav RuzitkaVukovar web pages is much
more positive than other two compared polytechniaéth regard to its
comprehensiveness and positive first impressionrthEtmore the qualitative
characteristics of ergonomic approach to conswtuactdesign are of exceptional
importance in respect to the simplicity of naviggtiand sorting of information
according to priority.
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Abstract:

Prolonged exposure to high intensity noise resirtstrong psychological and physiological
effects and hearing loss which can lead to subjecteelings of disturbance from cognitive
perception of engine drivers and reduced workingacity. Apart from permanent health
problems, reduced speech intelligibility due to dfband noise exposure results in unreliable
communication in driver's locomotive which can digaintly affect the safety management of the
train by increasing the perception-response timalfers to sounds from traffic and working
environment, causing increased difficulty of thgiea drivers’ task according to open dynamic
Fuller TCI model of “task demand — driver's capatyili The paper presents the subjective
assessment of the respondents’ own state of hearipgirment, the effect of different noise
sources in the locomotive or motor composition,wadl as the subjective impression of the
quality of speech intelligibility in communicatidretween drivers and/or dispatchers. Relations
between percentage occurrence of specific causesmgforary or permanent subjective feelings
of disturbance in relation to type of locomotivermotor composition have been researched. The
correlations of the respondents’ subjective ratitgshe auditory effect of noise; TTS and tinnitus
as well as possible symptoms of vibroacoustic deseaselation to exposure time defined by the
working age of male respondents from the Republ@roétia have been also studied.

Key words: engine drivers, noise, subjective disturbances,, TiliSitus, vibroacoustic disease

1. INTRODUCTION

According to Sumpor et al. [1] research from ye@i@ while operating a locomotive
or a railcar the engine drivers are exposed tathtion of several simultaneous factors
of disturbances from the traffic and working enwinzent. “Continuous and periodical
audible traffic noise in locomotive drivers cab” tise first among dominant ergo-
assessment disturbance factor [1], evaluated gusie index of importanck, on a
random sample of 50 engine drivers, all from theuddic of Croatia. According to the
open dynamic TCIl model by Ray Fuller [2] the fastérom a "human factor" group
also affect the drivers’ capability as well as thask demands, while factors from the
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groups labelled "traffic environment" and "trangpmeans" are input variables in TCI
model. In general, noise affects both health (@alsand psychological) and behavior.
The effects of noise on human hearing are well tgided, but the effects of noise on
other aspects of human health are less understdoide can cause annoyance and
aggression, high stress levelskin infection, respiratory tract infections, tinnitus,
hearing loss, headaches, mental and neurologisatdérs etc. Apart from permanent
health problems, reduced speech intelligibilitye do broadband noise exposure, results
in unreliable communication in driver's locomotivEhis can, in turn, significantly
affect the safety management of the train by irgireathe perception-response time
(PRT) of engine drivers to sounds from traffic and wogk environment, causing
increased difficulty of the engine drivers’ taskcaling to open dynamic Fuller TCI
model of “task demand — driver’s capability”.

2. THE INFLUENCE OF THE NOISE EXPOSURE AND THE RESULTS
OF THE RESEARCHING

Engine drivers are exposed to significant noisyirmmment that includes broadband
noise and vibrations. This can result in appearaficgbroacoustic disease symptoms,
tinnitus, temporary threshold shiftTT9, permanent threshold shiftPTS and
compromise speech intelligibility between drivetaffs

Vibroacoustic diseas@/AD) is a noise-induced, whole-body pathology, of aesysc
nature, caused by excessive and unmonitored ex@tsuow frequency noiseLFN).
VAD has been observed in LFN-exposed professiorsalsh as aircraft technicians,
commercial and military pilots and cabin crewmersbeship machinists, restaurant
workers, and disk-jockeys [3]. It evolves over lgegm noise exposure, in years, and
can lead to severe medical conditions, such asazantfarcts, stroke, cancer, epilepsy,
rage reactions, and suicide [4]. Studies have shtvah environments with high-
intensity sound over 110 dB, combined with low-fregcy sounds below 100 Hz, place
people at high risk of developing VAD. This kindsifund and infrasound exists also in
daily working conditions of engine drivers at theo@tian railways. The possible
existence of known and evident symptoms of thisooit; progressive, cumulative,
systemic disease was investigated on a random saofig82 engine drivers and the
results are presented at Fig. 1 and 2.

70

60

50

40

m Mild stage

percentage

30 +
B Moderate stage
20 —

Severe stage

10 —

o -
5-15 16-25 >25

working age

Figure 5: Percentage of the symptoms occurrence accorditigetd AD stages in
relation to the drivers working age
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From Fig. 1, a slight increase of the percentageuwence of VAD symptoms for
severe stage in relation to the drivers workingiagasible.

According to Branco and Alves-Pereira, the stadasA® are as follows:

Stage 1 - MILD (1-4 years of exposure to noise)gl8l mood swings, indigestion,
heartburn, mouth/throat infections, bronchitis;

Stage 2 - MODERATE (4-10 years of exposure to noi€hest pain, definite mood
swings, back pain, fatigue, skin infections (fungadal, and parasitic), inflammation of
stomach lining, pain and blood in urine, conjunitisy allergies;

Stage 3 - SEVERE (> 10 years of exposure to noipsychiatric disturbances,
hemorrhages (nasal, digestive, conjunctive mucosajcose veins, hemorrhoids,
duodenal ulcers, spastic colitis, headaches, sgeare pain, intense muscular pain,
neurological disturbances.

percentage
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Figure 6: Percentage of the VAD symptoms occurrence accottditige prevalent type
of tractions (DT — Diesel Traction, ET — Electricattion)

Engine drivers are also prone to tinnitus — anlmazing, which is considered as a
condition rather than a disease, induced by, amsegeral other possible factors,
exposure to noise which damages hair cells inrtheriear. Auditory fatigue is defined
as a temporary loss of hearing after exposurertaiodevels of sound. This results in a
temporary shift of the auditory threshold knownTasnporary Threshold ShifffTS)
Short exposure to noise of about 80 dB SPL regultgie-minute long TTS. TTS of 8
hours is a result of sufficiently long exposurentise and can be physiological fatigue
with appearance of tinnitus in the beginning, windeovery takes about 16 hours. TTS
of longer duration is a pathological fatigue, aadavery is somewhat linear by few dBs
per day. The damage can become permanent, withtimonknown as PTS (Permanent
Threshold Shift), if sufficient recovery time is tnallowed before another high-level
noise exposure takes place. PTS is expected irsaxpdo noise levels higher than 145
dB SPL for one second, while cumulative exposurgéds than 2 years in environment
with noise levels higher than 90 dB SPL will resiit threshold shift of 20 dB.
Subjective sensation to this audible noise distucba according to working age and to
the prevalent type of tractions of engine drivees@esented at Figures 3 and 4.
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Figure 7. Percentage of the audible noise disturbancesatioalto the drivers working
age

Speech intelligibility is the percentage of speditét a listener can understand or the
clarity of a speaker's utterances. Working envirentrof the locomotive interior can be
congested with different kind of noise and soumarfitrain information systems which
can decrease speech intelligibility between englniger staff and it can result in
deterioration of driving safety.
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Figure 8. Percentage of the audible noise disturbancesatioalto the prevalent type
of tractions

According to Sumpor et al. [1], Diesel locomotive Subjectively the noisiest by the
average gradé, for results shown in Table 1. Average gradéor the intensity of

subjective disturbances far = 50 respondents is calculated according to fakgw

expression:

B:EDZn:o 1)

The respondents have assessed the subjectivebdistgr with grades from 1 to 4, grade
1 being equivalent of the maximum intensity of sdijve disturbance.
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Table 1: Ergo-assessment of the working ambient of thertattve cab for three load

factors
o for subjective experience of disturbance in respotsl
Type of locomotive o] electric-motor electrical Diesel Diesel motor
motor compositionf composition locomotive | locomotive | composition
Traffic flow for sake of only freight or freight or only

transport]  passengers | passengers| passengers| passengers

Sample of responden{s 31 50 31 50 31 50 31 50
visibility 35 35 25| 2.7 10| 1.0 | 3.0 2,7
intensity of
severity of 35 3.4 25| 2.7 12| 1.2 | 28 2,7
operation| 0
intensity of
audible noise 3.6 3.7 25| 2.6 11| 11 | 28 2,6
disturbance|
¥6/3] 353 | 353 | 2.50| 2.67| 1.10f 1.10| 2.87 | 2.67

Source: Sumpor et al. 2010 [1]

Except for train noise in general, many kinds dfedent sources producing occasional
sounds also exists while driving. Some of themralated to train security systems such
as “dead-man” function, AS (Auto Stop device) toleeomotive horn or door signal,
while the others are related to the specific ofiggammode such as sound of brakes’
squealing, compressor operation or compressor dimgaThe subjective assessment of
the respondents to disturbance caused by such s@ipctesented in Fig. 5.
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Figure 9: Percentage of the occasional noise source distoelsaaccording to the
prevalent type of tractions

3. DISCUSSION AND CONCLUSION

In this investigation on a randomly chosen sampl82male engine drivers from the
Republic of Croatia, no firm evidence of respondestibjective ratings to the auditory
effect of noise; TTS and tinnitus, as well as syonp of vibroacoustic disease, in
relation to exposure time defined by the working &g respondents has been found.
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Although the increase of working age reduces thebear of respondents with mild
stage and moderate stage VAD symptoms and increéhsesumbers of respondents
with severe stage VAD symptoms (Fig. 1), much mespondents with severe stage
VAD symptoms in all observed age groups have be&peaed. There are no noticeable
differences in subjective disturbances of engingeds according to classification in
groups of prevalent type of tractions (Fig. 2). Hwer, this study has demonstrated
increased percentage occurrence of subjectiverbéstoes (TTS, tinnitus) and reduced
speech intelligibility from cognitive perception @ngine drivers that drive Diesel
locomotives, Diesel motor compositions and Dieseinting locomotives, in relation to
electric—-locomotive and electric—-motor compositinivers. It is also evident that all
three types of disturbances are the most commaheroldest group of respondents
(Fig. 3), as well as at Diesel-type engine driygrig. 4) These new results, compared
with the results of previous research which hasatetnated that the Diesel locomotive
was subjectively the noisiest from cognitive peta®pof engine drivers, indicate the
need for interior noise assessment of Diesel lodmmonhile driving, in relation to
another type of locomotive or motor composition. Bedter understand the influence of
occasional noise sources while driving, their spgotmust be also investigated in the
further research. To come to firm conclusion regaydrelationships between
percentage occurrence of some researched factodisbtfrbance and the type of
locomotive or motor composition, it would be neeggsto significantly increase the
number of randomly selected engine drivers and mtakie thorough audiological
survey.
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Abstract

In order to keep lifting task execution most effecand safe, lifting execution should be
properly evaluated and designed. Biomechanical ysisl protocol is used for the
purpose of identifying posture geometry deviatiosignal stability and lifting task
settings. Consequent lifting attempts have beeffopeed in iterative procedure of
relevant biomechanical variables monitoring usedtiggest immediate corrections on
lifting task execution, in order to prevent riskdumbar spine injury. Analysis of lifting
task posture and estimated spinal stability canebgployed with objective to detect
injury risks and provide immediate correction dfitig task implementation, which is
considered as preventive.

Keywords: posture geometry, safe lifting, optimal liftindtifig task correction

1. INTRODUCTION

Studies have been focusing on specific objectiveexplain and understood spinal
mechanisms and response to different cases that been studied, as well as spinal
stability. These studies have in common the ohjedid reach complete and thorough
understanding on how spinal mechanism reacts, kibtdiverse approach. Some have
been focusing on spinal stability-7], understanding of lumbar spine mechanj&y,

5, 7- 10, estimating 11, 13 and determination of spinal loads during variocivéies
[13-2Q, or even spinal structural behavior in moti@1-23. Recommendations from
extensive exploration of spine and its mechanismes faundation for ergonomic
purposes, where achieved knowledge and understaiedirmpact on spine caused by
external conditions plays important role in lumbpine health preservation.
Movements in material handling tasks are not prapsther symmetrical, therefore,
main objective should be addressed to determinafiaptimal lifting task execution, in
order to avoid conditions and circumstances thad léo nerves irritation, spinal
segments and ligament or muscle tissue damage.objettive may provide feedback
on risky inter spinal movements and deformatiossaaonsequence of external load
reduced on spinal segments and structures. Insteagtensive literature overview on
spine performance and injury etiology, our objexito explore spinal load changes as
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consequences of the way the worker handles thecargrder to reach a conclusion
which lifting technique is most appropriate forigaed task, for every single worker.
Focus of this paper is addressed at estimation ptfmal lifting task execution
parameters that can minimize lumbar spine injusksicaused by irregularities in
diverse lifting task conditions and circumstandagthermore, every worker should use
obtained guidelines to correct and improve his naahandling skills with objective to
minimize lumbar spine risks, with perhaps highde&fveness.

2. METHODS
2.1. Experimental design overview

The in vivo experiment will be described briefly, data was collected during lifting
task execution attempts for healthy, asymptomatdeni23 yr., 1.7 m, and 75 kg), in
further text simply Subject.

Trial consists of consecutive attempts of liftitng tempty box (50cm high, 40cm wide
and 50cm long) without any kind of handles, frora floor back to starting position,
defined as standing upright. Box is intentionakt lempty with objective to explore
lifting technique consequences on spinal postucklaad changes, but the box size is
selected so it can become an obstacle to the pildpeg execution. It should be
mentioned that experimental data acquisition restns influenced the choice of
smaller box size than intended to be used, sineeetls known problem with markers
disappearance in most MOCAP acquisitions. Pridifting task execution, subject was
instructed onlifting objective in order to enable collecting cdmparable results, with
intent to adjust lifting technique according to eh&d changes.

In first attempt Subject has to perform the taskrggneously, while in any following
attempt Subject should follow instructions givert@ding to biomechanical analysis
results.

Protocol for biomechanical analysis was designeBT$ Smart Analyzer software in
order to enable appropriate biomechanical analykisionitored variables as well as
recommendations based on obtained results.

2.2. Evaluation criteria

As literature overview indicates, several possifrliéeria can be selected in order to
estimate spinal injury risks, but as most comprehenauthors have identified spinal
stability. Although the consensus on lumbar spiadibty definition is not presentl],
authors consider it as fine-tuned neuromusculaesygoordination of the lumbar spine
mechanism, provoked by posture and load parameterstder 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 can indicate that stability of lumbspine is compromised, revealing
potential to injury. Magnitude of applied load isnsidered to be inside recommended
margins, thus this notion does not certify thatiipjrisks are not present.

Biomechanical analysis protocol allows that 3D maoteeand forces can be estimated,
but available data acquisition procedure lacksaaking of detailed and fine geometry
changes for closely positioned markers, needeceterchine exact change for each of
lumbar spine segments, as important fag@it-23. 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 BT® BElistem (Italy) at 100 Hz, with
passive reflective markers used and placed on stubgly as shown on Fig. 1, which
represents simplified wireframe model of passivilective markers layout positioned
on specific anatomical places, with an explanatibabbreviations on the right side.

c1 c1 first cervical vertebrae
c7 Cc7 seventh cervical vertebrae
RS right shoulder
RS Ls LS left shoulder
Thé Thé sixth thoracic vertebra

Th12 twelfth thoracic vertebra
L3 third lumbar vertebra

Th12 L5 fifth lumbar vertebra
L3 S3 third sacral vertebra
RSIPS LSIPS RSIPS right spina iliaca posterior superior
L 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 lgyo

After the first lifting attempt was performed anelavant data have been acquired,
protocol for biomechanical analysis was designeBTi® Smart Analyzer software, in

order to enable appropriate lifting technique ccticm and improvement through

appropriate biomechanical analysis. Designed pobtoansists of vectors of 3D forces

and torques for each marker position. In any ottmrsequent trial designed protocol
was employed to obtain required results overview.

3. RESULTS

Data acquisition has been successfully completeddweeral consecutive trials, starting
with initial one as starting point. As describedliea, after the data acquisition, data
processing through analysis protocol in BTS Smawdlbpzer enabled changes overview
of lumbar spine moment at L5/S1, which is showrFig.2 for first, initial trial while
Fig.3 represents results of best performed tritdrageveral steps of corrections. Of
course, even the best moment curve is not theadbssiutely, since the box size and its
geometry caused difficulties in handling task, blespite, it can be improved even
more.

Results of lumbar spine moment's changes preseimefig.2 and Fig.3 are time
dependent, which enables opportunity to directigkrand compare changes according
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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 etedlwith extension activity of spine
while negative corresponds to flexion, where zaeatue is identified as neutral position
of spine segments during upright standing.

20

Moment L5/S1, Nm
=

time, s
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Figure 3: Time dependent lumbar spine moment at L5/S1 graphdst trial

In comparison on presented results one should ftegt@n to several key differences.
As first one is higher magnitude of lumbar momenextension phases while lower in
flexion in Fig.3 comparing to Fig.2. This is considd as improvement since this means
that extension contraction is improved in ordestabilize spinal segments making it
stiffer, so the oscillations have smaller amplitsideut still not perfect and consistent.
Lower flexion moment magnitude although unstabléhvglenty of small oscillations,
means that low back was not so flexed, or evidelghs than at first, but can be
improved from stability point of view. It should bemembered however that box size
and its geometry is limiting factor to optimal iify circumstances. The second
important improvement is less steep curve in extensith box to upright position,
which is recommended7, 1§. Observed small oscillations of moment in Fig.8 ba
explained and caused by accumulated fatigue deongecutive trials.
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4. CONCLUSION

This paper presents direct procedure for liftinghtéque improvement by utilization of
lumbar spine stability criteria as most comprehesmsiin order to prevent injury

interpreted through changes of lumbar spine monrerdagittal plane. As a result,

recommended lifting posture and task executionmatars may arise from iteration of
analyzed lifting trials, which can be applied d8rlg task skills correction procedure.
Mentioned iteration of assigned lifting executioms, material handling in general,
implies that personal abilities and skills togetivth external loads provoke individual

spine response which should be optimized. Duriagatton of lifting executions which

is monitored by motion capture system that cangeize changes in spine geometry
and kinematic data, obtained values for monitoradables can indicate favorable
lifting parameters. This is important since thisogld affect lifting posture and

technique, without very thorough biomechanical niiode
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Abstract

Many studies have been published about spinal lgadimg various work activities, but few of
them have looked at the knee joint loads. Thisysfwrdposes a method of assessment of knee
joint load, which allows a rapid estimation of theeknjoint loads. A measurement of ground
reaction forces and a recording of trajectorieschfiracteristic points on the knee joint have been
performed while walking on a flat surface and durbtgir descent, using the BTS-Elite system
and Kistler force platform. 3D coordinates of therkel points, 3D components of ground
reaction forces, and coordinates of their respexfwints of application have been the input data
for calculating the knee joint centre, the loadshie medial and lateral compartments of the knee
joint, the ligament loads and the total knee load.

Keywords: knee joint load, walking, stair descent

1. INTRODUCTION

During work activities, people take various bodysfuoes and move in different ways.
The human gait is the simplest and the commonestment, yet many studies have
been published about gait analyfis 2, 3. These studies used the Davis protocol,
which requires 22 reflective markers attached boman body, and an inverse dynamic
approach to the estimation of forces in human $oint

Since many people suffer from knee damage and ghaimg walking at work, this
study aimed at reaching a better understandingeoéffect of walking on the knee joint
load. A practical method of knee joint load assesgmwhich requires only four
reflective markers attached on a human body, has peposed.

2. METHODS

The methods of gait analysis presented in previapers 4] have been adapted and
used for the assessment of knee joint forces. Timpoged method provides an
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assessment of knee joint forces in frontal andtsdgilanes only when the foot and the
force plate are in contact (stance phase). Fosdke of simplification, the influence of

acceleration during normal speed walking was négted-our reflective markers were
attached to the characteristic points on the rembidg: two markers on the lateral and
medial side of the knee and two markers on thedbhtnd medial side of the ankle

joint. Recordings of marker trajectories were parfed during walking on a flat surface

and during stair descent, using the BTS Elite systath eight CCD cameras. The

height of each stair was 12 cm. The reference ¢oate system was fixed with respect
to the laboratory. The x axis of the reference esystoincides with the direction of

progression and the y axis is the vertical axise @ertex of the rectangular Kistler plate
was the origin of the coordinate system. The growadtion forces and the location of
points of force application were measured usingkistier force plate. The centres of
knee and ankle joints were calculated using 3D dioates of markers located on the
lateral and medial side of the joints. The metha@s wmtended to provide an analysis of
knee joint forces in the sagittal plane (Oxy plaaeyl in the frontal plane (Oyz plane).
Figure 1 shows a simplified representation of tineek joint centre, ground reaction
forces and their point of application in the frdretad sagittal plane.

v A v A N
Centre of knee joint »Centre of knee joint
e ' 2
Sl IS
F, F
- e e
z Zi O 0 X; S
g% p— 1%

Figure 1: Knee joint centre, ground reaction forces and theint
of application in frontal (Oyz) and sagittal plai@xy)

According to Figure 1, the momelit, in the sagittal plane was calculated as:

Mz:Fyl:(px_Xi)+Fx[yi (1)
where x; is the coordinate of knee joint centre in the nmest direction,y; is the
coordinate of knee joint centre in the verticakdtion, F, andF, are ground reaction
forces inx and y direction, ang, is the x coordinate of the point of force applicat
The muscle force of quadriceps and gastrocnerfiyisdepends uporM, and the
bicondylar knee widthv, and was calculated according to the literafdfe

F Mz itm. <0 )
= i
™ loeow| ¢
M, |
F, = ifM, >0 3)
318w,

The knee joint load (articular load) was calculaded
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Fs=F, +F,
whereF, is the vertical component of the ground reactiorcé. The momeritl, in the
frontal plane was calculated as:

Mx:_FzEyi_Fprz_zi) (4)
where z is the coordinate of the knee joint centre in ¢kemsal directiony; is the
coordinate of the knee joint centre in the vertitia¢ction,F, represents the transversal
components of ground reaction force fidirection) andp, is thez coordinate of the
point of force application.

In the frontal knee plane, the articular Id&aglthe ligament loads and the muscle forces
are in balance during walking. The articular I¢ads divided into vertical loads,,, and

F, which act in the medial and lateral compartmeiitdie joint. These compartmental
loads are taken to act at distandd from the midline of the knee (Figure 2). Coltale
ligament load$=.,, andF are incorporated for stability, when the momihtreduces
the load in either compartment to zero.

patella

knee ca
( P) articular

|
lateral - dhiaand
collateral
ligaments

Ci
lateral—

meniscus meniscus

7L medial
collateral
ligaments

Figure 2: Knee in frontal plane

In the frontal plane of the knee, the momiitand the articular loaBs may be written
as:

_ w w
M, =-Fq BZ‘LFM BZ (5)
Fs =Fm *Fy ©
The equations (5) and (6) represent a system of @quations with two unknown
values:F, andF,. If either compartment load is found to be lesantlzero, then the
adjacent collateral ligament is considered to takéoad sufficient to maintain the
integrity of the joint, and the negative load isatto zero, i.e.:

W W

if F,, <0,thenF, =0andM,k =F -F, (7)
4 2

. W W

if F, <0,thenF, = 0andM, =-F_ G-+F, G- (8)
4 2

whereF.,, andF are medial and lateral collateral ligament loads.
In either case the knee joint load could be catedlas:
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Fs = I:y + I:m + l:cI or ch (9)

3. RESULTS

The method was performed on one female particifrant 62.25 kgh = 172 cmw =11
cm) during walking on a flat surface and duringrstiescen{5]. During stair descent,
the Kistler plate was placed on the lowest stdlire Tecorded data were processed and
the walking trials with no contact of the entirefavith the force plate were rejected.
Ground reaction forces were normalized with theybaeight ¢/G). Figure 3 and 4
show trajectories of the knee joint centre and gdoreaction forces as a function of the
duration of foot-plate contact.
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Figure 3: Flat surface walking x, y and z coordinates of knee joint centre during
contact of foot with the force plate, and normalisey andz components of ground
reaction force as a function of duration of foctpl contact
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Figure 4: Stair descent %, y andz coordinates of knee joint centre during contact of
foot with the force plate, and normaliseds andz components of ground reaction force
as a function of duration of foot-plate contact

214



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

The load sharing between the medial and laterapeotments was computed using the
equations (5) and (6). Collateral ligament loadnisorporated for stability when the
momentM, reduces the load in either compartment to zero.

Figures 5 and 6 represent computed normalised oncethe medial and lateral
compartments of the joint, normalised collaterghinent load calculated according to
equations (7) and (8), and the total knee loadnducbntact of the foot with the force
plate determined from equation (9).
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Figure 5: Flat surface walking — normalized forces in thedmk and lateral
compartments of the joint, normalised collaterghinent load and normalised total
knee load as a function of duration of foot-platetact
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Figure 6: Stair descent — normalized forces in the medidl lateral compartments of
the joint, normalised collateral ligament load amormalised total knee load as a
function of duration of foot-plate contact

215



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

3. CONCLUSION

A method which allows a rapid estimation of thetrilisition of load in the knee joint
has been presented. The benefits of the propos#tbdhare the simplicity of use and
rapidly obtainable results, which makes it suitdbleergonomic practice.

The method has been applied for knee joint loadyaisaduring flat surface walking
and stair descent. One female subject participatede research. The calculated knee
joint loads during walking on a flat surface acleidva maximum value of 2.5 times
body weight. Taking into account walking on a #atface and stair descent, the curves
for knee joint load show a change in shape andiamdpl The maximum value of knee
load during stair descent is 3.4 times body weidht.the case of walking with
symmetrically distributed weight in both hands, theves for vertical ground reaction
force change in amplitudgs], and the next study should involve an estimatibthe
load in the knee joint during walking with weightlhoth hands.
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Abstract

The authors present the current state of ergonomicempanies in Slovakia in the context of EU
legislation. They point to the lack of evaluatiohtloe impact of work and lack of ergonomics
programs in Slovakia. The article also compares dpean and American model approach
to ergonomics work. The authors highlight the intaoce of primary, secondary and tertiary
prevention as an essential tool to eliminate musskedletal disorder (MSDs) at work. The
findings are supported by the results of researohttte incidence of MSDs and work-related
diseases.

Keywords: ergonomics, prevention, ergonomic programs, effettgork factors, risks

1. INTRODUCTION

The aim of ergonomics is health care, specificalysical, mental and social well-
being of man, the creation of conditions for opfitmaman activity, as well as creates a
sense of comfort in the workplace. The use of ewgto principles in practice
contributes to creating well-being, the humanizatib work and at the same time it also
brings economic effect. In addition to these fagttine use of ergonomic principles has
a positive impact on economic indicators. Thesedarectly affected by reducing the
cost for absence of work, accident, increasing quatdnce and hence productivity
growth. This is confirmed by the official definitioof ergonomics formulated IEA in
San Diego (2000).

2. ERGONOMICS AND PREVENTIVE MEDICINE IN SLOVAK
ENTERPRISES

In the period after 1989 in ergonomics and preventiedicine made some mistakes in
Slovakia. The biggest mistake was the abolitiordoftors working under the guise
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of free choice of doctor in companies in Slovakidis change has many problems
passed on specialists of safety and health manadewigo were not and are not
professionally trained for it. Currently, some canjes are starting to set up in-house
clinic. [1]

Another mistake is that ergonomics is disappeafiog legislative materials. Policy
decisions create a great amount of revisions thatpticate the situation to ensure the
prevention of work-related illnesses. [1, 2]

A major drawback of the European legislation i tiw@re is no emphasis on the fact
that the work and working conditions must not daentige health of the employeeor
example, in the U.S. this is true, that if the emypk confirms the injury or occupational
disease under the Disability Act, company must adesly compensate the employee.
The company must then learn what harm his healhll Sectify the negative factors
and to create conditions so that the employee eanrr to their workplace and the
collective to which he was accustomed. [1, 3]

Based on research conducted by the anthropologiét Igatiar with his team has been
partially mapped and compared the incidence of Migskeletal System (MSD) and
their intensity in selected EU countries and Slaaakt turned out that there is no
significant difference by employees without diffigu MSD between Slovakia and
European samples of employees. Samples are saltistsignificantly different in the

incidence of milder difficulties MSD. Most employeén the sample of European
companies have a doctor if they feel easy difficdticalized in MSD. Conversely
employees of Slovakia samples courage to see ardoaly when the intensity reaches
a degree of difficulty that do not take counter mas painkillers. [2]

The reason is that in Slovakia, we focus primaoly the protection of business,
businessmen and employers who are willing to acoelyt valid legislation and exploit
high unemployment in Slovakia. A system of rewamistivates employees to the less
visited a doctor. Employee released because ibienough to meet the performance
standards, the reason is not that got ill at wbdmanding performance standards meet
the health employees after job training. Healthbprms but do not allow it. I
employee gets into so called social networks.

This situation is consequence of that the compartyfatus on preventive ergonomic
programs. Businessmen focus on profits and aringitb accept ergonomics programs
only after verifying that they really bring prof[6]

3. IMPACT OF WORK AND WORKING CONDITIONS FOR
HEALTH EMPLOYEES

Impact of factors of work and working conditionsr fonan at work is often
underestimated. It is often claimed that the paars make people feel at work not only
because of the impact factors of work and workimgditions, but also for other
reasons. [1]
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Table 1 Evidence of a causal relationship between faabhysical work and
diseases MSD (Source Hatiar, 2012)

BODY PART (syndrome)
Risk factor

Strong
evidences

Evidence

q

Insufficient
evidences

Evidences of
inaction

Neck

REPETITION

Power

< |<

Location

VIBRATION

Shoulder girdle

REPETITION

Power

Location

VIBRATION

Elbow

REPETITION

Power

Location

COMBINATION OF FACTORS

Wrist and hand

Carpal tunnel syndrome

Repetition

Power

Location

Vibration

Combination of factors

Tendovaginitis

Repetition

Power

Location

Combination of factors

Hand-armvibration syndrome

Vibration

Lumbosacral region of the spine

Lifting and sudden movementg

Unsuitable working position

Heavy physical work

Whole body vibration

Static working position
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Table 1 shows the results of an epidemiologicabssnent of 25 years of research
carried out at the workplace, which focused onitieédence of difficulties and work-
related diseases that have a negative impact oreffféency and quality of labor.
It would be good if those facts applied in Europdegislation in the field of
ergonomics, safety and health at work. [1, 5]

Strong evidences The evidences are strong when considered on #s#s bof
epidemiological criteria of causality appears toabeausal relationship between intense
or prolonged exposure to a specific risk factofactors and disease MSS as very likely.
The positive relationship between exposure to @ipaisk factor and disease MSS
there could be observed at least in some studiesrevmandomness, bias and
confounders factors could be excluded with reasenadrtainty

Evidences.The evidence can be said, when some favorablemidbgical evidences
show a causal relationship between intense or pgeld exposure to a specific risk
factor or factors and disease MSS. There was obdex\positive relationship between
exposure to a specific risk factor and disease MS3udies in which, randomness, bias
and confounding factors are not a likely explanat[d, 2]

Insufficient evidences.The evidences are called insufficient, when thameetoo little
available, not consistent and statistically siguifit studies not in sufficient quality that
would allow conclusions on the presence or absericeausal relationships. Some
studies suggest a relationship to specific riskofi@; which may be explained by
randomness, bias or confounding factors (confowg)der

Evidences of inaction.We can talk about the evidences of inaction whengstudies
consistently show that a specific risk factor @ctbrs) in the workplace is not related to
the occurrence of disease MSS. [1, 2]

The risk of work-related diseases can be reduagherctively, eliminated only when
the all aspects of primary, secondary and tertjgmgvention are consistently and
systematically applied in the practice. Suitablgoaomic intervention of against risk
factors is considered to be effective in the préeerof these diseases. [1, 3]

Primary prevention characterize risks to healtlwofkers through technical measures
ensures their elimination. Tertiary prevention easweliminating of the risk of further
damage to the body after adequate rehabilitatimm,modification and interference in
the work process. This creates the opportunitytferemployee's return to work and do
the same team, which was accustomed to. Primaryeptien measures create
conditions for preventing microtrauma, injuries anther disabilities, particularly
musculoskeletal system. Secondary prevention messiiminate risks outside their
own working process during the absence of work ahnTertiary prevention measures
to restore the function of the affected workload aongestion and recovered the man
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as a worker. Means of primary and tertiary prewntiave the same goal. Ensuring the
health of the individual in the work process imterof complexity it is necessary to talk
about the secondary prevention that is essentialleast because the methodology and
techniques of tertiary prevention are linked taageanic phase of secondary prevention.
Primary prevention characterizes risks to healthwofkers and through technical
measures and ensures for their elimination.

4. CONCLUSION

Slovak Republic has processed legislation thataisnbnized with the EU legislation.

This legislation provides the basis for designimgatrtment in companies and solution
of machinery and equipment. There are not enougkigions for the application of

systematic approaches. The guidelines ensure exfligi of human labor through

ergonomics programs for long term maintenance gbmomics, safety and health of
employees. Our research is focused on the produptiactices that systematically aid
in the creation of new ergonomic work systems. Wace emphasis on ensuring
employee health and increase productivity for camgm Maintaining good human

health, increasing humanization of work and labadpctivity can only be achieved

with complex solutions in the field of ergonomi{@]
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Abstract

The authors are describing the application of stempic records in the industrial engineering
discipline. The main focus is to identify the ptitdrfor stereoscopic recordings in the field of
industrial engineering. Specifically, this focusrighe evaluation process operator workload with
the ergonomic analysis. In the first part of thdide, the authors are describing the basic
process in making stereoscopic records. In thersg@art, the authors are describing the results
of the application of stereoscopic video in thelea@on of operator workload. Stereoscopic
video was used as the main source of informatidheérpreparation of analyzes. The result of the
survey was the description of the potential benefitgereoscopic video in industrial ergonomics.

Keywords: ergonomics, stereoscope, productivity, RULA, REBA

1. INTRODUCTION

This article is summarizing the parts of the resutir the research: ,Creating of
stereoscopic records in industrial engineering‘wéts realized by the Department of
Industrial Engineering, Mechanical Faculty, Univsrsof Zilina. The research is
devoted to a comprehensive analysis of the pogibiland potential of creating
stereoscopic records in the industrial engineedisgipline. This article describes one
of the identified applications, which is ergonomithe article describes specifically the
process of evaluation of work by ergonomic analygigicle briefly describes the
process of stereoscopic records and approachefigttadvantages and disadvantages
of its application in industrial practice, whichasaluated in the end of the article.
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2. PRACTICAL APPLICATIONS OF STEREOSCOPY IN THE
ERGONOMICS

Verify the practical applicability of stereoscopy @ support tool in the development of
ergonomic analysis was carried out in collaboratith SES 0.z. (Slovak Ergonomic
Association). Videos were created in areas of ZI(dHina Intelligent Manufacturing
System), which is a common workplace of CEIT, arsd University of Zilina. It is
established to support the creation of innovatiwdutions. For the purpose of
experimental verification was created scenario rahassembly coupling fork. Figurant
after a short training period carried out the iltaton of the coupling fork. This
assembly was recorded using an own developed stargic camera system (Figure 1).

Figure 1: Stereoscopic camera system (source: authors)

From the generated stereoscopic video, 12 ergonanatyses were processed next [1].
The following methods were used for the analysisphbfsical activity in cyclical
repetition of activities:

« RULA

« REBA

e STRAIN INDEX

« CTD RISK INDEX

Figure 2: Preview of stereoscopic record (source: authors)

Evaluation of parameters for the working processugh ergonomic analyzes were
processed in order to confirm of refute the possii@nefits of stereoscopic imaging in
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the process of ergonomic analysis. Display previgvstereoscopic screen is shown in
figure (Figure 2).

2.1. Procedure for creating a stereoscopic recordin

Creating of stereoscopic recording in industriahdiions should be conducted in the
following four steps (Figure 3):

1. Choosing the appropriate position for the creation of stereoscopic
recording.
By selecting a suitable position for the camerdahémost important criteria a
recorded space, given the need for a detailed sigabf the workplace. It
needs to be recorded complete work operations wueideration, with all its
elements. It is also necessary that the recordlglessible all the operations
staff with a direct view of the hand movements.

2. Settings the parameters of the camera system.
Setting options of developed camera system is tbestrin detail in the
research work. Some aspects of the procedurestiemrepreviously published
[2], [5], [6]- In case of a commercially of this @ilable camera system is
necessary to follow the instructions for use.

3. Creating a record.
If a record is creating, is important that thers baen at least one complete
cycle of analyzed operations. To better assess lcammap workflow workers is
appropriate if these cycles is recorded more.

4. Processing and editing the record.
Treatment process consists in cutting the recorésdlts. It is necessary to
record the whole process, from beginning to endhi step is also performed
stereoscopic video synchronization.

Settings the .
; Processing and
parameters of the Creating a record. e
editing the record.
camera system.
l | G |
2.nd step 3.rd step 4.th step

v v |
Figure 3: Procedure for creating a stereoscopic record ¢go@authors)

2.2. Disadvantages of stereoscopic applicationséngonomics

Creating of stereoscopic record requires, at fight, a large time commitment. It is

true, that the creation of stereoscopic video igartome consuming than creating a
classic movie. However, the time differences aralbrifhe average time duration of

each step of stereoscopic (Table 1) is determiraestéd on the author’s experience of
research.
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The need of time for creating a 3D record is conmgato creating 2D record 20 %
higher. It is only 7 minutes, in minute terms hoaevl hese seven minutes arises in two
steps.

Table 1: Comparison of classical labor content and sterqosaddeo (source: authors)

The need of time for steps
Steps in the process of stereoscopic Creating 2D Creating 3D
record record
Choosing the appropriate position for the 3 min 3 min
camera
Setting the parameters of the camera . .
0 min 2 min
system
Creating a record 15 min 15 min
Processing and editing record 15 min 20 min
> 33 min 40 min
> 100 % 120 %

The first step, with a higher time demands, theapeter settings a camera system that
records exercised in 2D. With the use of a helguwation file, this step takes an
average of only two minutes. These two minutesatse the only extension of the time
spent for recording work. Total time spent at wisrk very important factor with regard
to minimizing disruption of normal work activity epators.

The second step, with more time-intensive, is pssiog and cutting the movie. In this
step a video clip is processed and edited so tieatibalyzed operation recorded in its
entirety. This step also performs synchronizatibthe two images. The first record is
completely analyzed and the selected time passelgiel record the project as a whole,
the second entry is already selected by only tietit®d. By using specialized software
for processing stereoscopic video this time diffiereis even smaller.

2.3. Benefits of stereoscopic applications in ergomics

A slight increase in time consumption is offsetthg creation of ergonomic analysis of
the recorded work. Time compensation is generatedniproving the ergonomic
analysis of work in spatial vision analyzed workga Direct spatial vision of the
workplace allows an increase in productivity of wan the assessment of workplace
ergonomic parameters in the following activities:

1. Analysis of potential risk activities and movements
When is analyzing the work, the ergonomist doesréate an analysis on all
movements and operations of operator in the wodepl@hat would in fact be
very time consuming and inefficient. Ergonomistdzhen his knowledge and
experience needed to quickly identify potentiallyskr activities and
movements, which subsequently analyzed in detghti8l vision of the
operation eliminates the need for ergonomics aradisgdpimagination allows
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him to quickly and efficiently identify potentiallyisk movements and
activities.

2. Detailed analysis of selected activities and movemts.
After selecting of potentially risk movements anctiaties, it followed by
their detailed analysis. Detailed analysis of eactivity requires information
about the spatial orientation of the worker durithg analyzed situations.
Spatial reproduction of the record of the actigtigf an appropriate support
tool that provides ergonomics information neces$aryast and high — quality
construction of the necessary analyzes.

2.4. Evaluation

Practical design analysis support for stereoscemeo confirmed the potential of
stereoscopic imaging as an advanced instrumentinfdustrial engineer. The third
dimension of the display device has brought a betiéentation in the spatial
arrangement of the workplace. [3], [4], [7] If weeacreating ergonomic analyzes in
support of classic movies are the biggest requintsnéor spatial imagination of the
observer video. Spatial reproduction movie esthbisan observer semblance direct
presence in the workplace and real observation evotkeliminates the need for spatial
imagination of the observer, and creates more sfomdirect focus on specialist factual
analysis considered the workplace. Stereoscopogictreates a support for improving
ergonomics following activities:

e creating a load analysis,

e creating a time and motion analysis,

» identification of ergonomic problems in the workgga

e analysis of compliance workflow.

The need to reduce consumption of time requirednialyze the current state can be
regarded as a very frequent practice requiremgnfa& analyzing is important to keep

a detail, precision and quality of the analysighaf current state. The need to improve
the speed and precision are simultaneously achiggerequirements when creating

analyzes. And that 3D imaging device generates\@oessary support for fast creation
of analysis while promoting quality and precision.

3. CONCLUSION
In conclusion the surround recording and reprodactirings the necessary value added
in the process of ergonomic analyzes generatedéynbvie. Adding a third dimension

to an observer compensates the greatest shortatpgessic movies, which is poor spatial
orientation.
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Abstract

The purpose of this paper is to emphasize the taelph as an irreplaceable instrument for

tracking the operations of the driver in commerciedrgo and passenger road transport. The
main point of this research is to explain the irogtions of the tachograph as an instrument
which tracks work load of professional drivers andtla@ same time eases the tracking of the
drivers driving technique and also has high pota&riti prevention of road accidents.

Keywords: tachograph, road transport safety, duration ofilete operation

1. INTRODUCTION

The application of tachographs in road motor velsiclhas multiple positive
implications. The tachograph allows tracking of tiever in relation to several different
criteria: duration of vehicle operation, distanspeed, value and frequency of slowing
down and speeding up and resting time. It is atfaat continuous operation of a motor
vehicle without rest causes the driver to tire lrsg concentration which could result in
severe consequences for everyone in the traffitesys The duration of vehicle
operation until traffic conflict has been reseacthy Rajsman on the example of the
bus driver, which showed that the sixth hour watscat in showing a greater amount of
traffic accidents in which the fault lies in theivdr. [1] Jeki¢, MiloSevi, Raffle,
Separou and other recognized domestic and foreign exparts scientists have also
contributed to the connection between fatigue atd imfluence on the drivers
capabilities in their research papers. [2, 3, 46bKroemer and Grandjean cite the
following scientifically determined facts: the dlg@ss and attention of cargo drivers
begins to significantly fall after 4 hours of contbus driving so the risk of accidents
increases, in bus drivers, first signs of reducéitiency occur after 4 hours of
continuous driving, which becomes dramatic after 8 hours of continuous driving.

[7]
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2. TACHOGRAPH

A tachograph is an instrument that primarily recaepmbed and distance. The term
tachograph also implies a surveillance instrumehickv also tracks time spent in
performing professional activities which are natihg, like rest. There are two types
of tachgraphs:

« analog tachograph the information of work activities, speed andtalige is
recorded onto so called tachopapers - patterndrofilar shape which the
driver inserts into the tachograps (picture 1);

- digital tahograph, stores information onto digital smart cards, dneer can
buy his own digital identification card which hencase in driving.

Figure T:achograph paper - analog tachograph [8]
oBrce: http://hr.wikipedia.org/wiki/Tahograf

Since the year 2009 in Croatia, there is an obigato install tachographs into all
newly registered vehicles. In Croatian transporténg® percentage od analog
tachographs is still very high.

3. WORK HOURS AND MANDATORY REST PERIODS FOR
PROFESSIONAL DRIVERS AND ROAD TRAFFIC

The Law on work hours, mandatory rest periods ofileoworkers and tracking
instruments in road traffic states basic rulestémhograph use in recording the drivers
activities. The Law permits the use of analog arigital tachographs. Digital
tachograph is mandatory for all members of the geiam Union which has also been
undertaken by Croatia which has signed the agreeomerwork of the crew aboard
vehicles that conduct international road transpArticle 2 of the above stated Law
determines which transporters must have digitddidgraphs. All new vehicle with the
mass above 3,5 tons and busses that carry mor@tpassengers starting from January
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1% 2009 must have a digital tachograph. Croatia fissh non-member of EU that has
introduced digital tachographs. The biggest newthénwork hours surveillance system
of mobile workers is the introduction of personatizmemory card as a substitute for
the analog tachograph papers. The driver alsowegdhree other cards: transporter
card, supervisor card and workshop card. Everyessibnal driver has a personalized
card that contains all relevant data: work houistadce, rest periods. The data is also
recorded in the memory of the tachograph in theodesf one year. [9, 10]

The proscribed limitation in duration of vehicleavgtion and the shortest rest period of
the driver of the cargo vehicle above 3,5 tons bnslses is given in the table below
(table 1). The table also contain limitations adaog to Croatian, EU and AETR
standards.

Table 1 The proscribed limitation in duration of vehiclpesation and the shortest rest
period of the driver

CRO (hours) EU AETR

Drive duration

Continuous daily | 4,5h 4,5h 4,5h
9h 9h 9h
10h two| 10h two | 10h two

weekly times/week times/week times/week

two weeks 56h 56h -
90h 90h 90h

Drive interruption

After drive 4,5h 4,5h 4,5h

duration 45 min. 45 min. 45 min.

min. duration 15 min. 15 min. 15 min.

frequency off max. 2 times in max. 2 times in max. 3 times in

interruption 45h of drive| 45h of drive| 4,5h of drive
(15+30 min.) (15+30 min.)

Daily rest Regular: Regular: Regular:
11 h continuous in 11 h continuous in 11 h continuous i
24 h 24 h 24 h

1 driver 12hin24 hintwg 12 hin 24 h in two| 12 hin 24 h in two
parts, first 3 h| parts, first 3 h| parts, first 3 h
continuous and continuous and continuous and
second 9 h second 9 h second 9 h
continuous continuous continuous

2 or more drivers | 9h continuoug 9h continuous 9h continuous
every 30 h every 30 h every 30 h

In passenger transport the driver must not dringédo than 9 hours with the rest periods
of 45 minutes, and if there are two drivers thagytmust not drive longer than 20 hurs
without mandatory rest of 45 minutes of each drilreicargo transport, daily rest period
is at least 11 hours of continuous rest that casptieinto two parts of which the first

can be 3 hours long and the second 9 hours long@nwhere are two drivers, the only
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difference is that every 30 hours the drivers mheste continuous rest of at least 9
hours.

(9,14

4. CONCLUSION

The tracking of work hours of professional driversoad passenger and cargo transport
is very important above all for the safety of aliffic participants. The application of
tachographs is mandatory according to regulationistwallow tracking of work hours
of commercial motor vehicle crew, analysis of wéwkd of each individual driver and
application of rational driving techniques. The tidution of tachographs is not solely
tracking the work hours of the driver, obeying tlegulations in terms of work hours,
mandatory rest periods but also the possibilitprefvention of road traffic accidents.
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Abstract

Special fire risks are tunnels of great lengths weheterventions are difficult. Several disastrous
fires in tunnels in the last few years (Mount Blafiauern, Gothard) dramatically warned that
tunnels are extremely dangerous places on roadsaffic accident on a road does not need to
have casualties, but in a tunnel, especially whetoapanied by fire, can turn into a tragedy.
Therefore, in the tunnels particularly stringenefprotection measures must be applied.

Keywords: tunnels, fire danger, fire protection
1. INTRODUCTION

Today there is a huge traffic of cars, trucks,éraj tankers and other vehicles moving
on public roads, viaducts, bridges, tunnels and likee In such a traffic various
hazardous substances are transported, and unadgpsteds, defects or non-compliance
of traffic safety rules can cause great accidenlslIp such cases, fire or explosions,
spills of hazardous liquids, water or soi pollutiamd the like can occur. A tunnel is an
underground passageway, completely enclosed exXoemipenings for entrance and
exit, commonly at each end. It is used for the gpamtation or hydraulic purposes
(Figure 1).

Figure 1. The old tunnel (Motovun)

from the point of view of fire the attention is gab tunnels for road and rail traffic.In

history the first indications of tunnels are fouimdthe tombs of the Egyptians 2000
years before Christ and Namibian caves. In Jemsa@00 BC a 537 m long tunnel for
water was built. A 1000 m long tunnel on the islafidsamos in the 7th century BC is
also known. Nebuchadnezzar Il of Babylon, a Chaidelug beneath the Euphrates
River a 4.6 m wide and 900 m long passagel, andirgte1000 m long road tunnel was
built in Naples 36 years BC. In addition to theeally existing tunnels on the Al
motorway Zagreb-Split-Dubrovnik (20 tunnels) theatolength of 23,774 m, A2
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Zagreb-Macelj (6) 3511 m, A4 Zagreb-G@m (2) 1151 m, A6 Bosiljevo River (12)
10011 m, A7 Rupa-Rijeka (3) 896 m, A8 KanfanariRadatulji (3) 5262 m, Rijeka
bypass (5) 2354 m, as the total length of 36,948 roatia became a tunnel superpower
alongside the famous Alpine tunnels.

2. TUNNEL EQUIPMENT

To better clarify which fire protection measuresaifonger tunnel are necessary, one
should start from the technical characteristiceesal for each building, which apply to
safety in case of fire [4]. Therefore, buildingsshbe designed and constructed so that
in case of fire: load capacity is preserved overeti spread of fire and smoke in the
building is prevented, spread of fire to adjacaritdings is prevented, people can leave
the building unharmed, or their rescue is made iplesand and the protection of
rescuers [5]. Modern tunnels primarily on highwaste generally equipped with
sophisticated equipment that ensures the highest ¢ safety when driving and going
through the tunnel. Tunnel equipment is determibgdhe category of vulnerability,
which is defined in the Regulations on the clasatfon of buildings and building parts
and spaces in fire risk category.

2.1. Signaling

The tunnels are equipped with signs and road sigmsstant and variable managed
from the control centers (Figures 2, 3 and 4). Bation line on the tunnel lining is
drawn over the entire length of the tunnel on tide svhere there are the entrances for
pedestrians and passages for vehicles with a redn50ide line (Figure 5).

Sv. Rok
5670 m

Figure 2. Tunnel traffic sign Figure 3. Road construction sign

0
—

150m

Figure 4. Fire exit sign Figure 5. Evacuation line
2.2. Ventilation
Apparatuses for ventilation and infiltration of $ie air provide normal conditions of

traffic. The design of the ventilation system miagte into account three objectives:
- Dilution of pollutants inside the tunnel
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- Protection of the environment at the exit of thentel
- Control of fire and smoke.
The amount of fresh air which must be fed into timnel must dilute exhaust gases so
that toxic concentrations of CO are reduced tdithi and to dilute the smoke of diesel
engines and thus achieve the prescribed visibilityhe tunnel of a few hundred meters.
The required amount of fresh air for the dilutiontiee diesel engine smoke is much
greater than the amount of fresh air necessarthboexhaust gases of gasoline engines,
and in some countries where there are no restntfor the concentration of NGhe
amount of fresh air is even higher. Types of vatith systems:
- Natural ventilation is the result of meteorologieativity, and piston action of
the vehicle.
- Longitudinal ventilation uses jet fans or sometina@s injectors to create a
uniform flow of air along the tunnel (Figure 6. e 7.).

Figure 6. Longitudinal ventilation

Figure 7. Transverse ventilation

In semi transverse ventilation there is only onanctel through which the normal
operation feeds fresh air, and in case of fire Beomes sluice for smoke from the
tunnel. In order to control the spread of fire armdoke tunnels are divided into the
ventilation sections by making one or more vertglafts or exhaust gas channels.

2.3 Lighting

Entry and exit lighting of tunnels is most inter&ethe entrance to the tunnel pipe, and
gradually decreases to the specified level in timel, and gradually increases to the
exit of the tunnel where it is the most intenseg{Fé 8.). In this way, it helps the
adaptation of the eyes in the dark when enteriaguhnel and the light at the exit of the
tunnel. Along the entire length of the tunnel séguldighting (especially with
emergency and security cabins) is installed. Twlrettunnels are interconnected tubes
that serve as passageways for possible evacuatidnare secured with fire and smoke
protection doors (Figure 9).
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Figure 8. Lighting in the tunnel Figure 9. Evacuation routes
2.4.Video surveillance

The tunnels are equipped with video surveillancéraffic to detect potential failures
and their place in the tunnel by monitoring thevithg speed through the tunnel, and
devices for the timely detection and alarm aboetgpread of fire in tunnels.

2.5. Fire Alarm System

It must register a fire as soon as possible, mestbable and resistant to false alarms,
and possibly provide other information that maydbehelp to firefighters and rescue
services in the tunnel. The basic elements of adufire detection system does not
differ significantly from the system in a differefacility. Elements of the system
include: fire alarm control panel, manual fire afasystems, automatic fire alarm
systems, elements of the system to forward thesfgeal, elements of the management
a fire extinguishing system — supply.

2.6. Communication System

In tunnels with a control center it must be posstiol switch the radio broadcast channel
for the users of the tunnel in order to transmiesgancy messages. Evacuation routes
and other places in the tunnel where the tunnaisuse waiting for evacuation in an
open space are equipped with loudspeakers forgirgvinformation.

2.7.Hydrant network

For all tunnels a sufficient supply of water thrbug fire hydrant or in any other
appropriate manner must be ensured [3]. Hydrara#f bk placed near the portals on
the outside and inside of the tunnel, at a distahe¢ in new tunnel should not be
greater than 150m, and in existing tunnels no greidian 250m. The capacity of the
hydrant system must allow taking water at a rat&28f0 I/min. for a period of one hour.
If it is not possible to connect to the local wagapply, vertical tanks with a capacity of
80 nt should be installed. The equipment that is instaWith the hydrants in the tunnel
must allow extinguishing Class A and B fires witHemst two hydrants [9].

In addition to the above mentioned equipment thamni integral part of every tunnel, the
tunnel must have a control center and a fire begad
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3. BASIC CHARACTERISTICS OF TUNNEL FIRE

Fire is defined as uncontrolled burning which magd to personal injury, property
damage, and environmental impact. Burning can predwmbustion products, such as
heat, flame, smoke, soot, fumes, sparks, ash, ambeals etc. All these combustion
products have different hazardous properties tleat affect the environment. Fire itself
can also indirectly be the cause of new environaleatcidents. Hazardous substances
most commonly occurring after a fire and explosio@ combustion products as: carbon
monoxide (CO), carbon dioxide (G nitrogen oxides (NO, Ng), sulfur gases (58,
SO,), hydrogen chloride (HCI), hydrogen fluoride (HF)ydrogen bromide (HBr).
These harmful substances result from burning gisisind similar materials.

3.1. Fire fighting

Fires in tunnels require special tactics of firghfing because a number of specific
phenomena, risks and contingencies emerge. In tfieesse people are often killed,
which requires combined action, i.e. the activealzation and rescue personnel. In
these actions firefighters face obstacles, surprigetential risks, especially in terms of
heat that does not permit and denies access tiir¢hgite, specifically to burning cars.
Firefighters are exposed not only to gaseous agtkagive products of combustion, but
also to the risks of the consequences of thernfattsfon the building, the damage of
tunnel equipment, covering damage, as well as aelunollapse [1]. Carcinogenic
hazards from a variety of materials, especiallys¢thapplied to the insulation, are not
excluede. Extinguishing such fires is limited, takglace indoors, without free and
available communications required by firefightéPsor visibility or no visibility at all
occurs because panic lighting is unreliable arlatitngy is hardly feasible. With regard to
the type and quantity of combustible substancesadpetts in tunnel fires, we can say
that unlike the fire of those substances and objeatdoors, they do not belong to any
particular category or classification. Passenges,dauses, trucks or railroad cars and
other means of transportation and operation, haeeseame physical and chemical
properties, regardless of whether there is a fitel@ors or in a tunnel. Differences may
be in the behavior of certain substances in thetigra conditions with sufficient or
insufficient oxygen saturation and air, and actidrhigh temperatures. There is fuel,
rubber, sponges, paints, varnishes, synthetic raktesnd objects in all the vehicles.
When fire is set on these substances and objeasrgom or area such as a tunnel,
where there are conditions for the stoichiometaitoorof burning, and there is no place
for alleviation, removal or interference with the@ve@onment of greater volume,
resulting products are exothermic chemical procedsch leads to the formation of
critical temperatures for the fire. Unlike the fief such substances and objects
outdoors, where the maximum temperature achievéleinthird stage of fire spreading
to the fourth phase decreases, the fire in thediuthmes not happen, but the temperature
curve of fire lll and IV stages of development e tsame. This is the reason why the
consequences of such a fire are catastrophic

Let us add that the fire temperature curve, aftavaaximum temperature was achieved
in a fire outdoors, falls after the substance butoivn, because there is no burning
substance in the center and at the boundary pofriise fire or fire limits the heat is
significantly reduced because of the reductionhi@ ¢ffect of localization by release
into free space, the immediate removal, etc. itlésar that it does not happen where
there is a burning substance in sufficient amoonis so arranged that the temperature
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curve can expand forever and when there is no itmpatche process. Such exothermic
chemical reaction, called burning transfers in obdi spread of fire which has
disastrous consequences. It may happen in tunhels dfter burning combustible

substances, the maximum temperature increasesfireecurve in relation to the

resulting heat does not decrease due to the Ispedifics, so this situation greatly
aggravates the intervention of fire-fighters, justhe first most important minutes of
intervention. The situation at the fire site becentltamatic because firefighters are
powerless or upon arrival at the fire site theyrmrreach the center of the fire site, to
the injured, which assumes other characteristicgedls

3.2. Tactical performance

In the process of fire fighting in the tunnel thé&seno established and accepted rule of
tactical performance [1]. Without a doubt, a demisfor the combined performance
with an emphasis on the potential dangers shoultdde. The action is not undertaken
with a small number of human forces because thigkty get exhausted as they have
to apply protective equipment such as respiratqoyment and protection against heat.
Respecting the rules of the rescue, it is necegsdncus solely on the action of pulling
the injured from the fire, and to call medical atmnce teams, and they must sbe in the
vicinity of fire fighters. The type of tactical germance is determined by etermines
location of fire in the tunnel. There can not be amistake because the only viable
frontal appearance, if it is possible to get to Wleey focus that is burning or burning
vehicles. Exceptions are in subways or tunnels a/iigere are available ways to more
places, and depending on the situation and posgidevention.With regard to the
localization of the fire site active localizatiomabligatory if it is possible to perform it.
In most cases passive localization is used beazfube resulting situation.

4. CONCLUSION

Despite all the architectural, technical and orgatibnal preparations saving human
lives in the tunnel systems often exceeds the pititisis of firefighters, and therefore
great attention must be paid to rescue optionsh Wibper signaling, safe escape routes,
effective systems for smoke evacuation and autentivices for fire extinguishing,
with which fire speed can be slowed down or eveevented and the reduction of
temperature provided to a sustainable level, thecatibn and behavior of traffic
participants play a decisive role.
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Abstract: This paper presents the results of research ergorfactors that affect the

working environment in the family home, which prdes services for the elderly and
employing workers in different occupations. Thestioned the conditions of life and
work related to the micro-climatic conditions (@mperature, air velocity, and relative
humidity), light and noise.

Keywords: family home, microclimate, lighting, noise
1. INTRODUCTION

Environmental conditions can damage the health difelithreatening. Proper
assessment of the impact of the process on health prerequisite for appropriate
preventive activities and health at work in difiereeconomic sectors, certain
professions and specific work processes. Parti@itantion is paid to the protection of
mental health at work. The efforts of the adjusttradrself-preservation, there is stress,
one of the biggest health problems in the workplagestu.Ispitivanje ergonomic
factors of the work environment includes examinptysical (temperature, humidity
and air velocity, light, noise and vibration) artemical factors (concentration of gases,
vapors and dust). Examination of these parametergery important issue in the
implementation of work because all aspects of tlmrkwenvironment have a great
impact on people. The employer is required to perfahe tests in the work
environment:

= In work areas where the performing process affdestemperature, humidity

and air velocity,

= In work areas and work areas outside the work pesniwhere the work
process is resulting with noise and vibration,

= In which the work is necessary to provide adeqliglging.

The purpose of the study of individual parametefrshe work environment is to
determine are the results within the limits spedfby the regulations and standards
relating to specific areas. A healthy work envir@mhis one of the most important
prerequisites for human health and satisfactioth@workplace. For this reason it is
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necessary to regularly perform testing of the waglk@énvironment and to take all steps
to ensure that test results were within the linspecified by the regulations and
standards in accordance with workplace.

2. RESEARCH ISSUES

The purpose of the study of individual parameteisthe work environment is to
determine how test results are within the limiteeafied by the regulations and
standards relating to specific areas. The workimgrenment is regulated by a series of
regulations, whether the results are within thetinspecified by the regulations and
standards, and whether they supervise tests oKitids The Republic of Croatia has not
yet developed an awareness of the importance dthhead safety at work. Most
companies do not test work environment, althouggsehtests and their control is law
determined. Conditions in the work environment tyeaffects the health and safety of
people. In Croatia there is still a common practafedisplaying incorrect results
analysis only to meet the legal formality and tttze paper was fine. The issue of
research is that we do not have a sufficient nurbeaiccurate information about what
is truly state of the practice, nor that attacimesdrtance.

3. RESEARCH GOAL

The aim of the research is to determine the re¢ahtbn in practice, and to take all
necessary measures to improve working conditiohs.t€st was performed in all areas
of home, rooms, kitchens and living rooms. Workenyironment testing was carried
out in accordance with Article 50 Law on OccupasibSafety (Official Gazette no.
59/96, 94/96, 114/03), the Ordinance on the workémyironment, machinery and
equipment with high risk, and the content, form amahner of issuing documents (OG.
52/84 , 114/02 and 126/03) and the Ordinance ompatonal Safety and Health for
operating rooms and spaces (OG. 6/84.), and apjgictandards, based on the decision
of the Ministry of Economy, Labour and Entreprerstip.

4. HYPOTHESIS

Based on research, the working environment inangly home we hypothesize that the
actual situation is satisfactory, or that all paggens are within the boundaries of the
standards and regulations for a particular area.

5. EXAMINATION OF ERGONOMIC FACTORS IN WORKING
ENVIRONMENT

The working environment in the family home was aaetdd in accordance with Art. 50
of the Occupational safety on which is composednakc
Testing was performed on the circumstances:

= microclimate (air temperature, air velocity, relathumidity)

= lighting

= noise
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Table 1 Display of specific data for microclimate

Microclimate factors:

(air temperature, air velgcitelative humidity)
Air temperature, relative humidity and air velocitgsting is performed wher|
workers spend most of their work time, where i®datned:

=  Whether by the action of heat and heat transfertdube environmen

in refrigeration, air temperature meets the miénoate conditions for|

thermal comfort at work

= Whether due process of heat or refrigeration redakiumidity and air|
velocity satisfy microclimate conditions for therncamfort at work.

Under the work area shall be any outdoor or indggarce in which people work.
Depending on the type of job measurement can bfrped in one or more
places, as well as the characteristic places inrtieen. Optimum operating
temperature (for PSI = 0) shall be determined @nlhsis of data on the CL
values and apparel workers, and information abo®&TMalues and physicd
activity of workers.

11

= U

Instruments

METREL, Multinorm MI 6201, serial n@3D0030

Table 2: lllumination

lllumination

Purpose of illumination testing is tletermine the strength of illumination and
whether it meets the Croatian standards with retgacértain types of jobs.
lllumination testing is done in the most unfavogalight conditions when all means
of work are operational.

Instruments

METREL, Multinorm MI 6201, serial n@3D0030

Display of illumination standards for evaluation: |

Review of these requirements is given in the tablef Croatian standard HRN U.

C9.100.

To carry out certain activities in general lightiogfor general and additional lighting at
the workplace, the average brightness of the pesmisiust be permanently in
accordance with the requirements of Table 3.

Table 3. Display of average illumination according to HRNC9.100.

General illumination with additional illumination the workplace
Requirements ﬁﬂ%ﬂiﬂi? General illumination Additional illumination at tiveorkplace
The minimum average illuminance lux (Ix)
a b A b a B
Very low 30 50 - - - -
Low 50 80 - - - -
Medium 80 150 30 50 150 300
High 150 300 50 80 300 600
Very high 300 600 80 150 600 1000
Extremely high - - 150 300 Over 1000

Note: Value of illumination in column "a" in thalle applies for illumination with
incandescent bulbs, then values in column "b" [famination with flourescent tubes or
similar sources of illumination higher color temaierre.
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Table 4.: Noise parameters

Noise

Noise examination is implementing because of nt@sel determination at places

static and periodical staying when all machines dexces are in use and other sour
of noise which are in use at the same time. Undekplace it is considered every op
or workplace where people works. Under harmfuluefice it is considered noise whi

particularly interferes many types of activites,esgh communication, sidelinge
communication with expedient of communication, i¢iog sonic signals and damagirjg

f
ces
2N
h

sense of hearing. Depending on type of workplacaserement can be done on one|or

more places, as well as on specific places in enmient. At the workplace noise
measuring at workers head height when he is natepte If the process deman
worker's presence, microphone is setting up ostamiie cca 10 cm from worker's ear

s
s

Instrumentarium:

METREL, Multinorm MI 6201, seria. 09500030

Grading of noise|
level display:

Grading harmul activity of noise is done on basééning and boundary values exposi
on while 8 hour workday and peak level of valuesaiic pressure:
a) lower warning border of exposing
Daytime level of noise exposinggts= 80dB(A) and
Prea= 112 Pa (135 dB(C) compared to referent sonicspres20pPa).
a) upper warning border of exposing:
Daytime level of noise exposingits=85dB(A) and
Ppea= 140 Pa (137 dB(C) compared to referent sonicspres20p Pa).
b) border exposing value
Daytime level of noise exposingits=87dB(A) i
Ppeak= 200 Pa (140 dB(C) compared to referent sonicspres20p Pa).

For peak values applies, employer at determiniraj exposure of worker has t
consider lowering noise level because usage ofopatsprotective equipment fa
hearing protection, while for cautionary exposiradues applies that this effect must ot

consider. But if daytime noise exposure, which veoskare exposed, from day to d
significantly changes for judgement of noise lewah be used in weektime of noi
exposure providing the weektime exposure does xa#esl peak values of exposure

dB(A). It is considered, the work is disturbed bgise, if at work specifically for
respective workplace is surpassed equivalent nevet described in Contribution Rule

Book of protection of workers from noise exposurevark (NN RH no. 46/08).

ng

= O

Ay
5e
B7

6. TEST RESULTS

Table 5.: Results of measuring physical — chengeshmeters

Measuring physical — chemical parameters

Examination place Family home building
Date of_ 25.03.2011. Examination 12:00 Outdoor 104,6 Relatlye 48,0 %
examination time temp. C humidity
Workplace Application
Physical and chemical 1 2 3 4 5
parameter
Room 1 R020m Room 3 Ro40m Room 5
Air temperature [°C] 22,2 22,1 22,0 23,2 21,9 2Q<e4
Relative humidity [%] 447 44,3 44,1 43,9 42,6 3p<70
Air velocity [m/s] 0,05 0,05 0,05 0,05 0,05 v<0,5
Noise [dB(A)] 26 27 26 29 28 4<60
lllumination instensity En>300
E+D[IX] 151 181 193 188 211 (150)
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General mechanical

ventilation
Workplace - MET CLO™
environment
Office 12 1,0
Measuring physical — chemical parameters
Examination place Family home building
Date of 25.03.2011. Examination 12:00 Outdoor 104,6 Rela}tlye 48,0 %
examination time temp. C humidity
Workplace
Physical and chemical 6 7 8 9 10 Application
parameter
Room 6 Room 7 Room 8| Rogom Room 10
Air temperature [°C] 22,0 21,8 22,8 23,6 20,9 2Q<e4
Relative humidity [%] 44,2 43,5 44,1 46,2 44,2 3p<70
Air velocity [m/s] 0,05 0,06 0,05 0,09 0,08 v<0,5
Noise [dB(A)] 29 26 27 29 28 d<60
lllumination intensity E+DJ[Ix] Em>300
321 191 254 286 195
(150)
General mechanical ventilatio
Workplace - environment MET CLO”
Office 1,2 1,0
Measuring physical — chemical parameters
Examination place Family home ROZI, Pribanici 48, Bosiljevo
Date of_ 25.03.2011. Examination 12:00 Outdoor 104,6 Relatlye 48,0 %
examination time temp. C humidity
Workplace
Physical and chemical -
parameter 11 12 Application
Kitchen Office
Air temperature [°C] 22,2 22,9 20524
Relative humidity [%o] 46,0 43,7 30s<70
Air velocity [m/s] 0,11 0,05 v<0,5
Noise [dB(A)] 39 37 le<60
lllumination intensity E+DJ[Ix] E~>300
217 300
(150)
General mechanical
ventilation
Workplace - environment MET CLO”
Office 1,2 1,0
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" Information about MET values and physical actisitie
Information about CLO values and worker clothing

7. TEST RESULTS GRADING

Microclimate factorg °C, %, m/q] for transitional period.

Measured microclimate factorseetsrules of occupational safety.

El illumination] Ix ]

Measured intensity of electrical illumination wot&pes meets required minimum
demands to norm HRN U.C9. 100/62 with using addéldocal lighting.

Noise[ dB (A) ]

Measured noise leveheetsrules of occupational safety.

8. CONCLUSION

By results of measuring and examinating can beladed that all microclimate factors
(air temperature, relative humidity and air velggitor winter time, electrical lighting
and noise in observed working places are satisfied.

Measured values are in harmony with norm sizes.

Considering that rules of occupational safety aseduby regulation article 17. Rule
book of way of measuring working environment andchi@ery and devices with
increased risks (NN RH 114/02) for specified rooarsd placescan be issued
assurance for registrated activity.
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Abstract: Diabetes has become a major public health proble grows rapidly in the most
developed countries of the world. Beside geneticemdronmental factors, lifestyle habits play
an important role in the development and progressibdiabetes mellitus. About 15% of diabetic
patients develop a foot ulcer in need of medica¢ @ccording to the World Health Organization
(WHO). Infection is a serious complication andsitthe major responsible cause of lower limb
amputation. This paper deals with the possible mtade from diabetic foot infection with the
socks made of modified cotton yarn by natural nalseand active carbon. Ten diabetic patients -
3 IDDM, 4 NIDDM and 3 GDM, tested in vivo fabric lthaccording to AATCC EP 5 guidelines
and sweating evan after 15 washing cycles to acdemtiie highest possible level its comfort of
diabetic patients. Additionally, antimicrobial pesttion was determined by standard methods.

Key words diabetes mellitus, diabetic foot, socks, mineralgjve carbon, sweat, fabric hand,
antimicrobial protection

1. INTRODUCTION

Diabetes mellitugnd its chronic complications are the major pubéalth problem and
grow rapidly in the world. Over 366 million peopéee currently affected worldwide
with diabetes mellitus, mostly in developed and Iyemdustrialized countries [1]. It is
well known that beside genetic factors, environrakmrtnd lifestyle habits play an
important role in the development and progressiodiabetes mellitus, especially type
2. Lifestyle and nutrition of diabetic patients amry far from guidelines of the World
Health Organization (WHO). On the other hand, begyght and physical activity are
critical factors for diabetes prevention in persavith normal and impaired glucose
tolerance. They are very important in the regutatié the disease and development of
its chronic complications as well [2,3].

There are several types of this disease differgmirlyin, treatment and clinically:

Type 1 — insulin-dependent “juvenile-onset” diakgi®DM);

Type 2 — non-insulin dependent diabetes (NIDDM)dui&onset” diabetes, is
characterized by insulin resistance and relatigelin deficiency;

Gestational diabetes mellitus (GDM) is first diaged during pregnancy through an
oral glucose tolerance test; and other speciaktypgpe 2 diabetes is the most common
form of diabetes, affecting about 85% of all peopith the disease; only 8% are the
people with diabetes type 1. The rest goes to therdypes of the disease. Regardless
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on type, postulates for diabetes treatment aredhee — nutrition, exercise, self-control,
per oral hypoglycemic drugs, insulin. Following $befive postulates in the most cases
diabetes can be well regulated, and the micro aadranvascular complications, that
make the main problem to patients and the biggesérese to insurance companies,
postponed.

According to the World Health Organization (WHO)oab 15% of diabetic patients
develop foot ulcers which are the result of neutiopand ischemia. Neuropathy is
characterized with loss sense which has protedtination as well. Sense loss enables
easier ulcer formation on pressure points of fBoesent sweating disorder contributes
to the skin vulnerability as well. Circulation diser reduces blood flow resulting in
necrotic tissue that is a good foundation for ititat Diabetic foot infection is common
complication of diabetic patients, responsible farge number of lower limb
amputation. From diabetic foot ulcers the coagulasgative staphylococcus,
enterobacteria and aerobe streptococcus are idolatderobacteria have fecal origin;
they are Gram negative bacteria that include pathegsuch ard=scherichia coli
Proteus spp, Klebsiella spp, Salmonella, Yersimstigpetc. Anaerobic microorganisms
are more common at severe infections. Micro fumgi @iruses are very rare in diabetic
foot infection, but they are responsible for unpbe# foot odors [4].

Textiles are an excellent substrate for bacteriaith under appropriate moisture and
temperature conditions, resulting in the most umpdat odors, stains, deterioration in
products that lead to loss of storage and tranapomnt, allergic reactions, diseases and
infections and more. On the other hand, it can gingmicrobial protection, providing
long lasting freshness and sense of security affhneeof consumers. Modern way of
life and work contributes to the growth of microbeRapid development of
antimicrobial treatment been notified in recentrgedntimicrobial agents should be
effective against microorganisms, but not adveraéfigct the man and the environment.
Should be resistant to care products, keep allntheerial properties, and of course,
simple to use. Act to kill (bactericide) or prevehe development of (bacteristatic)
microorganisms. They differ in chemical structumgde of action (migrating or non-
migrating), stability, efficiency, safety, price. igfatory agents diffuses from the
product and come in contact with germs, they comrstimm and destroy the chemical
cell (poisons). The disadvantage is that after sime micro-organisms can adapt to
them. Best known as bis-chlorinated phenols (ts@i), organic compounds (TBT,
tributyl tin oxide), organometallic complexes ofalvg metals (Pb, Hg, As, etc), Ag &
Cu zeolites, chitin, azalides, antiseptics and rsthdon-migrating agents bond to the
product and micro-organisms do not consume thermchanically attack the cell
wall. Remain effective for the entire life of theoduct and do not create adaptive
organisms. These are organofunctional silane, Mrhigle, Aegis® technology and
more. At first glance it appears easy to accompishd antimicrobial protection if you
have a good antimicrobial agent, but the persistesfcsuch processing is a bigger
problem. It should not be ignored that all avakalagents are not dermatological
acceptable. Antimicrobial treatment in textiles azemmonly used for hosiery,
sportswear and work clothes, shirts, towels, undarvand other textiles for bedrooms,
hygiene and medical (surgery), textile, inside shditers, geotextiles, wipes, dusters
and more [5-14].

Since textile can provide good antimicrobial prtitat, long lasting freshness and sense
of security, in this paper the possibility to pritérom diabetic foot infection with
modified cotton socks. For protective socks itnigortant that they have no seams on
the fingers and not adhering to the foot, in orereduce friction and skin irritation,
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should be made of the finest fibers that effecjivebntrol the moisture, in order to
provide the highest possible level of comfort [18-1

2. MATERIALS AND METHODS

This paper deals with the possible protection fdiabetic foot infection with the socks
made of modified cotton yarn by natural mineralsrnidle NM) and active carbon
Sample AC). The socks were made on a single kgittimachine in the Croatian
company Angel tim, Samobor having mass per surfaea 241 g/fand compared
with regular cotton socks (Sample CS). For durgbtksting, fabrics were washed 15
times according to ISO 6330:2012.

The antimicrobial protection against Gram posits@aphylococcus aureusnd Gram
negative Klebsiella pneumoniaebacteria was determined according to EN 1SO
20645:2004, and to micro fung@andida albicansaccording to EN 14119:2003. Both
of these methods are based on creation of inhib#ame H, that can be calculated from
according to the equation (1) from Specimen diamdife@and Specimen activit{):

D-d
5 [mm "

H =

The fabric hand and sweating were tesiedsivo according to AATCC Evaluation
Procedure 5-201Guidelines for the Subjective Evaluation of FabHend. For the
purpose ofin vivo measurement 10 diabetic patients were selectedIDCBV, 4
NIDDM, 3 GDM. The evaluators performed subjectiventl evaluation and ranked
fabrics by the physical attributes of hamal.vivo diabetic patients evaluated sweating
during wearing the socks for 10 hours. The resultse compared to the water
adsorption presented previously [14].

2. RESULTS AND DISCUSSION

The possibility to protect from diabetic foot infem with the socks made of modified
cotton yarn by natural minerals and active carbas wesearched. Therefore, the
antimicrobial activity, fabric hand and sweating revetested and compared with
experimental data previously presented [14], tmagdish the highest possible level its
comfort of diabetic patients.

The socks antimicrobial properties against GramitipesStaphylococcus aureuwsnd
Gram negativeKlebsiella pneumoniadacteria was determined according to EN ISO
20645:2004, and to micro fung@andida albicansaccording to EN 14119:2003. The
results are presented in Table 1.

Table 1: Antimicrobial activity to Gram positive, Gram neiya bacteria and micro
fungi before and after 15 washing cycles

Sample | Staphylococcus aurey Klebsiella pneumonia¢  Candida albicans
Activity H [mm] Activity H [mm] Activity H [mm]
CsS - 0 - 0 - 0
NM ++ 0 +/+ 0 +/+ 0,5/0,4
AC +/+ 0 +/+ 0 ++ 0,5/0,5
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According to the standards it is necessary to ntheetest samples from substrate to
determine activity. That means that it is not neagly to have the inhibition zone for
antimicrobial activity, and it is sufficient thahder the sample the culture did not grow.
From the results shown in Table 1 is evident thahadified cotton socks (CS) do not
show any activity to any microorganism. Modificati@f cotton yarn with natural
minerals (NM) and active carbon (AC) results in amimntibacterial activity to Gram
positive Staphylococcus aureu®n the other hand, there is a significant agtitdt the
Gram negative bacteriurlebsiella pneumoniaeAll socks made from a modified
cotton yarn, regardless of natural minerals antv@darbon, show significant activity
against micro fungusandida albicans It should be noted stronger activity using
modified activated carbon yarn, which comply withN BH4119:2003 show not only
activity, but also a zone of inhibition. Consideridurability, it is to point out that this
protective ability stays unchanged even after 18hivey cycles.

The fabric hand and sweat were testedivo before and after 15 washing cyclégn
diabetic patients - 3 IDDM, 4 NIDDM and 3 GDM, tedtfabric hand according to
AATCC EP 5 guidelines. The results are collected able 2 and compared to vitro
measurement of dynamic friction coefficient [14].

Table 2: Subjective evaluation of fabric hand of modifiedtoa socks before and after
15 washing cycles

Fabric In vivo —Attributes of subjective evaluation of fabric hand .
Compression| Bending | Shearing | Surface Hin

CS softer/soft limp/limp| firm/firm| smooth/smooth 280/0.265

NM soft/soft limp/limp | firm/firm | little bit rough/mooth | 0.255/0.249

AC soft/soft limp/limp | firm/firm | little bit rough/sooth | 0.244/0.240

*In vitro measurement of dynamic friction coefficiepk, on FRICTORQ [14]

From the results presented in Table 2 it is quielent the cotton yarn modification
effects fabric hand. All the evaluators reporteat thnmodified cotton socks are slightly
softer having smooth surface that modified onesuneigss of particles for cotton yarn
modification. Even though the natural minerals aactive carbon particles are
incorporated in cotton yarn structure, the dynafriction coefficient was almost the
same as on unmodified cotton socks. These attsbetgialize with the wearing and
washing; all the cotton socks after 15 washing eydlecome soft and smooth. It is to
assume that some particles of natural mineral @tideacarbon incorporated in cotton
yarn wash out resulting in better hand of cottookso The objective measurement of
dynamic coefficient of friction [14] confirms thaAfter 15 cycles washing of modified
cotton socks all the coefficients resulted in lowatue, confirming lower friction and
better hand. Contrary, it is evident that unmodif@otton socks have higher friction
coefficient as a result of weariness’.

Ten diabetic patients (3 IDDM, 4 NIDDM, 3 GDM) tesdt sockdn vivo for 10 hours
and reported subjective above the sweat and odoreband after 15 washing cycles.
The results are collected in Table 3 and companethé moisture content objective
measurement of water [14]. Subjective assessmenbmfort by 10 diabetic patients
led to the same conclusion regardless on typeaifedes — IDDM, NIDDM, GDM. In
unmodified cotton socks they sweat a lot havingraoafter 10 h, while wearing the
modified ones they did not sweat and there wasdww cegardless on particles used for
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cotton yarn modification. The reason for that idtdreabsorbency and perspiration
which lead to sweat adsorption and no odor occuékdditionally, the pregnant women

having gestational diabetes mellitus (GDM) haveortgadl of not having micro fungi on

their feet like most of the other pregnant womextiehed in the same hospital.

Table 4: Adsorbility of modified cotton socks before andeafl5 washing cycles

Fabric | Sweat/ 10 h Odor /10 h }%‘71\/ ; sock]
CS Sweat a lot/ Sweat a lot Odor/Odor 31.0/25.5
NM No sweat/Sweat No odor/Odor 33.1/30.1
AC No sweat/No sweat No odor/No odor 39.2/38.6

*In vitro measurement of Water Retention Value, WRYV [14]

Similar results showed objective measurements ¢émadsorption [14]. Adsorption of

water occurs primarily on the available-OH groupscbtton cellulose in available

surface area. Surface area increment resultedginehicotton adsorption. Therefore,
modified cotton yarn adsorbs 32% of water for r@tuninerals and even 39% for
activated carbon. It is to point out that thesepprties remain even after 15 washing
cycles.

4. CONCLUSION

Socks made from standard cotton yarn provide soorefart but do not provide
antimicrobial protection. Modifying yarn with naalrminerals and activated carbon
antimicrobial protection can be achieved, partidylaagainst micro fungiCandida
albicans The protection is better for the cotton socks ifed with activated carbon.
At the same time, those socks show better adsorptid almost the same or even better
lower friction which leads to better comfort. Thehaeved properties remain even after
15 washing cycles. All diabetic patients that tdste vivo modified cotton socks
reported of better comfort and freshness regardiésabetes type. Therefore, it is to
recommend using such modified cotton socks fothalse who lead active and healthy
life, as well as diabetes patients.
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Abstract

The concentration of workers, motor vehicle driyevho work throughout the day and
night was investigated. The chosen method was gwfveespondents. It was found that
there are differences in time to complete the suraed the accuracy of responses
among workers in day and night shift.

Keywords: concentration, survey, worker, daily and night tshif

1. INTRODUCTION

Work between 22 hours in the evening and 6 o'cio¢ke morning of the next day, and
in agriculture between 22 hours at night and 5 ls@mext day is considered night work,
if in a particular case or according to other laather regulations, collective agreement
or agreement between the employer and the worksicdobhas not been specified
otherwise. Night work is more difficult than dailork due to the disruption of
biological rhythm of workers. This increases thegqgt®logical stress and fatigue of
workers and reduces caution. Reducing caution @se® the possibility of accidents.
For a better rest of workers, if possible, theyudti@onstantly rotate between night and
day work shifts (Article 59, paragraph 2 of the babAct). The worker should work at
night consecutively for a week.

2. BASIC TERMS

Worker - a natural person employed performs cetasks for the employer (Labour
Act, Official Gazette n0.149 /09 Art. 8, paragrdph

Driver - a person who drives a vehicle on the raaidy vehicle designed to move across
the road (the Law on Road Traffic Safety, Officidhzette no. 48/10, Article 2,
Paragraph 66).

Night work is the work between 22 hours and 6 hafr¢he next morning, and in
agriculture between 22 hours and 5 hours of thé mexning, except for the case that
Labour Act or other laws, other regulations, cdliesagreement or agreement between
the employer and the works council otherwise spdtifbour Act, Official Gazette no.
149/ 09 Art. 59, paragraph 1).
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2.1 Concentration

Concentration is a term used to describe our ghiditdirect our mind in the desired
direction.

A healthy man can focus on something for a certaime until it comes to fatigue,
excess or boredom. However, in some situationsndi@tenance of concentration is of
the utmost importance for a person, such as driving

This is the reason why it is important to know fthetors affecting the concentration
and ways of its maintenance at the required level.

3. RESEARCH

3.1. Research problem

The problem of this study was to find out whethad &o what extent there is a
difference in the concentration of workers durihg tlay and night work. The level of
concentration of each worker is subjective infoiioratTherefore it was necessary to do
the research that will show the concentration oltihts of each worker on a specific
parameter. In this case, it was accuracy and spéétkntification of traffic rules by
drivers during day and night work.

3.2. The aim of the research

The aim of the research is to see whether theiedgs, and to what extent, a difference
in the level of concentration of workers during dayd night shifts. In this case the
investigation will be carried out on drivers. Thaey to be carried out for the purposes
of investigation is composed of questions aboutrtites of road traffic safety. Each

professional driver should be familiar with theates. Therefore, the time necessary for
each worker to solve the survey will be measured.

3.3. Hypothesis

Hypothesis: Concentration of workers during nightl aaily work should be different
and it should be higher by day than at night. Humlaility to concentrate and maintain
concentration at a high level should be higherruthe day because of the biological
rhythm of man. However, all people are not equal alhof them do not have the same
biological rhythm. The ability to maintain conceatton depends on many factors, such
as thirst, hunger, or the amount of food consunsgss, fatigue, environment,
motivation, health, etc. It is fatigue that showulpresent the greatest reason for the
decline of concentration during night because ifoiesee to take a rest at night. At
night a person becomes more fatigued because gh¢ isinot a natural part of the day
when one should work

Appropriate actions, primarily plenty of rest, Méhable the worker to be prepared for
night work and thus prevent lack of concentratidnd this is extremely important,
because lack of concentration leads to reducedocawhich increases the possibility of
accidents. Lack of concentration causes unreadinegsspond quickly when necessary.
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3.4. Survey methodology

The survey was carried out on a sample of 10 dsiderring day shift and 10 drivers
during night shift, who had to solve the questiaremavith questions about road traffic
safety. Since each driver with a permit knows dyawbw to solve such tests, the time
required to solve the exam was measured. Accordinghe time required for
completing the survey, the result will show a @iffince in concentration of drivers
working in day shift compared to those working ilght shift. The survey was
conducted at a gas highway station where driveys fetr call of nature, but also to take
a rest. Before conducting a survey the purpose ajdctive of this research were
explained to each driver, and they were acquaimtild the method of conducting a
survey. They were also asked to fill in the questaire seriously and not to worry
about the results or about some of their other lprob and concerns. When selecting
questions for the survey, those questions wereteeldhat are related to actions which
drivers use every day. All questions for which #reswer can vary according to the
category of driving license or transport vehiclerevavoided. The questions for which
there are multiple correct answers were also adoideorder to prevent long-term
thinking about the answer. Workers were dividea itwo groups. Day shift workers
were in the first group, while night shift workexgre assigned to the second group.

3.5. Results of the survey
Tables 1 and 2 show the results obtained by coirdpatsurvey of workers:

Table 1.Results of the survey of the first group

First group ( day shift)
Percentage of | Percentage of nezlt?siary
Respondent| correct answers incorrect ; Wi
[%] answers [%] or soiving
[seconds]
Driver 1 100 0 272
Driver 2 100 0 281
Driver 3 100 0 265
Driver 4 100 0 277
Driver 5 100 0 263
Driver 6 100 0 275
Driver 7 100 0 269
Driver 8 100 0 256
Driver 9 100 0 270
Driver 10 100 0 267
Average 100 0 269.5
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Table 2. Results of the survey of the second group

Second group( night shift)
Percentage of | Percentage of Time
Respondent| correct answers incorrect necessary
[%] answers for answers
Driver 1 100 0 271
Driver 2 100 0 280
Driver 3 100 0 266
Driver 4 100 0 273
Driver 5 90 10 261
Driver 6 95 5 282
Driver 7 100 0 290
Driver 8 100 0 265
Driver 9 100 0 269
Driver 10 100 0 268
Average 98.5 1.5 272.5

4 PROCESSING,ANALYSIS AND DISPLAY OF DATA

Survey questions applied to the field of traffidesg, i.e. areas directly related to the
driver's job. For each of the questions three arsweere offered, of which only one
was correct. In this way it was easier to give arswand unnecessary confusion of
surveyed workers was avoided.

As the questions were selected in such a way Hudt erofessional driver should know
how to solve everything exactly, the time requifed each respondent to solve the
survey was measured.

As it had been expected, on average, the daywbikers solved the survey faster than
the night shift workers. Day shift workers neededtlve the survey 269.5 seconds on
average, while the night shift workers needed 2%&28onds on average, Figure 1.
Although the difference is only three seconds, Whigcvery important in traffic because
one second is sufficient for an accident with sggioonsequences.

Although it was not expected, the survey showed thare is a difference in the
accuracy of the answers, as we can see in the, dhigtre 2. While the day shift
workers had all the correct answers, in the ngftitt two respondents gave one and
two incorrect answers, respectively.

The questions with incorrect answers given by #dspondents were no. 5 and 7:
Question 5:

Due to taking medication with a red triangle on pagkage driving is forbidden:

a) at least 4 hours, b) at least 1 hour, c) at Rasurs
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Figure 1. Graph of the time difference by shifts

E.:Razlika - Time difference between night and slaift,vrijeme - time ,dnevna — day,
no¢na - night ,smjena - shift
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Figure 2. Graph of the difference in answer acourac

E.:Razlika u toénosti - difference an answer accuracy,postotakito odgovora -
Percentage of correct answers,vrijeme - time ,dmevday,néna - night ,smjena - shift
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Question 7:

On public roads stopping and parking is only alldwe the designated areas outside
the roadway, but in the case of a vehicle defeeatnosiccident you must set the mark in
the shape of a triangle at a distance of:

a)25m,b)50m, c) 75 m

As the two respondents did not directly encouatewers to these questions, the
results from the survey will be attributed to thiginorance of regulations rather than to
lack of concentration due to night shift work. Thegre told about the inaccuracy of
answers. Each driver got acquainted with the sgtns of road traffic safety during
driver's education. Ignorance of these regulatioag cause an accident, and this is the
reason why they should be occasionally repeatedecessary, the employer should
prepare knowledge verification of road traffic sgffor those drivers who are directly
related to traffic.

5. CONCLUSION

The survey showed that there is a difference irtithe needed to solve the survey
between day and night shift workers. It is thidadiénce in speed that indicates the
difference in the level of concentration. Thesailtsawvere expected, because night
work generally adversely affects the physical ctodiof workers, increases stress,
nervous and depressed states, as well as chraigioegand lack of sleep.

Man can focus on something for a specific timeil intomes to fatigue. However, in
some situations, maintaining concentration is efutmost importance for a person.
Such a case is driving because the slightest lackrentration can lead to an
accident. It is therefore necessary to know thertepues and ways to improve and
maintain concentration on a high level. Before wevkry worker, especially if he
works in the night shift, should take enough rBsfore setting out the driver should
eat and drink enough because hunger and thirgaserfatigue and reduce
concentration. While driving fresh air should ket ihto the cabin several times because
it will stimulate the brain to watchfulness. Whibie driver feels that fatigue turns into
drowsiness, he had better stop at the nearesta@aadland take a short break during
which he walks, drinks coffee or does something alkich will awaken him and raise
his level of concentration. And it is important #ile time to keep in mind the ultimate
goal and purpose of driving, but also the job thaterformed because motivation
significantly affects the level of concentrationezfch man.
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Summary

Previous studies of worker exposure to wood dughénworkplace, both in our country
and other countries were determined by the massecrations of respirable particles
and total dust. Based on previous studies, thdtseshow that more than half of the
work places exposures are greater than the preskctiimit. This paperwill note which
tree species cause tumour of the nasal cavityr aliserders, allergies, and asthmas,
etc.

Key words: wood dust, Inhalable fraction

1. INTRODUCTION

Working with sprockets saws, workers have to weilkrfg and processing, with a load

of noise and vibration, further burdened by adveeffects of exhaust gases and
particulate mineral oil and wood dust from the wogk atmosphere. Due to long

exposure to wood dust, at low concentrations, themical composition of wood

materials can have very strong biological effect lmmman health. Besides the
occurrence of allergies and asthma, due to harsubbktances from pine, spruce and
oak the biggest problem is the risk of developinigreocarcinoma of the nose and
sinuses caused by exposure to wood dust, beecbhaknd he emergence of developing
adenocarcinoma of the nasal cavity in the wood strguworkers is very significant in

relation to the occurrence of other malignancietheftotal human population, which is
very rare and is only 0.25%.lt is not entirely stirat the chemical composition of wood
substance has carcinogenic effect, but given thmitance of the content of tannin,
tannin acids, aldehydes and its oxidation prodwsdsa result of mechanical processing
at high heat generated chemically altered charreddwparticles. To assess the
harmfulness of wood dust it is significant the ahat reserves in the ambient air
particulate matter consisting of up to 1@@n aerodynamic diameter before the
sedimentation. Professional exposure to organict dsisstill present in many

workplaces. The term organic dust refers to a maerosol particles of plant, animal
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and microbial origin. It can cause or worsen aetgrdf inflammatory disorders of the
respiratory system, the irritating symptoms of upped lower respiratory tract to
asthma, chronic obstructive lung disease, byssndsipersensitivity pneumonitis and
organic dust toxic syndrome.

2. WOOD DUST

Dust is a solid dispersion consisting of aerosatiga size of <1 to 100 um. Most of
the wood particles mean aerodynamic diameter grélag® 5 mm (135). The airways
are observed separate areas which differ accotditiyze method of removal of inhaled
particles, and particle residence time at thedfideposition.

The air is purified entering the body when goingotlyh the input part of the
respiratory system.Coarse particles are stoppethdyasal hairs or deposited on the
mucous membranes of the nose, pharynx and thratwahich it can be mechanically
removedby sneezing, wiping noses or swallowing. Iemaarticles penetrate deeper
into the respiratory system. Previous studies Istnesvn that the disposal of particles in
the respiratory system can be displayed as a fumdfi particle aerodynamic diameter.

International Organization for Standardization ()S@&s introduced five fractions of
particles as a function of the probability of peatibn in certain parts of the respiratory
system:

1. Inhalable fraction - mass of particles that entex tespiratory system when
appropriate.

2. Extrathoracic fraction - mass of inhalable pargal® not penetrate deeper than
the larynx (aerodynamic equivalent diameter ofiplg> 1Qum).

3. Thoracic fraction - mass of inhalable particlest thanetrate deeper than the
larynx.

4. Tracheobronchial fraction - mass of inhalable ple$ that penetrate deeper
into the larynx, they penetrate deeper than themited bronchioles
(aerodynamic equivalent diameter of the particlEsgm).

5. Respirable fraction - mass of inhalable particleat tpenetrate the alveolar
spaces (aerodynamic equivalent diameter of pastic@e? - 1Qm).

Wood dust has irritating and allergenic propertie®@ne example is the
allergicallyplicatic acid that is released duringe tprocessing of red cedar (Thuja
plicata). Exposure to high concentrations of abegis associated with an increased
prevalence of asthma among workers.

It is assumed that the mechanisms that lead tal¢lrelopment of asthma in exposed
workers are not only allergic nature.Although he&rfd the increase of specific IgE
antibodies to plicatic acid in exposed workers vétipositive correlation between the
concentration of these antibodies and the inciderideronchial hyper-responsiveness
(BHR), increased prevalence of BHR was found intoma workers. Seems to be
allergenic and irritant properties owned and catedinom oak (Quercussp) and
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sesquiterpenes from beech (Fagussp), which isiassdavith an increased incidence of
BHR in exposed workers.

3. EFFECTS OF EXPOSURE TO ORIGANIC DUST IN THE WORK ING
ENVIRNMENT IN TIMBER INDUSTRY

Wood industry, as well as many jobs in other indest such as textiles and food
processing, agriculture, livestock farms and fayesinvolve significant exposure to

organic dust. Organic dust can be defined as aunexdf particles aerosol plant, animal
and microbial origin. Workers in the timber indystfor example, are exposed to wood
dust and volatile substances that are released wioerd processing (e.g. terpenes,
catechol, and plicatic abietic acid), bacteria apdres of various types of moulds and
their decomposing products, including endotoxin dmda glucan, pesticides which
wood is treated to protect against parasites, aathlmmwhich are released from the
surface of the cutting machines.

PICTURE 1- bend saw blade-blade of unalloyed or low-all@ebt

In the following example, there are the resultsmestigations of wood dust in the
factory flooring. When we sampled and determinaistdve used recommendations
company Casella CEL and their website http://aifgdargsolutions.com/ used. In the
process of sanding wooden floors in the operatibnthe company frees up a
considerable amount of dust. Workers are exposedristant during their full-time job

to petty respirable dust and they avoid wearing@®al protective equipment, which
they are secured by.

< *~

o W%

PICTURE 2-Personal protective means are used for proteatton fespirable dust
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To determine the amount of the presence of dugt@érnworkplace dust measurements
were performed on two occasions. The measuremeaarised out using the direct
method of reading instrument MicroDust 880. Thetfineasurement was made on the
first day for 10 minutes. Concentration reachedaximum of up to 21.4 mg/m3. The
average (mean) value of the mass concentratiootaF tlust was 9.00 mg/m3 which
does not exceed the maximum allowable concentratfomood dust is 10.00 mg/m3.
Another measure in the same job operation was tepehe next day. Measurement is
made by direct indication of mean mass concentratiototal dust for 30 minutes and
when it has reached a maximum concentration of Q00g/m3, whereas the mean
value of the mass concentration of total dust wA8@ mg/m3, which amounts to more
than the maximum allowable concentration of 10.@3m3.
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PICTURE 3- Measuring the presence of dust for the first timabout 10 minutes

70 + . '. Dozvoljena kencentracija

50+ “l m Srednja vrijednost
masene koncentracije

30 B Maximalna koncentracija
w17, ﬂ—
o 1% . "

1 2 3

PICTURE 4-Measuring the presence of dust, the second tim@dfaninutes

The results showed that, depending on the durafidhe measurements in one case we
get the value of which, according to our curreandard of the permitted MRL, and in
the second case the measurement time extended moir@@es,mean for the average
concentration of dust has exceeded the limit. Besithe extension of the time of
sampling, the maximum concentration of 100 mg/miictvis significantly higher than
the value of 20 mg/m3, recommended by the Britiein&ard MDHS14 / 3or short-
term exposure limits (STEL) for cellulosic totalslinhalation.
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As recommended by the British Standards MDHS14 sh8rt-term exposures limit
(STEL), which is defined as a 15-minute TWA (wegghtaverage value of the observed
time interval) exposure that should not be exceellethg a workday even if the 8-hour
reference TWA is within limits. Exposure to the STEhould not be longer than 15
minutes and should not be repeated more than 4 tnoy.You should pass at least 60
minutes between successive exposures at the STEfr@o these previous
considerations, one can clearly see that the vafud0.00 mg/m3, prescribed by
JUS.Z.B0.001/1991 for MRLs for wood dust remainsyveoor in the context of the
considerations above, especially for the workeafétgthat are endangered in the work
process where mentioned dust is present.

4. HEALTH EFFECTS OF OCCUPATIONAL EXPOSURE TO
RESPIRATORY HAZARDS IN TIMBER INDUSTRY

Exposure to organic wood dust can cause acute hrmhic respiratory disorders,
irritative  symptoms of upper and lower respiratotsact to asthma, COPD,
hypersensitivity pneumonitis and organic dust tesyadrome (4, 5, 134). Wood dust,
primarily from hard wood species (e.g. Oak and hgean have carcinogenic effects,
and is associated with the development of canctreohasal cavity and sinuses.

Asthma is a disease characterized by varying diahaes in the flow of air through the
airways and / or hyper-reactivity of the airwaysc@uopanied by inflammation.
Occupational asthma refers to cases of asthma d¢dys¢he inhalation hazard in the
workplace (4). Occupational asthma may be allemyidl irritating, distinguishing
between two forms of irritating asthma. The first reactive airways dysfunction
syndrome (RADS) which occurs suddenly after a skagosure (usually accidental)
high concentrations of gases, vapours, fumes drtbasact as respiratory irritants, and
to the people who had never suffered from asthmeoti#er form of professional
irritating asthma is induced by prolonged expodoréritating astmogenic substances
in concentrations much lower than those that c&&®S. Allergens liable for the
development of allergic asthma are numerous, aeit themical compositions are
usually proteins. The molecular weight can be dididnto high molecular weight (>
5000 Daltons, e.g. dust mites, latex, mould, coffemur) and low molecular weight
(<5,000 Daltons, e.g. diizocyanate, acid anhydride®tals, penicillin. The low
molecular weight allergens include and abietic plichtic acids that are released when
processing wood.

Chronic obstructive pulmonary disease is charamdriby restricted air flow through

the airway that is not fully reversible (4). Flownlitation is usually progressive and
associated with (probably genetically based) exeessflammatory response in the
airways and lung parenchyma caused by inhalatiomafious gases or particles.
Chronic obstruction of the airway is caused by plaghological changes in the small
airways (obstructive bronchiolitis) and deteriapatiof lung parenchyma (emphysema).
This disease is one of the leading public healtblgms, and by the predictions of the
World Health Organization will become the third sawf death and the fifth leading
cause of work disability in the world by 2020. Gosf treating COPD triple exceed the
costs of treating asthma (158). In developed camthe most common cause of the
origin and development of COPD is cigarette smokingt also air pollution, diet
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deficient in protein, as well as occupational expesrespiratory hazards, including
wood dust.

Byssinosis is also included in the group of prafasal lung diseases caused by inhaling
dust with biologically active vegetable origin dsis cotton, hemp and linen.At the

beginning of the disease is manifested by coughthgst tightness and shortness of
breath on the first working day of the week afteveek of rest, and over time these
symptoms persist throughout the work week and ibeade goes into COPD.

Hypersensitivity pneumonitis (extrinsic allergicvablitis) is accompanied by an
inflammatory reaction in alveoli and terminal brbiate after previous sensitization and
repeated inhalation of organic dust (farmer's lysigeon breeder's disease).

5. CONCLUSION

It has already been pointed out that the determimadf the concentration and duration
of exposure to respirable dust of most concernhm professional pathology. The
methods of work, analysis of working atmosphereg thhole methodology and

procedure for the analysis should be determinaBedsonal sampling dust with the
constant analysis of the results should be a dgudira of the safety and health at work
for each extraction of minerals or the treatmentpsses where dust occurs.

When selecting maximum risk workers important festare the following:

- Closeness to sources of contaminants (pollutants)
-The frequency of closeness to sources of contartsna
- Number of sources of contaminants,

- Workers' complaints and diseases.

Suspicious and potential health hazards can besssdeby sampling the greatest
dangers workers - persons who is considered to thevgreatest potential for exposure.
A worker can be exposed to high risk, due to thekvemea (location) or procedures of
work (tasks). Work area can have more than one manxi risk if work activities or
operations are not uniformed or if there are sddfi@rent sources of exposure.
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Abstract

This paper analyzes the load segments-vertebrabdursacral region of the spine at L4 and
L5 caused by changing anthropometric charactersstike body weight and height of students
for three categories: normal subjects, obese anthowaished subject entities. The load analysis
is carried out for five different seating positiorie a function of a tilt-felling seating from 0
degree to a maximum of 15 degrees, while individoedes and moments of varying sizes
(AnteroPosterior force, MediolLateral force and PirmgDistal force) occur at L4 and L5, with
the highest intensity of ProximoDistal force whishhighly expressed at obese and tall subjects
and during the felling of seats the force risesrfrd degree to 15 degrees, and the highest value
of the force is at the seating positions in (3§ 44) which is 371,3 [N ], and the largest load
torque of 12[Nm] at L4 and L5 is in this option.

Key words; anthropometry, school furniture, biomechanics

1. INTRODUCTION

There are a number of elements in and around thgest to comprehend, which

influence the final form of school furniture. Althgh school furniture is not the only

impact and even more it is not direct impact theatses irregularities in posture and
strains of the student's body (scoliosis, kyphosisfavorable conditions for sitting

certainly adversely affect the growth and developtned students. Long hours of sitting

in school adversely affect the physical as welhretal development of the students.
The fact that the students' violent behavior insirggly present cannot be denied, but it
raises the question of looking at the reasons winyesnts act so "inappropriate.”

The emergence of such "aggression” lies in theestamt that they are sitting in
inhumane and inappropriate schools as well aslapidiated and outdated classrooms
with inadequate shaped furniture. Outside reguthosl hours the students are sitting
on the floor, stairs, wall etc. because they havether options. That is why there is a
kind of partly passive resistance, but more fre¢ja@d aggressive one.
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Student's body is not constructed for sitting lmurtrhoving, and when the students are
awake in school they spend more than 30% of the tisually sitting .1t is obvious that
the problem the students have will increase infthiere, so we need to experience
school as a student's workplace. In practice, tlaee different approaches to the
consideration of the interaction of furniture angstomers thus "restlessness" on the
school chair is prohibited while dynamic sitting tre office chair is recommended
which causes different effects on the health ofstiee.

2. RESEARCH PROBLEM

The chairs with a seat made of glued beech venemreér pressings that have no
desirable softness of the seat) are mainly useschwools. Because of the hardness
present in a veneer molded part and the actual dBbemnics of seating, students are
getting one selves into a situation(position) lohited work applicability due to the
present problems in diseases of the lumbar spien ebefore the end of secondary
education, and the issue of "comfort" of the septactically raises there. Before
analyzing the seating position, in other words hbe angle of the seat during the
sitting can be changed, it would be advisable ttegm@ize the seating positions
depending on the center of gravity as well as tiindethe body positions during the
sitting.
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Figure 1. Schoberth's categorization of the sitting positiased on the center of
gravity of the body

Analyzing the sitting position vector Rs represdntgse reaction that occurs in the seat
and its direction is opposite to the force of grgvivector Rf represents substratum
force in relation to thdoot and CG is the center of gravity of the bodysmaf the
subject and is slightly above the pelvis. In thated position (C) center of gravity
(CG) is slightly above L4 L5 segments, while tleetfcarry —transfer about 25% of
body weight onto the floor. The spinal (vertebr@jumn is nearly straight or slightly
curved in the central position. If we want to charmgir position, from the central to the
front one, we can do that either by changing thideaaf the pelvic bones and the spinal
column (B) or by curving the spinal column (A) woiit major changes of the angle
between the pelvis and spinal column. In front fasigravity is in front of L4 L5
segments, and your feet transfer a little bit &% of body weight onto the floor. In
rear —final back position (D) gravity is slightl@ve or behind L4 L5 region, while the
feet transfer less than 25% of body weight ontoffiver. Through a series of studies it
has been arrived at a conclusion that the intepnassure between the vertebrae is
significantly higher at improper sitting positidman in standing position.
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3. METHODOLOGY

The focus of the analysis is sitting at school desk fact the focus of the analysis is
design of school chair. Former classic image of farniture is that the chair is created
from wood, without specially designed areas forc#ffzeregions of the body, and the
back rests are at the angle of 90 degrees or Islighbve 90-95 degrees.

We are going to start from the above analysisudision, past experiences and try to do
a step forward in the optimization and ergonomisigie environment in order to get a
higher comfort at the school population. The subjecplaced in a sitting position.
Gluteal region and backs lean on the chair seattfamdback of the chair. The legs are
resting on the floor. When the hands are on thke tidzhool desk), the mass which is
transferred onto the floor is within the limits 26% of body weight. A head rest is not
taken into consideration. A desktop -school deskd ke used instead of the
characteristic arm resthe upper body is upright and straight. The angléhe pelvis
with a vertical plane is 0.05 degreé®mora are in horizontal position and feet are
resting flat on the floor. Analysis will be carriedit through a series of steps from the
initial to the final position. We will consider f&vpositions where the seat moves for
3.75 degrees, the legs move for 2.5 degrees, tives prove for 0.05 degrees in each
new position to spine gets appropriate form.

We will consider three cases which may be takerepsesentative of the population,
namely, the one subject of normal weight and he{@btkg, 175 cm), obese subject
weight 95 kg and height of 180 cm and a represestaif the population with the
problem of malnutrition, weight 55 kg and heighDldn. Relative error of scheduling
weight of the body occurs because of Any Body Muodglsoftware package. The
software considers the weight is evenly distributethe entire body. The conventional
representation of mass index has the same disafyamecause of BMI (Body Mass
Index). BMI does not show the mass segments digioib on the body but the whole
mass is divided by height squared.

3.1. Analysis of the force and torque on the vertebe L4 L5

The main goal of this research is to look for tbads that govern the body depending
on the sitting positions, Figure 2. Hence, we apéng to look only to the skeletal
muscle model of a human beirithe seat, back support, arms and feet supporakes t
as the mating surfaces of the model.

Figure 2: Schematic presentation of sitting positions 1i#hihe change of tilted seat
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Figure 2. shows an initial position that will benstdered at the research and it is a
basic sitting position . At the positions (2-5), widl consider the impact of the seat
turning for a positive angle from 0 degree to a imasm of 15 degrees with the remark
that the legs move according to the change of thay lposition for a slightly lower
angle so the legs will be shifted for 10 degrees fimal position.
As a major determining factor in the seating positis certainly the load of L4 L5
segments. In these segments individual forces ampi¢ occur as a result of different
body positions.

The first force that will be mentioned is AnteroRuoior force at L4 L5. In anatomy
AnteroPosterior (relating to both front and backan area from the front to the back of
the segments. In this case it is the action offtihee from the front to the back of the
vertebrae.

InFigure 3. you can see clearer view of the loagvfthrough the positions (1-5). It is
noted that the load for the designated observagiomoving up to 3.00e +001 or 30 [N].
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Figure 3: AnteroPosterior force at L4 and L5

The next load we are going to analyze is the load.# L5. In fact we are going to
analyze the MediolLateral force. This force actsrfithe center towards the ends of the
segments and will also be shown in Figure 4, wipicdvides an overview of the load
flow in the indicated positions (1-5).
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Figure 4: MedioLateral force at L4 and L5

It is noted that in Figure 5 the ordinate has noe/decause of extremely small sizes of
the loads-from 7.48-004 (0.00075) to 3.25-004 (0323) so the entire range is actually
a narrow area around the 0-value of MedioLatenal€o
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Figure 5: ProximoDistal force at L4 and L5

ProximoDistal force L4 L5 segments is seen fromdaater to the outermost regions
and the segments ends. It is noted that the maxiPrnaximoDistal force on L4 and L5

is slightly below 300 [N].

The most significant load is by ProximoDistal fercAnteroPosterior force has
relatively little impact on the overall load at L% segments, while MedioLateral force
can almost mpletely be ignored since it hasviilaes very close to zero throughout
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the simulation Graphical representation of all loads on segmentsd is
given in the following Figure 6.
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Figure 6: Resultant of the action-synthesis of all loadsdés) on the L4 and L5

The influence of anthropometric parameters (weayid height) of the students during
sitting is shown through the intensity of threedgpf loads on L4 and L5 segments
(AnteroPosterior force, MedioLateral force and PmmDistal force)and it is given in
the following cases of anthropometric measurefefusers, Table 1, Table 2 and Table

3.

Tablel. Tabular overview of the forces on L4 and L5 atanmaurished subject-user,
depending on the seating positions (1-5)

Sitting positions of the student
1 2 3 4 5
moment he;gh mass Ameorfﬁ\‘l’]s‘e” 218 | 214 | 214 | 214 214
Mzl el - 0.000 | 0.000 | 0000 | 0.0003
170 [N] 0.0005
8 [Nm] fcmi 55 [kg] 3 2 1
Pr°x"[':\l‘;D's‘a' 2074 | 2103 | 2147 | 2147 | 2074
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Table 2. Tabular overview of the forces on L4 and L5 abanmal subject-user,
depending on the seating positions (1-5)

Sitting positions of the student
1 2 3 4 5
moment height mass Anteroposterior[N] 30.4 29.8 29.9 29.8 29.8
MedioLateral [N] -0.0007 | -0.0005 | -0.0003 | -0.0003 | 0.0003
10 [Nm] 175 [cm] 75 [kg]
ProximoDistal [N] 283 287 293 293 283

Table 3.Tabular overview of the forces on L4 and L5 at hese subject-user,
depending on the seating positions (1-5)

Sitting positions of the student

1 2 3 4 5
moment height mass Anteroposterior[N] 35.0 34.3 34.4 34.3 34.3]
MedioLateral [N] -0.0009 -0.0007| -0.000! -0.0003 0am5
12 [Nm] 180 [cm] 95 [kg]
ProximoDistal [N] 358.6 363.7 3713 371.3 358.

4. RESULTS AND DISCUSSION

Based on the analysis of the impact of anthropametraracteristics of the student-

body weight and height, as well as changing thdétipasof the school chairs seat from

0 degree to 15 degrees down into five differerdifmms, we have certain changes in
intensity of the loads- forces on L4 and L5 veréebof lumbar-sacral region of students
and it is for sure that ProximoDistal force ig tlorce with maximum intensity and is

in the direct function of anthropometric charactécs as well as in the direct function

of the chair seat. For obese subjects with bodyghtedf 95 kg and height of 180 cm

and for the sitting positions (3) (4) where thetseagle changes from O degree to 15
degrees the force is 371.3[N].

Imperative of our time with longer time of the stmdis’ sitting -future users as well as
the dynamism of the anthropometric characteristfggoung population, which changes

recognizably every ten years, asks designers,tiuumnidesigners and ergonomists to
have special approach considering the interactfstumlents and school chair in order
to improve the work usability of the user or retiiat the same level.

The average height of students in secondary scliwd®snia and Herzegovina in the

last twenty years has increased by an averagelofd&m.
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The interaction of the chair and the student isireql; if the student leans forward or
backward, school chair should follow the moveméeatstimulate the muscles of the
back and leg movements in order to optimize theutation of blood and oxygen

supply.

5. CONCLUSION

1.

Ergonomic furniture sizes are inappropriate forspré population of high
school students, and there is a big gap betwedwapumetry dimensions of
students and functional dimensions of furniture.

School chair is no longer "a piece of furniture'edsor sitting in classroom
but it is an important part of anxiometric systefhat system should be
adapted to the student to allow him/her smooth bitmanical movements as
well as to increase his/her concentration and ratitn.

Standards and other regulations that deal withattea of school furniture
should be the basis of work to every constructechmologist and furniture
designer.

4. Solving the problem of comfortable seating liesthie production of school
furniture appropriate to different age of studemthat means that desks and
chairs of various
sizes would be found in every classroom so a samalphitheater could be
formed.

5. Numerous experts in interdisciplinary fields such wood technology,
ergonomics, design, design pedagogy, orthopedis mtust be involved in
the process of new school furniture developing.
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Abstract

The paper presents the impact of humans on thegiion of the environment and river
Una. River Una is 212 km long and springs near B@yvaja and Donji Lapac, flows
into the river Sava near Jasenovac, and has besarped thanks to the high awareness
of the population who live on its banks, especigibpulation of Una — Sana Canton.
Education of the population in Una-Sana Canton tarting with children in
kindergartens and continues throughout elementadyhigh school. Thanks to the high
awareness of the importance of drinking water,rrivaa has maintained a high glow,
and despite the global water pollution water frawer Una is used for drinking.

Keywords: river Una, environment, solid waste, humans, 1S0014

1. INTRODUCTION

River Una, was named by the ancient Romans, whenwhbr the first time saw its
picturesque beauty and heard the murmur of herrfaditein Martinbrod, Strbéki Buk
and waterfalls in Ripg exclaimed, "UNA" which in translation meanthé on€', or
"the only one"

For the cities of Biha Martinbrod, Kulen Vakuf, Ripg Bosanska Krupa, Bosanska
Otoka, Bosanski Novi, Kostajnica, Kozarska Dubind ®vor na Uni the importance of
river Una is invaluable, and without it we cannotsve. In these cities, today there are
more than 700.000 people in the territory arourel rikier Una, which is over 9,368
km?. This river has the most beautiful waterfalls inr@pe. A large waterfall Strbki
Buk is located in Bosnia and Herzegovina, nearbibiler with Republic of Croatia.
Strbaki Buk consists of several waterfalls, close to @amother, with the biggest
waterfall being about 25 meters high, and it presid magnificent image in which a
person can enjoy. This waterfall is located in éidfeal park Una.
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Figure 1 Flow of river Una Figure 2: Strbaki Buk on river Una

Figures 1 and 2 show the flow of the river Una hadbeautiful waterfall Strig&i Buk,
located in the heart of the National Park "Una".

2. THE BASIC PRINCIPLES OF THE ENVIRONMENT PROTECTI ON
OF RIVER UNA

Starting with the existential significance of thieer Una for the people on its banks,

generations of people have established the regnktin water protection in Bosnia and
Herzegovina. These regulations define water asharaan good, and today the current
Water Act, besides determining water as a comman gstipulates special protection

of waters by all levels of government in Bosnia &fetzegovina, BH entities, cantons

and local governments, cities and municipalities] @rescribes obligations of legal

entities and individuals in terms of water and desdl it a heritage that must be

preserved, protected, and accordingly treated. pidmlation on the banks of the river

Una is educated in the field of domestic regulatiam water protection. Bearing in

mind the water as a resource and the capacityeaéivironment, the basic principles of
environmental protection are applied in the field water management, which are

determined by the provisions of the Law on Envirenmal Protection, which is based

on the acquis communautaire, that aim to promotgtaswable development and

preserve the environment for present and futureemggions, and are based on the
principles of preventive action, elimination of @mwmental damage at source, shared
responsibility, integration of environmental antiet sectoral policies, and the "polluter
pays" principle.

Water protection is one of the three areas of watamagement, which includes:

- water waste treatment,

- treatment of solid waste through landfills (leaehméatment),

- water saving measures,

- implementation of legislative measures related &bewprotection, particularly
those relating to the protection of water springd associated water facilities,
and

- planning and reservation with adequate protectibrfuture resources, in
particular through regional and urban planning etc.
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In modern times, in order to achieve water protegtiit is necessary to harmonize
implementation of the European directives, andafipular importance are thdrban
Waste Water Treatment Directiv&U Drinking Water Directive, and the EU Directive
on theprotection of groundwateagainst pollution andeterioration. This is especially
important for the town of Bihac, if we bear in mititht Bih& source of drinking water
Klokot is affected by the groundwater coming fromo&tian territory.

The Summary of European environmental legislati@kes over 300 legal - technical
documents (directives, regulations and decisiotesified in several groups, but the
man is the key solution to this problem if we cdesithat it was non-educated man
who is the major polluter. Thus, the cause of emuinental pollution is a man who does
not possess sufficient knowledge and feelings deoto preserve the environment in
which he lives.

2.1. The Keepers of river Una — UNA EMERALDS

The Association for creating a culture of preseoratind protection of the river Una
“Una Emeralds” was established on 17 May in 198Ssociation "Una Emeralds” is
working on environmental education of children aadults, raising environmental
awareness to a higher level, educates the youngratons about sustainable
development, teaches them the selective disposablaf waste, reducing emissions,
replacing fossil fuels with renewable energy sosra@nergy saving, preservation and
rational use of our natural resources - water amdsts, and the study of the basic
principles of democracy, as well as mastering thiesr of parliamentary decision-
making through the Children's ecological ParliameRor its original ecological
creativity in working with children, “Una Emeraltiswere given a series of world
recognitions.

Una Emeralds are maintaining a philosophical thougtna River should not be
protected from the people, but rather teach pedp® to protect Unj a slogan
“clear mind - clear Ung and motto “Una is loved with heart and protected with
sciencé. The people who live on the banks of the rivendJvery often have the
important thought for the future, which i8Jha can buy all the treasures of the world,
but all that treasures cannot buy Uha

2.2. The problem of solid waste

The biggest problem for the preservation of theremwment in the area of the river Una
Basin is the problem of solid waste. Unfortunatelye have to conclude that the
awareness of young people is much greater thanothidte representatives of politics

who are not capable to solve the problem of sobdte. While government officials at

all levels are spending vast amounts of money tiwa projects, the municipalities are
creating illegal landfills that are potential thiréa drinking water in the catchment area
of the river Una.

By adjusting the nature to him, a man disturbshthklance of nature, so it's no wonder
that many species of plants and animals are extimete are no pure river flows, forest
landscapes, and the atmosphere every day becomesamb more polluted. Economic

and technological development in recent decadeargyats the life and health of people
in many ways. In order to protect the ecosystemstias in the catchment area of the
River Una it is necessary to solve the problemotitisvaste from two or more regional

landfills.
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During the war in Bosnia and Herzegovina due to aaions, the population was not
able to dispose the solid waste in an appropriatenar, so illegal landfills were formed
in each town. Unfortunately, these landfills arenperarily kept even today. Each of
these landfills has threatened the sources of isignkvater. This consequence will
remain for the next hundred years, because the substances have deeply penetrated

through karst areas. An example is the illegal filinGorjevac - Bih&. This illegal
landfill is threatening sources of drinking watetthe village Rip& near Biha.

Table 1: The results of the testing of water parameters

MAC
Parame | Todak | Toéak Jelina Measur For
ter Mevilu | Smilji Stubo - Una : . drinki
di peina ing unit
in n ng
water
Temper | 156 | 110 | 11,3 | 106 | 109 | °C -
ature
65 -
PH 756 | 7,75 | 755 | 7,51 7,85 e
ﬁi‘t’;‘d”“ 621 | 752 | 632 | 535 | 437 | usiem| 2°%°
Oxygen
saturatio | 5,6 6,1 8,1 6,0 9 mg/lo | 8
n
(HPK) | 9 8 4 5 7 mglo | 3
Ammon
ium jon- | - - - - - mg/Il 0,5
NH,"
Hgates’ 43,063 | 37.026| 39257 7071 2330 mgn | 2
3
Nitrites , 0,1
NO, - - - 15,821 mg/l
Chloride
o Qle | 12127| 33321 17,914 o oo | 3386 | myl 200
Sulfates | 25,995 23,487 15970 13,2B1 12,30 mg/l| 0 20
E'“O”de 0289 | - 0061 | 0031] 0017 mgl 1,5
tF;ZOSpha 2,750 | 1,158 | 2,073| 0,997| 0274 mgl 0,15
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The analysis of the results in Table 1 indicate tha water sample in Jelina diea
contains high concentration of nitrite 15.821 migwhile in the other samples nitrites
were not identified. The values of other parametetch as nitrates, sulfates and
chlorides show a significantly higher concentratiban in the river Una but do not
exceed the MAC.

BRES

Figure 3: lllegal landfill Gorjevac — Bih&

Systematic solution to the environmental protectiorthe countries members of the
European Union started in the early 70s of the Emttury when the laws and
regulations in the field of environmental protentiere first enacted. Among other
things, this legislation established a system oftevdreatment, and established a new
branch of industry which we called the economicswafste. Unfortunately, in the
territory of Bosanska Krajina this is not yet takesld in practice. The reason for this
situation is a considerable number of people inagament positions in the cantons and
municipalities that do not have sufficient awarents the environment protection, so
we will have to force them to implement these lahwsugh legislation and standards.

In the catchment area of the river Una there imareasing amount of waste, as well as
the entire territory of Bosnia and Herzegovina. rage production of municipal waste
in BiH is amounted to 0.7 to 0.9 kg / per capita gay or 270-300 kg /per capita per
year. In the developed countries, the productiosalii waste is more than 3 kg / per
capita per day. Prior to 1992, industrial compathiage been the largest waste disposal
units, but due to the devastation of companiesnduthe war, these amounts have
changed. However, in the future, the attention niestdirected to their re-activation,
that is to the treatment of industrial waste.

According to the Constitution of BiH, the Law on ¥f& Management in Bosnia and
Herzegovina, and all the responsibilities which a@ explicitly defined as the
jurisdiction of BiH, is in the exclusive jurisdicth of the entities. Accordingly, on the
basis of constitutional provisions the respongipifior environmental protection is
divided into several administrative levels, enitend Béko District.

According to the Constitution of Bosnia and Heradga, human rights and basic
freedoms in the category of law, all persons withie territory of Bosnia and
Herzegovina are entitled to the human rights arddoms including the right to live.
The Constitution of Bosnia and Herzegovina doesemgphasize the right to a healthy
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life and a healthy environment through the envirentm Therefore, the responsibility
for the environment is not subordinated to theestit Bosnia and Herzegovina, the
executive branch of government of Bosnia and Herzieg is the Council of Ministers,
which exercises its rights and responsibilitiesaagpvernment function, in accordance
with the Constitution of Bosnia and Herzegovinae thws and other regulations of
Bosnia and Herzegovina.

Environmental Protection Fund was formed in Bosmia Herzegovina. Within the
Ministry of Foreign Trade and Economic Relationsréhexists the Division for Natural
Resources, Energy and Environment which consistewfdepartments, including the
Department for Environmental Protection. At thetoaal level there are laws on waste
management and cantonal waste management plandh velnee unfortunately not
implemented in practice. These plans must be iordemce with the strategy of waste
management of the entities. The plan is enactetidiegislative body of the canton.

3. BAS EN ISO 14001:2011

The development and implementation of environmentahagement system (EMS)
according to the requirements of EN ISO 14001/2@1¥ery important for every
organization. The implementation of EMS of the riegments of ISO 14001 organizes
training of its customers, employees and the conitpjudemonstrates the ability to
consistently and continuously manage aspects ofisketo the environment, reducing
their impact on the same to an acceptable minimugompletely eliminating it, giving
at the same time the contribution to the develogroéenvironmental awareness of its
employees as well as a contribution to sustainaleleelopment from a position of
renewable energy sources. Evaluation and ceriificadf the implemented EMS in
relation to the requirements of ISO 14001 is cotelidy an accredited certification
company, at the choice of the organization.

4. CONCLUSION

Based on the results obtained during this studycare conclude that the education of
the population in the area of ecology was succégsdnd continuously implemented,
the outcome of which is a high awareness of therenment preservation which has
resulted in water of high quality in the river UBasin, which can be used for drinking.
On the other hand the awareness of the authonities decide on municipal and
industrial waste is at low level. There is a poéisih if no corrective measures to
eliminate illegal landfills are taken, the posstgito have drinking water Rigawould
be eliminated.
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Abstract: Using the computer and computer related technokgiees not pose a problem for
healthy people, since the computers have been rdabigo offer maximal efficiency and

ergonomic comfort to people without disabilities. @ contrary, computers pose a great
challenge for people with disabilities and they cbulot use them if there was no adaptive
technology. On the computers the adaptive techyotmgnes in the form of hardware which is
attached to the computer, and then the driversiastalled so that the peripherals can function
properly. Within the scope of this work we will explahe current adaptive technologies,

problems faced by people with disabilities when usiogputer equipment, and hardware and
software adaptations for the purpose of making cderpwork easier for visually impaired and

blind people. For example, hardware adaptations dexices based on Braille code, modified
keyboards, various mouse alternatives and abilititches. While software adaptations are, for
example, screen readers, text to speech softwataalvkeyboards, speech recognition software
and word prediction software. Although modern safevand hardware is exceptionally

developed, it is still not capable of offering wsaiith certain types of disabilities complete work
independence, although recently this has been manin positive direction.

Key words ergonomic, adaptive technology, hardware, softwaigyally impaired people

1. INTRODUCTION

The World Health Organization (WHO), in 1980ves a classification of
impairments (biological), disabilities (functionahd handicaps (social) Infernational
Classification of Impairments, Disabilities and Hhcaps— ICIDH) and defines the
above mentioned terms.

According to this classification:

« Impairment is any loss or abnormality of psychotadji physiological, or
anatomical structure or function.

« Disability is any restriction or lack (resultingofn an impairment) of
ability to perform an activity in the manner or kit the range considered
normal for a human being.
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e Handicap is a disadvantage for a given individuakulting from an
impairment or a disability, that limits or preveite fulfiiment of a role
that is normal (depending on age, sex, and sondlcaltural factors) for
that individual. Handicap de facto represents &cdity, inhibition that
restricts a certain activity.

Invalidity is therefore biological, and harglica social category; handicap is a social
consequence of that which certain disadvantage does person in a certain
environment. The advent of computers, and later sttsartphones, and their integration
in everyday life, offers people with disabilities @pportunity to lead normal lives
regardless of their sensory and physical impairmguast like healthy people. However,
using computers and related digital technologiessdwot pose a problem for healthy
people, while people with disabilities could notukese possibilities without adaptive
electronic equipment.

2. COMPUTERS AND VISUALLY IMPAIRED PEOPLE

Computer access for visually impaired peopdguires one or more means of
assistance like speech synthesis, large displayrasi adjustment option (these options
are built into modern operating systems) or finally adaptive system with Braille’s
code [1].

Person with disabilities wants to access thvaputer for same reasons as the person
without disabilities. However, modifications, andngetimes alternatives to standard
hardware and software are often needed and nege$sagnable computer access to
these persons. Standard computer system with askeybmouse and monitor can pose
a barrier for people with disabilities.

Some of the problems with accessing thes@lperal units are:

* Keyboard — standard QWERTY keyboard, used on mostpaters, is often
inaccessible for people with impaired vision.

e Mouse - using a standard mouse with two or thrgs kan pose a problem for
visually impaired people, because successful usth@fmouse requires not
only good eyesight for tracking the mouse pointetttee screen but also good
enough motorical abilities for controlling the meudvanipulating with text
and graphics with a mouse is a necessary compkiledemanded from all
computer users and which requires a lot of exetwidere it can be perfected.

* Monitor — computer screen can not be used by béind visually impaired
users without text zooming, change of contrasert to speech conversion.

3. ADAPTIVE COMPUTER TECHNOLOGIES

Blind persons can not read letters so theyl neée converted into a different data
form. Technology for visually impaired and blindnsputer users is very extensive, and
the choice of suitable technology depends on uarfactors. Following is the overview
of types of adaptive technologies accessible toalig impaired and blind users.
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3.1. Screen reading software

Speech synthesis system consists of a softimatevhen installed on the computer
converts text to speech which can be heard thrdugltomputer sound system. When
the user presses a series of keys on the keyhtbardpeech synthesis software converts
letters into phonemes — basic language units, wihigah pass through a series of speech
algorithms.

The user can control the speech synthesizgrubin several different ways, for
example; the amount of produced speech can beejahbe output can be read letter
by letter or line by line. When words and numbers spoken, synthesiser can be
adjusted so it speaks out all the spaces and patiatumnarks, and capital letters can be
read at another frequency or tone of voice.

One of the popular screen readers for MS Wirsdis JAWS(Job Acquisition with
Speech), Figure TAWShas sophisticated programmable options which erthbleiser
to convert various video attributes into a spoketpot signal. Program can read any
screen colour and font type (to instruct the usechtange it), it can read web elements
form web pages in sequence, so that the user knowshich page he is and what is
located on that page, it can define parts of tleestas verbally inactive and so much
more. The current version is 14.0 and it suppdithe standard Windows versions [2].

Apple’s operating systems like Mac OS X and&i@ave an inbuilt screen reader
called VoiceOver located undeAccessibility Optionsind accessible fropple menu
> System Preferences > Accessibjlijgure 2 [3].

AN0 VoiceDver Utility

(i General General Tewt| Amouncements _Hins

m Puncwatior: | Some

8. Repeatzd Punctuatior: | First 3 Tmes
oeech

‘While tycing speak: | Craracters

When meving the eurser:

spelled word: | Spea Aitrivutes

5 el ) ) o) o [ e ] L) )

& ouml : Whsn encourtering 3 Ink: | Speak Link +
g Visuils Read numbers a«: | Digis
When reading a casital letter: | Change Hitch
B When deleting taxr: | Crange Kiteh
Brailke Words are separated by: | Punctuation and whitespace
@
Fig. 1.JAWS — screen reader Fig. 2. VoiceOver interface

MS Windows in its basic version also has awuilt screen reading program called
the Narrator which can be turned on in the following way:

@ ®»  All Programs ™ Accessories ™  Ease of Access ™ Narrator

When the program is initiated it reads the ssouover content of the screen to the
user.
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3.2. On screen display magnification

Two basic ways of enabling on screen magrificaare installing a hardware based
processor which enables this or installing softwahéch will enable magnification of
different parts of the screen. Systems for dispteggnification which are hardware
based use a special graphic card, a bigger disglaen for displaying enlarged fonts
and a mouse or a special joystick for moving theiseocursor on the screen, while the
software based systems enable magnification afrketind graphics without additional
hardware.

One additional option for on screen displaygnification is on screen colour
inversion in a way that letters are displayed btagker colour on a light background or
by changing the contrast of individual colours. Soexperts think that this reduces eye
strain. Figure 3 shows an example of usingMlagjnifier components in MS Windows.

The magnifier in MS Windows is activated ie filollowing way [4]:

@ ®»  AllPrograms W Accessories W  Ease of Access W Magnifier

The magnifier is inbuilt into MS Windows artdg used for magnifying the location
of the cursor on the screen.

Virtual Magnifying Glassis an open source program which can be used on MS
Windows and various Linux distributions, and works the same principles as the
Magnifier in MS Windows. Figure 4 shows an example of usiigG in a Linux
environment [5].

nux Admin | B Latest Linix Dy

Ctrl+ Alt+F

Lens Ctrl+Alt+L
® | Docked Cirl+Alt+D

Preview full screen Ctrl+Alt+Space

R
Fig. 3. Example of screen magnification inFig. 4. Example of screen magnification in
MS Windows a Linux environment

MAGic Screen Magnificationis a popular program for on screen display
maghnification. Besides the on screen magnificaitidvas a screen reading option. It has
46 zoom levels from 1 to 36 times. Also, their Hixtttechnology brings smooth and
sharp letters for all the fonts, even at the highesel of magnification. Figure 5 shows
the look of this interface [6].
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Apple’s operating systems like Mac OS X an& ikave an inbuilt component for on
screen magnification called tlomwhich can be found unddéccessibility Options.

It can be accessed vigpple menu -> System Preferences -> Accessibifibomis
capable of magnifying the entire screen or parthefscreen to up to 40 times. Thanks
to the powerfulQuartz graphic rendering included in OS X, text, graphécgl even
video recording can be magnified without any infloe on the performance of the
system [7].

The external camera system transfers the inmageal time and the acquired image
is magnified at user demand. The aforementionedlesavisually impaired users to
watch presentations, diagrams and drawings magnifie to 75 times, with the least
ergonomic and physical effort, and if they wantyttean save the contents for later
review. One such camera @NYX,a portable camera with magnification, showed on
the figure 6 [8].

MAGic - Default - X

»'j Visual | Speech  Tools 1)
@ﬁ? X N o i

Multi-Monitor |~ Mouse  Cursor ~ Color  Focus

Ix
Toggle Level
On /Off Magpification View Enhancements

Version 120.2114  Serial Number. 7000025

Fig. 5. MAGic Screen Magnification Fig. 6. ONYX portable camera with
interface maghnification and flexible arm

3.3. Electronic devices based on the Bilaik code

Although Braille’'s code is not used as muchspsech synthesis and on screen
magnification, many blind users use it to intenaith the computer. Systems based on
Braille’s code are divided into two categoriesnpers and access devices.

Printers based on Braille code are conceptidintical to normal printers. They are
connected to the computer over an USB interfacétw@ce translators and printers
enable the users to write high quality documentBiaille code on the computer.
Before sending the content to the Braille pringafftware transforms the content of the
screen to Braile’s code.

Access devices based on Braille code are fesedontrolling the computer. Since
the signs in the Braille code consist of a codénwik dots, one combination activates
one letter. One of these devices is BrailleNote Apex 32 BTThis is a device with its
own processor and operating systeM(Windows CE 6)0which can be used by the
user to access the computer, and the device caatepa@dependently offering blind
and visually impaired users digital communicatidata storage, web access, etc. Blind
user can use the refreshable screen with 32 eellseid" books, e-mail, documents,
etc. written in Braille code [9].
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4. CONCLUSION

In the last ten years there was a significdenelopment of adaptive computer
technologies. The future of these technologiesréatgand they will only continue to
develop. Development will depend on factors like #ppearance of new technologies,
new methods of learning and artificial intelliger{teat will assist the disabled person).

Moreover, this technology is going in the dtien of thought controlled computers.
However, all this is in the early stages of develept and years will past before it
commercially appears on the market.

Computers have also developed at tremendaesispenabling faster and faster data
processing not only for people without disabilitibsit also for people with disabilities
so they can better adapt their computers to their personal needs.

Computer equipment has also seen numerousggebaand upgrades. Devices are
smaller and enable easier installation, and theessjer use. Software is much more
stabile and powerful, especially speech recognitgmftware and text to speech
software.

From all this we could get an impressiort thare are no real obstacles for people
with disabilities. Unfortunately this is not so.ilStthere are real challenges facing
computer users with disabilities. These challersyesuser interfaces that still can not
completely communicate with blind and visually irmpd people and exceptionally
expensive solutions for people with physical dikaé$ which do not exactly function
in a way that would suit these users.
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Abstract:

Three — dimensional (3D) modeling has a wide apfibcain various fields of technology and
science today. With 3D modeling it is possiblergate a simple and complex objects that can be
later rendered or animate. Thanks to the modemistdhat follow the development of 3D
technology, a high quality modeling product candohieved. This paper presents the design of
simple residential building through the stages @ Bodeling, rendering and animation in
software Blender.

Keywords: 3D modeling, rendering, animation, Blender

1. INTRODUCTION

3D modeling is the process of developing a mathealatepresentation of any three —
dimensional object via specialized software. Thaulteof 3D modeling is a 3D model
that can be shown as a two — dimensional imagambe used in computer animation.
Models are useful in various phases of design efpitoducts or systems because they
allow analysis of the products or systems and ttebpercieve their physical nature.

Computer animation is the art of creating movingagies using a computer. It is a
subcategory of computer graphics. Sometimes thdtres animation is displayed on
the computer screen, but sometimes as a resudes ather media. In order to create an
illusion of movement, an image is displayed on angoter screen and then quickly
replaced by a new image that is similar to previouisslightly shifted.

Rendering is the process of creating the final 2Rge or animation from the prepared
scene or 3D object. Before rendering objects mespllaced within 3D scene. It is
necessary to determinate the spatial relationsbtprd®en objects in a scene including
location and size.

3D models are created wusing 3D modeling softwarBlender is a

rendering/animation/game development open-souneasveire program maintained by
the Blender Foundation.
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2. 3D MODELING

Basic shapes from which begins the process of nmgl@re primitives. Mesh types
(Primitives) in Blender are: Plane, Cube, Circle/ Sphere, Icosphere, Tube, Cone,
Grid, Monkey and Torus. Meshes can be changed lectsey the verticies or their
moving, scaling or rotating. A more refined mettafdaltering a shape is by extrusion.
The selected verticies are duplicated and pladedgirab mode ready to be moved [1].

There are other forms of editing options such aijg and separating meshes,
deleting verticies/ edges/ faces and adding fddsifig a few basic shapes is designed a
house model (Figure 1).

Figure 1: House model

Mesh objects can have their shape modified by uBlegders Modifiers. There are a
four groups of modifiers: Modify, Generate, Defoamd Simulate [2]. A modifier may
be selected from the group to change the shape olbjct.

In the 3D virtual world the most important thing tis provide effective editing of
objects. There are a several ways of editing ssclDhject Mode, Edit Mode, Sculpt
Mode, Texture Paint, Vertex Paint and Weight Paildwever, the two most important
methods are [2]:

e Object Mode and
« Edit Mode.

Edit Mode is intended for modifying the shape & tbject by selecting verticies on the
object. In this mode three things are importantit&e Edge and Face. Verticies are the
joining points of the mesh. By default in Edit mo&ender selects verticies. Edges are
the lines that connect two verticies which facefases that connect the edges.

Object mode affects the objects as a whole.
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2.1. Materials and textures

What is a material? A material is a color but imsch more than just a color. It could
be any shade of color; the color can be shiny radit could be transparent or it could
gradually fade from one shade to another. The pilitisis are endless. The material
panel is used to change some of the physical ptiepaf the object in the way it looks.
This is a place where you set the object’s coladr @her properties such as: Shading,
Transparency, Glossy or Flat, Reflective, Halo &ffa]...

After adding a material, textures are added to aibjeextures are physical
characteristics of a surface like bricks, carpeatpegrain, etc. Blender comes with a
series of built in Textures from which to choseyou can use any photo image stored
on your computer [1]. Anything that can be savedia’EG image can be used as a
texture in Blender. Most other image type files t@nused as well (png, targa, TIFF,
bmp). Blender can also place movies on a surfadeyau can animate the textures.
Figure 2 shows a house model with added matenmmlgextures.

Figure 2: House model with materials and textures

2.2. World Settings

The World Settings allow to set background for scfl]. The default World setup is
the dull grey which displays when an image is reedd€Figure 2). The background in
the render is not the same as the background in3hevindow. Blenders inbuilt
Textures can be used to create a background. Adsocgn use any image stored on
your computer as a background. The easiest wasetdiecclouds is to use a texture in a
world settings (Figure 3).
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Figure 3: House model with background

3. ANIMATION

Animation in Blender is the process of creating alasion of movement or change of
state. The movement or change of state may beothatsingle object or the entire
scene. This is accomplished by creating a seriestittfimages each one slightly
different to the next which when displayed oneratfie other in quick succesion create
the allusion. Each still image is a single framehaf animation. Each frame is rendered
and turned into digital image. This is usually iatdPEG format. Finally all the images
are compiled into one movie film. Movie quality ¢mi materials, textures, lighting
and cameras including frames per second, outpat fle type and compression. The
render format determines how many Frames Per Sebermhimation should run at [2]:

* NTSC (US 30 fps),
e PAL (Europe 25 fps),
e Film (24 fps).

Moving, rotating and scaling are the three basiaxdifiers to use in an object
animation. In most animation programs camera cavathe path or object (or both)
while moving [3]. This option saves time of anineatiand the number of frames.

3. RENDERING

A rendering is a pictorial output of a 3D sceneodiject. Features like materials,
lighting, oversampling and shadows control the @ffeand quality of rendering. There
are two tools for rendering: Blender render andl€ycender. Cycles render can render
scene with many polygons and Blender render ieffdst simple applications where
physical accuracy is not important [5]. Howeverchriess of visual experiance
determines lighting scene. There are many moddighttf so we can talk about a model
with three types of lights as the basic model aratemcomplex models with more
lighting. Rendering of the house from the front deft side is shown on Figure 4.
Scene is illuminated with three types of lights.
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a) b)

Figure 4: Rendering house
a) from the front side; b) from left side

Figure 4 shows a house model under natural ligh@®dow is a right side view of the
same model but under artificial and natural light{Rigure 5).

a) b)

Figure 5: Right side of the house model
a) under natural lighting; b) under artificial liyng

Figure 6 shows back side of the house where youseanthe shadow that caused the
sun lamp.

Figure 6: Back side of the house
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5. CONCLUSION

Programs for 3D modeling are applied in industdasign, science, for the media, as
well as for visualization of the design. Blender BDwonderful application, especially

at the price. 3D building design in Blender revdateany features of this program. In
this program simple and complex objects can beiefftly modeled. Blender's features
include 3D modeling, texturing, animation, camenacking, rendering, video editing

and compositing. Parts of the projects from othegmms can be inserted in Blender.

Abilities of the software are evolving and buildingpidly. Representation of 3D
building design has been made to version 2.66 wkicbharacterized by improved
rendering, dynamic sculpturing, work with transpdérémages and textures. Upon
completion of the design was released version 2.67.
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Abstract

Infrared radiation is electromagnetic radiation withiavelength larger than the wavelength of
visible red light, and smaller than the wavelengthmaglio waves. These waves are emitted by hot
bodies when they are in an excited state, absorlyethdst substances whereby the energy of
infrared radiation converted into internal energgsulting the increase of temperature. The aim
of research is designing a vest and testing of nasethat would be used for protection against
infrared radiation. Measurements were made on therntfal mannequin George®©. Design
solution of vest is displayed by a computer prog@m Fashion Design (R) V4.0. The vest is
designed for workers in construction and agriculiuzed to all those who are exposed to direct
infrared radiation.

1. INTRODUCTION

Wearing protective clothing with the protective cdweristics and satisfactory level of
comfort is of great importance to people who perfactivities related to the physical
work in the open, exposed to high temperature wffees - from heat to cold. For the
purpose of designing protective clothes with satifry level of comfort it is necessary
an appropriate assessment of the environmentakingrethe exchange of heat between
the body and the man, which in turn involves knalgke of heat transfer through
clothing. Clothing is a barrier between the humaband its environment and its
functional role of keeping the body in an accemat®ndition in different temperature
conditions. Factors that effect on heat transferrarmerous: clothing design, level of
adhesion from clothes to body, layering, surfacegafment covering the body etc.
Human reactions to heat or cold depends on thevithdil who is exposed to
environmental conditions, clothing worn by the indual and the nature of the work
being performed. This paper investigated the chaofydeat in the human body
influenced by infrared radiation, by testing of tiexmaterials on thermal mannequin.
Testing was performed by simulating operating ctiods on the people who are
exposed to high temperatures on their line of wbdk. these environmental conditions
we suggested some design solutions for upper ganvesh
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2. RESEARCH PROBLEM
The study consists of two parts:

*« Resistance test of different textile materials & infrared radiation on
inflatable thermal mannequin

« Design of vest for protection against infrared aidn

Considering that the head and the shoulders arg mgssed to sunlight, tested
samples of textile materials are usually used Far toverage of those body parts.
Besides the classic fabrics, web manufactured arctrelspinning device from

polyurethane nano/micro fiber were used in researeltile fabrics have been tested
using high temperature to simulate infrared radmtion the inflatable thermal

mannequin. Testing was performed on each mategpdrately with the addition of

substrate (tulle) of equally spaced rubber ringdckvhallow free circulation of air

between the material and body of thermal mannethah reduces the temperature of
the 'body', as previously defined. Software progr@sbesign Fashion (V4.0) for

designing the infrared radiation protective ves$ waed.

3. METHODOLOGY
The work plan consists of two steps:

e Testing of heat retention through textile mater@isthe thermal mannequin -
George ©, with infrared radiation, and

« Designing the vests for physical activity in theeap- design vests using the
computer software C - Fashion Design (R) V4.0.

Materials and methods

Materials tested in this study designated as TIT@owere different (Table 1). The
temperature was measured using infrared camera.FTIR- T6).

Table 1. Tested materials

Sample T1 T2 T3 T4 T5 T6
designati
on

Materials Woolen | Woolen | Polyester Polyester| Mercerized Polyurethane
fabrics fabric fabric fabric cotton web fabric
(PET) (PET) fabric

The sample designated as T6 from Polyurethaneeigaped by Electrospinning device
model NT-ESS-300 with the following process pararset
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Distance between the tip of the needle and thectol of fibers: 18 cm
Electric voltage: 20 kV

Flow velocity of polymer stream: 4ml/h

Speed of horizontal mations of collectors fib€r205 rpm

Rotation speed: 36 r/min.

The prepared polymer solution of 12% polyurethatiesolved in solvents organics
DMF (N,N dimethyltetraflouride) and THF (tetrahyfincan), a ratio of 1:1, influenced
by an electric field pushing out the volume outtleé syringe of 16 ml. Four ml of
polymer solution has been spun in one hour. Afteelgctrospinning micro/nano fiber
textile fabric (web) is dried for 24 h to allow tlwaporation remaining solvents. An
electrospinning of polyurethane is done on tuliedfasy removing from the roller.

Setting up the rings

Each textile material was examined with and withbatkground made of tulle on
which were placed 24 rubber rings, Figure 2. Rublmys are part of the bottom of the
substrate, and they facing the body models, wHdacatulle are placed tested textile
fabrics. Tulle fabric has no impact on the chanfyemperature, which is confirmed by
measurements. The purpose of the rings is to crgzdee between the body of the
mannequin and tested material in which air floveely and reduces the heat retained in
the body of mannequin.

Figure 2. Rings attached to the tulle on the tested bodyaserarea of thermal
mannequin

Testing method on thermal mannequin George ©
Selected textile materials were examined in ordeadsess heat retention in case of

infrared radiation, based on changes in body teatpey of thermal mannequin George
©, with minor modification of the system, accorditogFigure 3.
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Figure 3. Inflatable thermal mannequin Geo%e

Source of infrared radiation with the intensity 400 W was used on the inflatable
thermal mannequin from a distance of 55 cm fromybadodel. The aluminum
construction had the role of protecting the modmlybparts that were not covered with
tested textile material (arms and shoulders). Asvipusly established, the source of
infrared radiation must be focused directly on test material in order to precisely
determine the protective effect of the materiak. this purpose, only a part of the chest
dimensions (30x50 cm) was exposed to radiation.

The materials are placed on the mannequin anddtegten the model and infrared
lamp involved in the work. During the test enviroemtal conditions were monitored,
the ambient air temperature was maintained at 22& because the relative humidity
depends on it. Before the beginning, examinatioesewperformed on the undressed
thermal mannequin. Power is controlled by a vaeabhnsformer and maintained at a
constant level during all experiments. Thermal nhaslbeated approximately from 100
to 120 watts of power, in order to keep manneqaopui temperature at 42 + 0.1 ° C.
Output air temperature is measured when the systanhes a balance (after 10
minutes). Initial output temperature is enterethatmoment of setting down the tested
material on the mannequin and the final output &enature after 11 minutes of heating
with infrared lamp.

4. RESULTS AND DISCUSSION

From the results obtained given in the Table J.{Tit can be read that there was a
reduction in body temperature mannequin in almdismaterials by using the rings
Rings give the possibility of air circulation scathfor most of materials measurement
had better results that is the outer temperaturesredses. Fabric made from
Polyurethane (designated as T6) is only effectiveenwvit is combined with rings,
without them mannequin gives worse results tharratiaterials.

With woolen fabric (designated as T1) after IR esqpe temperature increases from
32.7 °C to 33 °C while in the same material witigs, temperature slightly decreases
from 32.9 °C to 32.7 °C. Woolen fabric designatsdT& after IR exposure also has
better results when the material is combined withyg, that is indicated in decrease of
temperature from 32.8 °C to 32.4 °C. Polyesteritshdesignated as T3 shows reducing
the temperature with rings after IR exposure fradril3’C on 32.6 °C. Polyester fabric
designated as T4 without rings after IR exposuretha temperature increase by 0.5 °C
while with the ring temperature decreases by 0.3Tt@ best result are obtained with
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mercerized cotton fabric designated as T5 afteexBosure with and without rings
where there were decrease in temperature from°82t@ 31.1 °C.

The investigations made in this research work aedirpinary with the aim to get the
levels of the changing the protection of differ&imtd of fabrics that are exposure to IR
radiation and will be continued.

Table 2. Results of testing

Time

[min] Materials IR Tie [OC] Touns [OC] Tours [OC] Q [W]

13:44 MW NO 42 22 30,8 159,38
13:55 MW YES 42 30,8 33 128,08
14:06 T1 YES 42 32,7 33 128,08
14:17 T1+R YES 42,1 32,9 32,7 133,77
14:28 T2 YES 42,1 32,6 32,9 130,92
14:39 T2+R YES 42,1 32,8 32,4 138,04
14:50 T3 YES 42 32,4 32,2 139,46
15:01 T3+R YES 41,9 33,1 32,6 132,35
15:12 T4 YES 42 32,7 33,3 123,81
15:23 T4+R YES 42 33,1 32,8 130,92
15:34 T5 YES 42 32,7 31,1 155,12
15:45 T5+R YES 42 33 33,1 126,65
15:56 T6 YES 42 33 33 128,08
16:08 T6+R YES 42 33 32,6 133,77

Legend for Table:

Time [min] - Time of measurement

Materials - Tested materials

IR - Infrared radiation

Tine [OC] - Input temperature of mannequin

Toutt [OC] - Output temperature of mannequin

Tout2 [OC] - Output temperature of mannequin (after tenutgs of testing)

Q [W] - Obtained retained heat

MW - Mannequin without clothes

T, - T6 - Tested textile materials

T.+R - T6+R - Tested textile materials + Rings

Heat Q was determined using the following equation:

Q =p \Y% Cp (T|Np - TOUTZ) 1000 (1)

where arep - air density (1,18 kg/f, V - volume of airflow (0,012 Afsec) as well as Csp - specific heat of
air (1,005 KJ/(kgK)).

Design solutions of infrared radiation protective \est

Design of infrared radiation protective vests wamusing the computer program C -
Fashion Design (R) V4.0 which is used for desigrnthrgggarments. Design of a vest for
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protection from infrared radiation is shown on frent and back side and from the side
(Figure 4). The special design with layers of mater(breathable layers) allows air
circulation, cooling and decreasing the body terapge a person who wears a vest.

o i il S
f | |
I | . |
| I | |

! [T

i gl
! n :‘. ‘ n
R 2 )

Figure 4. Conceptual design of protective vest of mannegbhaws at the front, back
side and from the side

5. CONCLUSIONS

Chosen materials for testing-scarves (woven anttekhfabrics as well as nonwoven
fabric) that are worn in situations where a perisoexposed to infrared radiation are
used to test on mannequin. Using the process ofrespinning it has been produced
the non-woven fabric composed of nano/micro fibérem Polyurethane, for
comparison purposes with the standard (classidc&brTesting the heat retention of
textile materials was carried out on the inflatattlermal mannequin - George © with
infrared radiation using infrared lamps under colféd conditions. The rings are placed
on tulle. Results have shown that most of the na@semeasured with rings give the
possibility of air circulation and ensure the dasiag of temperature in the mannequin.
Fabrics made from polyester fibres ensure greataegtion than woolen fabrics with
and without rings. Mercerized cotton fabrics give thest results without the rings.
Polyester fabric also provides good protection frotfrtared radiation, but only in
combination with rings. It is given a solution ofriared radiation protective vests, in a
way that ensures breathability during exposureigh temperatures. It is achieved by
using a special stacking of materials in some plaafeinfrared radiation protective
vests. The vest can provide protection againsaiatt radiation for agricultural workers
and workers in construction who are exposed tah kivel of solar radiation.
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Abstract

This paper describes a new sophisticated solutiorafiti bedsore mattress, as a result
technological project financed by the Croatian Inge of Technology (HIT). In the

paper was presented emerge of bedsore ulcers, saftbe occurrence and impact of
beds and matters, as well as the impact of extefaeiors on the occurrence of

pressure ulcers. The new elements of the develepkdion, as well as operating

system are described. Also, the advantages ofdivesolution over the existing market
are shown.

Keywords:bedsore, anti bedsore mattress, prevention ofspiresulcers, health care

1. INTRODUCTION

Sophisticated anti bedsore mattress is the prqdechnology project Croatian Institute
of Technology, and the beneficiary is the FacultyTextile Technology in Zagreb),
which was developed with the aim to prevent prassilcers (Latin decumbere = lie) in
patients with long-term must lie. Also, as partiod first goal, to eliminate the pain in
locale sensitive areas of the body due to the press the body, regardless of the cause
of the pain (wounds, burns, charges, etc.). Pgstreence has shown that the pressure
ulcer complications arise due to prolonged hospétibn, and often occurs in people
who have experienced severe trauma or diseasehvghiehy they are forced to stay on
longer treatment [1].

Bedsores sores (ulcers) caused a greater and geglgressure on the skin which stops
blood supply. Therefore tissue cells dye, develagtdria and infectious inflammation,
wounds. Bedsore ulcers occur on the external mdrtee body (Figure 1), mainly in
places and parts that are most exposed to theupeesEthe body weight to the ground
on which the body rests, and it is an importanttdiacthat contributes to the
hypoesthesia or anesthesia, ie, decreased sdysitivinsensitivity of body. Maximum
pressure of the tissue is always in the bone piotguparts, such as sitting bones, hips,
elbows and heels, and the areas where fat is lgslaped. A healthy person during
sleep or prolonged lying automatically changespibgtion and thus allowing the blood
flow to the potential areas of pressure ulcer$oifany reason stops moving, the blood
supply will be interrupted, and thus weakens tbe/fof oxygen, and results in pressure
ulcers. Mattress pressure (beds) is the largesh@mone, so the most damage will be
there. The skin sores may be tiny, but under tireskn be extensivdamage [1, 5].
Pressures on the surface that is greater than 32grstop blood flow in the peripheral
blood vessels and cause ischemia, but within twordioAfter 10 hours, there is a
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radical necrosis. Average pressures in some placgarious positions are shown in
Figure 1 [2, 3].

30 mmHgi | | 50 mmHg |
10 H
30 mmHg mmHg
60 mmHg

10 mmHg | |

50 mmHg 30 mmHg

!

T

10 mmHg 1JmmHg 10 mmHg 100 mmHg

Figure 1. Potential sites which produce bedsores ulcersamathge load in some places
in various positions

Acute phase will not necessarily turn into a chepnie., the emergence of classical
compressive ulcers, if the pressure and otherogfiolfactors are removed. The images
of bedsore ulcers in an advanced stage and reqsiregical intervention for their
rehabilitation are showing in Figure 2 [1, 2]

Figure 2. Bedsore ulceri [9]

When examining the etiological factors they canekternal (exogenous) and internal
(endogenous). External factors are: long lying be hard and uncomfortable bed,
wrinkled linen and personal laundry, moisture ire tibed, improperly set of
immobilization funds, joint contractures, and messpasticity at the predilection sites,
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permanent catheters or trahenalne cannels. Intéaotdrs are: chronic and terminal
diseases, diabetes mellitus with resulting peri@hemngiopatic changes, malnutrition,
hypoproteinemia and anemia. [1]

2. EXISTING SOLUTIONS

Existing solutions of bedsore beds manufactured ysassive, active or combined
operation. Under the passive activity are consilleterived projections on bed on
which lies the body, and blood flow that is stoppsdprojections compensated on the
places where there is no pressure of surfaces, ibollows.
The substrate must be high quality in terms of s and comfort, must prevent
leakage of fluid and thereby the possibility ofdage of air and gases.

Many anti bedsore mattresses with passive chardwee bumps (blisters) with
compressed air on which the patient lies or siggiré 3. It is believed that in this way
two effects are achieved: a) air is compressecewirred in all chambers of the same
level of pressure (as the connecting vessels),adsw establishes soft pressure on the
patient's body, and b) alternately set projectaimny the blood vessels to supply blood
to the tissue near the place of contact [5, 7].

Figure 3. Passive anti bedsore a) mattresses, and b) the sea
Orthopedics International [9]

Often advertised as anti bedsore beds mattressesiyp activity) of the material
Tempura (high-elastic material with an "open celéveloped by NASA), or sheets of
material Orgahexa woven of carbonized celluloserfilcertain types of oak, which was
developed in Japan.

By active function of mattress it alternately chesighe pressure on the body and
provides massage, thereby preventing stopping Hloedand ischemia.

The most sophisticated anti bedsore mattressedableaion the market have: a)
adjustment of the air pressure which size is seteetccording to the weight of the
patient, b) a type of massage, c) repeating of agesafter exactly fixed time, d) test of
set pressure €) management of these options ahdltigess, f) signaling (sound) when
the pressure drops.

On the market, there is a number of solutions alb#él from different manufacturers,
some of them are shown in Figure 5
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a)
Figure 5. Air mattress with a compressor) Proderma 2, bji@nma 1 [8]

There is a large number of very similar solutionsilable on the market, either as
separate anti bedsore mattresses or mattressesl macthe same bed as anti bedsore
bed. The only deviation from this is anti bedsoeel Iso called Stryker’s bed, which is
based on the need for changes in patient load eostlbstrate tilting beds in all
directions and thus changing the power load onbhsis of the same body parts.
Management is usually done by remote control byntkdical staff.

3. NEW SOLUTION

From the foregoing it is evident that all existisglutions of anti bedsore mattress are
based on an air chamber that can inflate or deBigitéthe will of the patient, medical
staff or certain automatic programming device. Avraproach to solving anti bedsore
mattress can be expressed as follows:

A. Passive impact on the prevention of pressure ulcers

1. Anti bedsore mattress due to embedded bladder giisbhres, the effect of
partial pressure on the patient's body, in ordeprivide continuous blood
circulation in the subcutaneous area of the body.

2. The bladder can inflate in different sizes so thespure lying comfort, as well
as the intensity of the projections can be changed.

3. Anti bedsore mattress area is like the area oflusattresses for beds, unlike
other anti bedsore beds derived from rubberizedidatr plastic, and are
conducive to sweating and wetting the surface asadithe factors of pressure
ulcers.

B. Active impact on the prevention of pressure ulcers
Unlike other anti bedsore mattresses that areeaiffen the market, the active influence
of ABP is significantly richer and more sophistedt There are the following
possibilities for active action of anti bedsore tmess:
1. Monitoring the loads of the patient's body
a) Visual — different color intensity on the comgruscreen
b) Numeric - the amount of load F (x, y) at a seddgosition labeled
substrate shows on computer screen.
2. Set of selected pressure levels in bladders
a) Setting initial parameters, pressure Pp, timeaii@ p(x) pressures
matrix.
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b) Pressure is visually shown.
3. Decrease of pressure in rows that are overloaded
a) Visual display (columns) - it is evident whiobws are under the
pressure, and which not.
b) Numerical display - shows the pressure valuesaoh row.
4. Setting of uniform surface pressure in bladders
a). At the same time, the bladders are filled urldad and thus a
uniform load surface is achieved by using the appate program.
b) Placement of pressure to the desired value fofxeach row, by
activating the appropriate program. In this wayoigned matrix of
given pressures which are automatically recordetisic,.
5. Six types of massages, which are achieved hpinethythms of inflating
and deflating the bladder. Massage can be repésteglecting the length of
the pause between the two types of massage.

Additional features of the new anti bedsore beds

- Management and visual surveillance can be carrietl remotely, from the
workplace for e.g. from room of medical staff orctim.

- - One portable computer can operated more antidredseds.

- - Anti bedsore mattress is mounted on a hospitd/viaieh the possibility of raising
and lowering the bed.

C. Structural solution

The initial idea and the technical solution thathie basic of anti bedsore mattress is a
consensual patent "Intelligent sick background" @&21063 (authors: G. Nikolic, D-
Rogale) from 2004. Later, in year 2012, the desifjbladdesr is protected by as the
basic element antidecubital substrate EU Certdichio. DM/078696 (authors: G.
Nikolic, D. Rogale).

Key elements are bladders, and at same are embedtiedorce sensors, Figure 6b.
The whole 595 bladders are fed with compressedviai'se pressure can change with
the proportional pneumatic valve. Each row of tledter can be supplied with the size
of the pressure which is determined by the progmladders are arranged beneath the
thick cover, Figure 6a, and placed on elastic strip

b)
Figure 6 Bladders a) bladders on the mattress utidercovers, b) bladder with
force sensor
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Based on the data of pressure sensors visuallynantrically is displayed the size of
mattress load, Figure 7. Under the mattress istatha pneumatic system that supplies
bladders with compressed air. Mattress with blasldesver and pneumatic system are
located in a hospital bed, Figure 8.

P 2)=0.40bar
FC 2,18)= 230g

i B - Krevet - Program Fostavke Korekeije boja

sfoofo Unos Krevet 1 ¥ | |[[Masaza 1 - ppl0.25 = Tp[ 2 =) Q100 = cfo2o =
: =i =i =
| MasaZa 1 JJIGED Stat | stop Postavisve | Postavi p(x) offset_|

Figure 8 A anti bedsore mattress,

4. TESTS AND CONCLUSION

The massage effect on the blood circulation is Wwabbwn but it was necessary to
examine how this effect is realized this new aetidore mattress, It can be achieved in
two ways:

a) the measurement of the so-called oxygenation.

b) measuring the perfusion of loaded parts of Kie. s
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For tests are selected older subjects (> 65 yth wbor circulation. To measure the
oxygenation was used is Oximeter PalmSAT 2500. rAfteo hours of lying the
massage was turn on and the results showed a aloiicecrease in oxygenation, as a
result of subcutaneous tissue perfusion. Increds2% is significant and sharply
defined.

For the purpose of temperature measurement is @ga@land manufactured a new
electronic device that has eight sensors and rsnibsolute and relative temperature.
Time/temperature diagram of each sensor is stdrethperature sensors are shown in
Figure 9.

Figure 9 Sensitive temperature sensors

Temperature sensors were placed in: blades, lumbagtiock and legs. The
temperature drops after two hours of lying dowrtlfeuit massage) only at the leg. This
phenomenon can be explained by the lower blood fiowhe extremities. After the
temperature drop of for abou? éhere was a sudden rise in temperature immediately
after the inclusion of massage.

Anti bedsore bed (mattress mounted on a hospitélviere examined approximately
one month by a orthopedic specialist in his off@ed by medical staff in hospital who
expressed satisfaction with the capabilities anficiehcy anti bedsore beds. The
research is to be continued.
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Abstract:

While standing, we used baropodomerty to measwespre on foot area.Human foot
cause force reaction while making contact with ltlase. We also used plantogram and
a special foam to measure foot size pressure arm fas well as pressure and force
that is appearing between the foot and the surfatéhis work, we compared pressure
between normal and deformed men and female foahstgdeir body weight. With this
analysis, we found that deformed foot makes biggessure on heel spur. In this
research, we had 10 male and 10 female candidsfeswere measuring weight, height
and foot area as well as pressure and force that fmoduce while walking. At the end,
we concluded that the candidates with bigger bodygkt, made more pressure and
force on their feet. We are hoping that this resbawill contribute in shoe factory to
decrease weight on feet.

Key words Baropodometry, biomechanics, foot physiology

1. INTRODUCTION

Feet has 26 bones,33 links and about 100 musgksigints ( connects bones with other
bones) and tendons (connects muscles with bonesy alith blood veins and nerve
supply.Foot root, asso tarsi, is made out of 7 bdhat takes load of lower leg. [1] Big
part in walking has feet dome and foothold thahd¢far mechanic force to the surface.
While we stand, our body weight is transfered tlyjtothe middle of our lower leg and
down to the foot ankle. Forces that occured, go ino dirrections. One goes into the
tarsal bone, and the other one goes to the tipeofdes. [5]

The foot statics is different if the body weightrist balanced, so that is the reason of
many deformed feet (Figure 1 and Figure 2.) [3].
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Figure 1. Schedule force of body weight Figure 2: Showing footholds with
(a) scanand (b) plantograf

Upper and lower foot joint, has big meaning in natbal function of the feet, and like
that, they make complex unit that works like andtyrfunctional and clinical unit.
Statical foot function depends on feet bones, ligiat® and lower leg and feet muscles.

(2], [4]

2. METHODS AND MATERIALS

The candidates were 10 male and 10 females wifbrdiit kind of feet (age 22 — 75,
height 160cm — 191cm, weight 60kg — 130kg). Forréeearch, we used tape measure
that is common in shoe manufacture, plantogramsgedial foam, Figure 3.

|

Figure 3: Example of using foam for taking foot prints

We took the foot print from the candidates by sigpinto the foam, and after that on
the plantogram. The weight and height was recoadenl Measuring lenght and width,
we got foot area from each person. Foot pressuaensigthe surface was calculated
after that. Complexity of calculating foot areebmsed on anthropometry measures and
there are lots of measures in shoe manufactoryatteatutually related, but every has
their own flaws and advantages. International steshdor size and labelling ISO/TC
137was brought by international chamber for shoaligulSO 9407:1991. Croatian
anthropometry system harmonized body weight measwuiéh this standard. With
making the shoe size system, they want to achleaterternational standard will be the
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only one in measuring the foot, which is the basehe shoe size. That measuring
system is based on 2 measures, lenght and widtiedbot. Girth of the foot and other
measurements are used in different phases of tbe rissearches. Foot lenght is
horizontal distance between the most prominentatwkthe back of the heel, measured
in standing position so that the body weight woblel evenly distributed on the
horizontal surface. [7] [8]

3. EKSPERIMENTAL PART

To use a plantograf device, you have to smearlaalirover the rubbery obverse of the
device. Under the obverse is a paper for shoe, mt on the top is the foot. The rule is
to stand upright, with body weight evenly distribditon both feet, and by stepping on
the area, we get the print on the paper, Figuelid,d).

c) d)

Figure 4: Measuring feer with plantograf

After that we use plastic pen to mark the edgetheffoot. By transfering dynamically
body weight, brace from one leg to another, wetlgetbalance. People with deformed
feet are big scientific, economical and social pgobin community and to measure
force on the foot, different kind of optical an@etronic devices are used, Figure 5. and
Figure 6.
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Figure 5: Display range toes and foot length,Figure 6: Footprints and shoe meter

In this research, we used plantogram and foam wisicfreat, because you can get
negative foot prints. Getting the foot measures,gwoe realistic foot length from the
prominent toe till the back of the heel and thethviat the toe bend. With normal foot in
upright position, the body weight stretches fromstoover the metatarsal bones and
middle part of the foot, back to the heel. At tledaimed foot, all the weight is based on
the metatarsal bones and middle part of the fobichvbrings deformations and not be
able to walk. We examined the foothold and declu® people with bigger weight
produce higher foot pressure, bigger force on tiiease no matter male or female.

4. RESULTS

Figure 1 shows the measurements data of heighghtyeioot area, pressure and force
for means.

1400
— Wian 1
1200
= Mdan 2
i —— Man 3
200 - Man 4
G600 — Man 3
Man 6
400
200 Man 8
i t : 7 v Man &
Hesght / Weight  Footarea Pressure/  Foree/M e Man 10
om Jkg fem2 Fa

Figure 7: Graphic display measures in mans
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Figure 8. shows the measurements data of heiglghtydoot area, pressure and force
for womans.
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300
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Figure 8: Graphic display measures in womans

5. CONCLUSION

We decided, that people with bigger body weightdpice higher foot pressure, making
bigger force on the surface no matter male or femappropriate shoes have big
meaning in human life, and for that, shoes hasetodmodeled to avoid places with
high contact pressures, places inside the foot watlcentrated straif6]. Places like
that are with blisters, swells, wounds, uneven g&dm foot form because
biomechanics on goings while walking are very carpWith mechanical on goings
such as gravity force, inertia and pressure, wahble to walk and keep our balarjég
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