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Abstract: The article deals with the optimization of logistic flow of selected company in the area of software module
Process Simulate. The aim is to design a logistics flow, which will reduce machine downtime, number of workers during
the operation of CNC centres or achievement the elimination of redundant manipulation steps of direct staff. Modelling
and simulation of workplace in a software module Process Simulate enables to rationalize it in virtual environment, which
will contribute to cost savings that are expended in the process of direct implementation of the proposals in practice.
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Introduction

The aim of company is to maximize quantity and
quality of production and remove barriers that defend it.
The best example of these barriers are: excessive noise of
environment, bad working desk, poor lighting, but also air
current or odor. All these factors are called working
conditions. It is true that many working conditions are
regulated by legislation, but there are also factors which are
not regulated by legislation or are difficult to measure.
The aim of this paper is to explain and process work
environment in relation to physical factors and
ergonomics. These factors that are often overlooked, may
be the etiological agens and a source of personal employee
disaffection.

1.1

Working environment

Working environment is a set of physical, chemical,
biological, socio-psychological and other factors, that
affects on employees. Within physical conditions, most
authors focus on microclimate of working environment
(temperature, humidity and air flow in the workplace),
workplace lighting, noise and vibration in the workplace,
colorful interior design, and air pollution.
1.1.1
Physical factors of working environment
Work is performed in a specific physical environment.
Physical factors consist of following factors: microclimate
conditions that affect thermal comfort of humans, noise,
vibration and lighting.

Noise:
Noise is defined as all sound in the workplace, either
wanted or unwanted and is one of the most common
Occupational Health and Safety (OHS) hazards and is
found in many different environment. Noise or sound is
created by alternate compression and decompression of
particles of the air. This causes the air pressure to fall and
rise in the form of waves. Frequency (pitch) and intensity
(loudness) are the two characteristics of sound [4].
The loudness of sound is measured in units called
decibels. Sound pressure level (SPL) is the basic measure
of the magnitude of the acoustical vibrations of the air that
make up sound. Because the sound pressure range that
human listeners can detect is very wide, (10-5 to 102 Pascal
(Pa)), these levels are measured on a logarithmic scale with
units of decibels. For example, usual conversation is
approximately 60 decibels, the humming of a refrigerator
is 40 decibels and city traffic noise can be 80 decibels [4],
[10].
Noise can be expressed also mathematically. Sound is
a stimulus, and it reaches the ear as part of the energy of
the audibility field which is transmitted in it as longitudinal
vibration. Therefore, in the medium of density p it spreads
by phase speed - alleviation and densification determined
by the changes in pressure ∆p, and the air temperature is
expressed in °C.
Phase of vibration speed c =f x λ,
λ - vibration wavelength,
f- frequency.
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Having expressed the motion of the audibility field in
the presented manner, it remains only to explain the ways
in which men receive sound as stimulus, i. e. information.
It is explained by the Weber-Fechner law of relations
between stimulus and sense, which says, in fact, that the
change of sense Y is proportional to the change in stimulus
X, which can again be expressed mathematically:
dy=KdY/X
(2)
Y=lnX+C
(3)
In case of sound, stimulus X is proportional to the
density of the power of the audibility field and is measured
in [W/m2]. If we replace in the equation Y = In X+ C
natural logarithm by the decimal one, and if we determine
the constant C, so that the sense has the value of 0, and the
sensitivity threshold of the ears W0 is equal to the density
of the sound intensity, we obtain:

W
Y = log
 W0





(4)

For the use in practice, where the industrial production
has been intensified, and the work productivity is strong, a
10 times reduced unit is used, called dB (decibel), and the
sound intensity is:

W 
dB( A)
L = 10 log 
 W0 
W0 = 10 −12 W / m 2

(5)
(6)

The consideration does not include the frequency.
Since it is known that human ear recognises different 254
frequencies, the gauges are fitted with the frequency filter
(«filter A»). It should certainly be noted that in case of
double multiplication of the noise source, i. e. noise for the
new source, the level of noise increases by 3 dB,
independent of the level of the first source.
Mathematically:
W 
(7)
L1 = 10 log 1  dB( A)
 W0 

 W 
W
L2 = 10 log 2 1  = 10 log 1
 W0 
 W0
= L1 + 3dB( A)

Thus, we can calculate that the increase of sound by 10
times increases the initial intensity by 10 dB( A), and by
20 dB(A) for a lOO-times increase. In case of different
sources of noise, the intensities of the audibility field have
to be added, and the resulting intensity is expressed by the
expression:

L = 10 log ∑i =110 Li / 10
n

(9)

In alternate noise, adequate level Leg is the constant
intensity that would result in energy load on the worker in
the production, as if being continuously exposed to noise:
t
1 0
(10)
Leg = 10 log ∫ x10 L (t ) x10 dt
t0 0
t0 - time duration of measuring the intensity,
L(t) - function of time.
Exposure to noise at work [10]:
The noise is most common negative factor in the work
environment, while only in Slovakia in 2008 were more
than 88 300 employees of various economic sectors
exposed to excessive noise. Despite the generally accepted
view, that threaten are only (or especially) employees of
industries, there is number of other professions that may be
exposed to noise levels exceeding the limits.
Slovakia According to the first candidate countries
survey on working conditions in 2001, about 20 % of
workers in Slovakia were exposed to noise so loud that they
had to raise their voice to talk all of the time or almost all
the time. On the whole, approximately 45 % of workers
were — to various degrees — exposed to noise at work.
According to the data of the Institute of Public Health of
the Slovak Republic, the number of workers exposed to
noise decreased in 2005–2010 by about 15 %, but after this
period there have been no significant changes in the
percentage of workers exposed. About 89 000 workers
were exposed to noise at work in 2013. The percentage of
women exposed to noise decreased from 22 % in 2005 to
about 18 % in 2015.
In Slovakia there is a joint legal regulation for both
outdoor and indoor noise limits (Figure 1). This regulation
is incorporated in the Ordinance of the Ministry of Health
No. 549/2007 Coll. on Details of Permissible Values of
Noise, Infrasound and Vibrations.


 + 10 log 2 (8)
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Figure 1 Percentage of workers exposed to noise for at least quarter of working time [10]

Lighting:
The Illuminating Engineering Society of North
America (IESNA) defines light as “radiant energy that is
capable of exciting the retina and producing a visual
sensation.” Light, therefore, cannot be separately described
in terms of radiant energy or of visual sensation but is a
combination of the two (Figure 2) [17].
Light is that part of the electromagnetic spectrum that
is perceived by our eyes. The wavelength range is between
380 and 780 nm.
Light has a triple effect:
Light for visual functions: Illumination of task area in
conformity with relevant standards, Glare-free and
convenient
Light creating biological effects: Supporting people’s
circadian rhythm, Stimulating or relaxing
Light for emotional perception: Lighting enhancing
architecture, Creating scenes and effects
Basic parameters used in lighting:
Luminous flux, Luminous intensity, Illuminance,
Luminance.
Luminous flux:
The luminous flux describes the quantity of light
emitted by a light source. The luminous efficiency is the
ratio of the luminous flux to the electrical power consumed
(lm/W). It is a measure of a light source’s economic
efficiency [2].

reflectors. It is represented by the luminous intensity
distribution curve (LDC).
Illuminance:
Illuminance describes the quantity of lumi - nous flux
falling on a surface. It decreases by the square of the
distance (inverse square law). Relevant standards specify
the required illuminance (e.g. EN 12464 “Lighting of
indoor workplaces”).
lu min ousflux ( lm )
(11)
E ( lx ) =
area ( m 2 )

Luminance:
Luminance is the only basic lighting parameter that is
perceived by the eye. It specifies the brightness of a surface
and is essentially dependent on its reflectance (finish and
colour).
All principal Lighting associations and Societies of the
world agreed about optimal lighting conditions for various
areas, so finally international standards have been made.
Standards are collected within European norms, which can
be purchased from National Standardization Institutes or
from the central European Institution for Standardization
[2].

Luminous intensity:
The luminous intensity describes the quantity of light
that is radiated in a parti - cular direction. This is a useful
measurement for directive lighting elements such as
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season (decrease of the average daily temperature for two
consecutive days below 13°C). The optimal and
permissible temperatures for warm and cold season of the
year are in the Table 1 (Slovak Directive No. 544/2007). In
case of the workplace with long-term nature where it is
impossible to provide optimal conditions, the employer is
required to ensure compliance with permissible
microclimatic conditions. Exceptions are in need of special
workplaces where the burden of heat or cold is impossible
to be removed due to various technological reasons [1].
Humidity: Humidity in the working environment is a
specific factor. The specificity of factor is mainly in the
fact that unlike the temperature, this can be subjectively
very difficult to perceive and then evaluated. The human
body can have an adverse effect on the decrease in
humidity on the level of 20% mainly in winter (due to
heating) and the humidity in excess of the 60% in other
seasons [4].

Figure 2 Basic parameters used in lighting [17]

Microclimate:
Microclimatic parameters: Microclimatic parameters
(or conditions) of the work environment also known as
thermal-moisture parameters are determined by
temperature, relative humidity and airflow. These physical
quantities define subjective well-being (comfort) or illbeing (discomfort). In extreme cases can be considered as
pollutants with adverse effects on human health [1].
Temperature: Particular type of working class has got
determined the optimal microclimate conditions,
depending on body heat production affected by intensity of
employee’s activity. The total energy expenditure assigns
the individual work activities to the working classes: 1a
(sitting at work, administration), 1b (standing at work), 1c
(such us mechanics work, work in the steel industry), 2
(such as operating machines, work in the building
industry), 3 and 4 (intensive and very intensive work).
Table 1 The optimal and permissible temperature for some
working class [1]

Working
class

1a
1b
1c
2
3
4

Temperature (°C)
Optimal
Permissible
temperature
temperature
Warm
Cold
Warm
Cold
season season season season
21-25
20-23 20-28
20-26
20-24
18-21 18-26
17-24
18-22
15-19 16-25
13-22
16-19
12-17 12-24
10-20
The value does not determine

Range of optimal values of microclimatic conditions in
the working environment is set for a warm period (average
daily outdoor temperature 13°C and more) and winter

Heat production of man increases with the physical
activity. The main resources are mainly muscle groups that
produce net metabolic heat. Basal metabolic heat is added
to net metabolic heat, which is produces basically on
biological processes in the human body. Metabolic heat qm
is given by :
(12)
qm=M-W=qm,b +qm, net
M is the total metabolic heat production in W.m-2
W is job performance (mechanical work) in W.m-2
qm,b is basal metabolic heat in W.m-2
qm,b is net metabolic heat in W.m-2
European standard establishes the metabolic heat unit
met. Met represents thermal output of sitting man. (1 met
= 58,2 W.m-2).
Energy expenditure is determined by measuring the
oxygen consumption according to reference tables or
calculation.
Thermoregulatory process of heat exchange between
human body and the environment is given by equation of
heat balance
S= Qcore + Qsk
(13)
S is accumulated heat in body in W.m-2
Qcore= (M-W) + (Cres+Eres)+qtr+qa is heat flow form the
core of body through the skin inW.m-2
Qsk= C+R+K+Esk is a heat flow from the body surface to
the environment in W.m-2
where:
(M - W) is the metabolic heat in W.m-2
Cres+Eres is respiratory heat (conventional resp. heat in
Cres+ evaporative heat Eres in W.m-2
qtr is thermoregulatory heat
qa is adaptation heat in W.m-2
C heat is transferred by convection in W.m-2
R heat is transferred by radiation in W.m-2
K is heat tranferred by convection in W.m-2
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Esk is heat transferred by evaporation or condensation in
W.m-2
Vibration:
Vibrations are mechanical oscillations which pose a
hazard to human health when acting continuously on the
hand-arm system (hand-arm vibrations) or on the entire
body (whole-body vibrations). Vibrations may cause blood
circulation problems, bone or joint disorders, neurological
or muscular conditions, back pain, or damage to the spinal
column.
Vibration is often called a vector quantity, which means
that the vibratory motion has both a negative effect in of
itself and a magnitude or intensity component [16].
Generally, two forms of exposure may be
distinguished: whole-body vibration (WBV), which is
transmitted by mobile or fixed machines where the
operator is standing or seated, and hand-arm vibration
(HAV), which is transmitted by hand-held or guided tools.
In simple terms, vibration is defined by its magnitude
(traditionally described using acceleration, expressed in
m/s²) and frequency (the number of times per second the
vibrating body moves back and forth, expressed in cycles
per second, or hertz (Hz)). The risk of damage is not equal
at all frequencies; therefore, when calculating exposure, a
frequency weighting is used. Furthermore, vibration must
be evaluated in three axes (vertical, fore and aft, and lateral
axes in the case of WBV). From each vibration axis a
frequency-weighted
root-mean-square
average
acceleration is measured. This is referred to as ahw. Since
the risk of damage is not equal in all axes, a multiplying
factor must be applied to the frequency-weighted vibration
values. In the case of WBV, the acceleration values for the
two lateral axes (x and y) are multiplied by 1.4, whereas
for the vertical (z axis) they are multiplied by 1.0. In the
case of HAV no multiplying factors are used. In the case
of WBV, the equivalent acceleration is obtained from the
highest of three orthogonal axes’ values (1.4awx 1.4awy or
awz) that are used for the exposure assessment. HAV risk,
on the other hand, is based on the frequency-weighted
acceleration total value ahv given by the root sum of
squares of the frequency-weighted acceleration from the
three orthogonal axes, x, y and z [16]:
2
2
2
a hv = a hwx
+ a hwy
+ a hwz

(14)

The vibration directive defines the daily exposure,
A(8), as:
HAV: the equivalent continuous acceleration, normalised
to an eight-hour day; the A(8) value is based on root-meansquare averaging of the acceleration signal and has units of
m/s²;
A ( 8 ) = a hv

T
T0

(15)

where T is the daily duration of exposure to the vibration
magnitude ahv and T0 is the reference duration of eight
hours.
WBV: the equivalent continuous acceleration over an
eight-hour period, calculated as the highest (rms) value, or
the highest vibration dose value (VDV) of the frequencyweighted accelerations, determined on three orthogonal
axes (1.4awx, 1.4awy, awz for a seated or standing worker).
The directive sets exposure action values, above which it
requires employers to control the vibration risks to their
workforce, and exposure limit values, above which
workers shall not be exposed:
• a daily exposure action value of 0.5 m/s² (WBV)
or 2.5 m/s² (HAV);
• a daily exposure limit value of 1.15 m/s² (WBV)
or 5 m/s² (HAV).
Human exposure to WBV should be evaluated using
the method defined in International Standard ISO 26311:1997, together with the detailed practical guidance on
using the method for measurement of vibration at the
workplace, which is given in EN 14253:2003. In the case
of human exposure to HAV, the method that should be
used is defined in European Standard EN ISO 53491:2001, together with the detailed practical guidance on
using the method for measurement of vibration at the
workplace, which is set out in EN ISO 5349-2:2001 [16].

2

Ergonomic analysis in the digital
environment

Most companies looking for savings in purchased
materials, overheads, energy. They are looking for ways to
achieve these savings. One way is to use software products
for the creation of virtual reality and optimization of the
current state of business processes without the cost of
direct implementation of suggestions for improvement.
The principle of modelling in Tx Jack and Process
Simulate Human is demanding in terms of modelling
machines, equipment, vehicles, etc. To create a working
environment, it is appropriate to use other softwares, which
creates a working environment easier.
Software Tx Jack is compatible with the software, which
can create a virtual environment of a particular workplace
or halls such as CAD. Thus created environment can be
imported into the working environment of Tx Jack and then
place a concrete worker in it with concrete working
activities
Main function of Tx Jack and Process Simulate Human
are therefore creating a human being with accurate
anthropometric parameters, simulation of movements
(individual body parts) and determine the burden caused by
work´s activities and work´s environment. If it is not
necessary to determine the physical stress on the particular
operator, but it is necessary to dimension the workplace in
general, it is possible to use the database ANSUR (Survey
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of U.S.Army) which contains data collected realization of
a survey personnel of military of USS in 1988.
Siemens Tecnomatix software package has several
modules for each area of usage. For modelling and
simulation of the impact of the working environment on
staff, creating 3D models of working environment, workers
and their activities and detect physical stress through a
specific predefined base of ergonomic analysis can be used
two modules [3]:
• Tx Jack/Jill - it’s a 3D simulation tool for
evaluating of physical stress during the manual
work activities, this is the instrument through
which it is possible design workplace in the
virtual environment and simulate various
solutions that meet ergonomic standards without
investing in equipment and technology. Digital
human model in this program is a real
biomechanical properties of natural motion and
joint rang - taken from NASA studies.
• Process Simulate Human - allows users to verify
the design of work stations, verify the
achievement of the required safety of the
individual parts of a product. The module offers
powerful features for analysing and optimizing
the ergonomics of human activity, thereby
providing an ergonomic and safe production
process according to industry standards. Using
simulation tool of human activity, the user can
perform realistic simulation of the human tasks
and optimize process times of the production
cycle according to the standards of ergonomic.
In the following figures (Figure 3 and Figure 4) there is
a short comparison between human operation created in the
Process Simulate environment and Jack module. It is
shown only a basic operation – walking, where you can see
the differences of creating the operation and also the
graphical windows displaying the software environment.

has to move, or selecting Path Creator and then entering a
path along which go human model to the desired
destination.

Figure 4 Tecnomatix Jack - Task Animation Builder

It needs to click in the main menu Modules Task
Simulation Builder. It opens a working environment in
which it is possible to create human movements that are in
the menu - eg. Go, Get, Put, position, pose, touch, regrasp
ATC.

2.1

Jack Task Analysis Toolkit

Task Analysis Toolkit (TAT) assessment tools are
linked directly to the human figure, minimizing user inputs
and standardizing assessment results between users. TAT
tools can be run interactively, enabling real time results
during animations and motion capture sessions. TAT tools
are based on recognized data sources endorsed by the
ergonomics community • Analysis reports are available for
TAT tools, enhancing communication of results. TAT
includes simplified screening tools, as well as complex
quantitative analysis options, facilitating easy use and
interpretation. Tecnomatix Jack module has many tools for
ergonomic measurement (Figure 5):
• NIOSH (National Institute for Occupational
Safety and Health)
• OWAS (Ovako working posture analysis)
• MTM (Methods-Time Measurement)
• RULA (Rapid upper limb assessment)
• SSP (Static strength prediction)
• And many other...

Figure 3 Tecnomatix Process Simulate - Walk creator

In the Process Simulate module, you need to choose the
requested human model in the graphics window and
selecting Walk Creator - from the main Human menu. In
the window Operation Walk - Jack there is a possibility to
propose the walk operation by positions - either by entering
the human target positions (Select Target), where human
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Figure 5 Tecnomatix Jack - Task Analysis Toolkit
Conclusions
Violation of ergonomic principles leads to the health
damage of workers. Working in wrong position and
performing unnatural movements can lead to incapacity to
work what represents financial losses for employer.
Legislation provide that the employer must create suitable
working conditions for its employees. The attention should
be paid to factors affecting the long-term physical and
psychological burden on workers, because the workplace
is characterized by physical load and work done in
unsuitable environments.
Physical factors of working environment must be
measured by appropriate methods and measuring devices,
that are defined in the relevant laws and regulations.
Subsequently, the measured values are compared with the
requirements laid down in legislation. Nowadays, this form
of evaluation is preferred, but it does not bargain for
reciprocal action of parameters in working process.
Therefore, the scientific discipline called ergonomics was
created. The main goal is to bring a systemic view of the
relationship created between man and the working
environment, including work tools. If the measured value
exceeds the value of certain factors that are standardized, it
is important to ensure the elimination of the factor applying
different measures.
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