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ABSTRACT

The submitted study deals with the optimization of a work system with consideration of generic processes in work
environments. For the purpose of identifying the resulting quality of a workplace, the structure of an ergonomic
program was created on the basis of a digital factory, and a knowledge database was created for the criteria and
parameters of ergonomic evaluation of work systems influencing their quality. On the basis of an analysis of the
present state of the application of ergonomics, an ergonomic workplace was implemented for the purpose of
increasing the quality of the work environment. The application of a work environment design was used in a
selected workplace dealing with courier services. With use of the Tecnomatix program the workplace took on a
digital form, which consisted of a 3D scanning of the work environment, a 3D whole-body scanning of the workers,
the modelling of the work environment in the Plant SIMULATION module and the application of the obtained data
itself in the Tecnomatix Jack program. It is possible to anticipate or to limit many problems by observing work
regulations. One of the possibilities is the creation of an electronic database of employees which offers input data for
the simulation of a specific work position.
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INTRODUCTION

The main criteria for the proper creation of a workplace is respecting the spatial link between the physique of a
person and the parameters of the workplace while taking into account the bodily dimensions, physiological
possibilities and physical strength of the person. The basic elements of designing and modelling a person-machine-
environment system is the person, the work space and resolution of the corresponding requirements from the
viewpoint of safety, ergonomics and quality of the performed process. With the design of a workplace it is necessary
to start from the physiological and anthropometric characteristics of the employee and an analysis of the individual
movements with respect to the performed activities. On the basis of these analyses, a movements study is performed
and a detailed project of the work system is prepared.

For obtaining information about anthropometric measures of the given employee and about the environment itself
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3D scanners have begun being used in an increasing measure. This involves devices serving for the transfer of a real
object into a digital form. During the process of scanning the scanner using different technologies gathers
information about the shape and dimensions of the scanned object. The scanned data create a so-called point cloud;
this means that each scanned point has a determined position in space with respect to a system of coordinates. It is
possible to subsequently use the information obtained for the creation of a digital three-dimensional model of the
scanned object. The resulting data can be subsequently processed for different purposes through specialised software
products. It is possible to classify 3D scanners using several criteria.

The first criteria is the division of 3D scanners according to construction, namely into stationary (these are bound to
one place) and mobile (the possibility of transport to an immovable object). In terms of method of scanning, 3D
scanners are divided into contact and non-contact types.

Based on the principle of scanning 3D scanners are divided into:
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At present the software used supports the import of models of real persons, through use of which a simulation of
workers in the work environment is performed. The problem of configuration of an already pre-set model is thus
simplified. For obtaining a virtual model from real persons, whole body 3D scanners are used. This involves to a
predominant measure stationary optical scanners, using scanning technology based on light sources (the Moiré
method) projected onto the scanned subject. The scanner uses white light for lighting and projecting bars onto the
subject. The individual points are obtained from the surface through use of triangulation — a pair of mutually
angularly rotated cameras is used. In the submitted study a 3D whole-body scanner TC2 NX 16 was used to obtain a
3D model of the human body. In the scope of this study the stage of digitalization of the workplace was preceded by
an ergonomic study for the purpose of determining the necessary parameters of the workplace. As a scanning device
a 3D Leica SCANSTATION 2 scanner was used, which is assigned to the category of active scanners with its own
source of radiation — a laser.

ANALYSIS OF THE PRESENT STATE OF APPLICATION OF
ERGONOMICS

The Statistical Office the Slovak Republic regularly evaluates the status of occupational accidents and illnesses in
enterprises. Processed data on the development of work disability for illness and injury in the Slovak Republic is
located in the SLOVSTAT database. The development of work disability for illness and injury in the industry of the
Slovak Republic in the years 1998 — 2010 is shown in Fig. 1. The number of cases of work disability for illness and
injury in industry in 2010 in comparison with 1998 fell by 65% and a total of 160,970 cases were recorded. The
number of cases of work disability due to work accidents in industry in 2010 was 3,461.
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The mentioned facts point out the importance of observing the principles of ergonomic design and analysis and
evaluation of the ergonomics of a work system, which enable problems and deficiencies of a designed or existing
work system to be revealed so that relevant preventive or corrective measures can be planned. The design of a
workplace which satisfies the principles of ergonomics is a complex problem because a significant number of
integrating and variable elements must be taken into consideration.

Development of work disability for illness and injury in the Slovak Republic
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Figure 1. Development of work disability for illness and injury in the Slovak Republic

REALISATION OF AN ERGONOMIC WORKPLACE

For the formulation of a quality work environment it is necessary to consider basic requirements deriving from
standard STN ISO 9004:2009, where the exact processes for the needed sustainable long-term success of an
organization are defined. This basic aim, together with respecting ergonomic principles, is necessary for every
organization which has the ambition to succeed in the global competitive market in the present day economy. With
the realization of an ergonomic workplace we focus in the submitted study on the design of the ergonomic aspects
for the purpose of increasing the quality of the work environment and on the design of a work environment with
regard to qualitative and ergonomic factors. The processes of individual designs are listed in the following graph:
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Design of ergonomic aspects for the purpose of

increasing the quality of the work environment

design of the given workplace according to defined ergonomic aspects

defining of the ergonomic aspect of a design derived from the type of work
environment

creation of a knowledge database for anaIyS|s of the work environment (work

Design of the work environment with regard to
qualitative and ergonomic aspects

software support of the module PLANS SIMULATION

planning and designing of a process using the module PROCESS DESIGNER
verification and kinematic movements for robots and machines within the
work environment using PROCESS SIMULATE

assessment and optimalisation of the work environment with a view on the
human factor using TECNOMATIX JACK

APPLICATION OF THE DESIGNED MODEL IN THE WORK
ENVIRONMENT

Application of the proposed model in the work environment consists in the training of an employee into a newly
created or modified work environment. The first part represents the application of a digital factory orientated on a
person in the form of new digital forms of modelling of the human factor in production. For the need of
generalization of the proposed model the submitted study of the work process deals with the pressing, pulling and
carrying of loads.
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Figure 2. Decomposition of the workplace and selected processes

For a graphical example of a work environment a workplace dealing with courier services was selected. The given
workplace features the carrying and lifting of loads. The work activities in question are accompanied by a great
exertion of strength by workers and unnatural movements of the upper limbs. This leads to unnatural physiological
work positions, which are the foundation and initiating source of health damage, particularly of the support-
movement apparatus. The work tasks of workers consists in the process of unloading (worker no. 1, Fig. 2a), the
process of lifting a load (worker no. 2, Fig. 2b), the process of placing a load on a conveyor (worker no. 2, Fig. 2c),
the process of weighing the load (worker no. 3, Fig.2d), the process of labelling and registering the load (worker no.
3, Fig. 2e) and the process of classification (worker no. 4, Fig. 2f).

Through use of the program Tecnomatix PlantSimulation the workplace is transformed into digital form, in which a
simulation of the workplace is run, the course of processing a package, the movement of workers in the workplace,
as well as the movement of the package itself. The process of creation of optimization is included in the following
steps:

modeling o modelling 0
workplace in ergonomic
Plantt workplace in
Simulation Tecnomatix
module ack

3D scanning 3D scanning

of workplace of worker

3D SCANNING OF A WORK ENVIRONMENT AND A WORKER

Within the framework of the submitted study the stage of digitalization of the workplace was preceded by an
ergonomic study for the purpose of determining the necessary ergonomic parameters of the workplace. The scanning
device used for scanning the work environment utilized a 3D scanner Leica SCANSTATION 2 (Fig. 3b), which is
assigned to the category of active scanners with its own light source — a laser (Fig. 3). The output of the scanning
process of the object is a group of scans, each of which is made up of a point cloud. The obtained scans are
subsequently processed and a scanned object/environment is created from them (Fig. 3c).

Figure 3 3D scanners: Next Engine (a), Leica Scan Station 2 (b) and outputs from scanners (c)

After the scanning of an employee with a whole body 3D scanner, it is possible to use the scan in the software for
simulation, e.g. of the work environment. An evaluation of the required dimensions of the human body and their
implementation into the simulation software used is also a possibility.
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Figure 4 Acquisition and evaluation process using 3D whole body scanner

After scanning of the employee with a whole body 3D scanner, it is possible to use the scan in the software for
simulation, e.g. of the work environment. An evaluation of the required dimensions of the human body and their
implementation into the simulation software used is also a possibility. In the study a TC2 NX16 whole body 3D
scanner was used to obtain a 3D model of the human body. The process of scanning and evaluation using the TC2
NX16 whole-body 3D scanner is depicted in the figure 4.

THE MODELLING OF A WORKPLACE IN THE PROGRAM PlantSimulation

In the introductory phase of modelling the workplace using the software support PlantSimulation, the setting of the
primary parameters of the model is necessary. In the introduction an input process (the Source) is selected, through
with which the object (a package) of the simulation is entered. The object subsequently proceeds along a line which
has the appropriate parameters set (length, speed of movement, time in which the object passes along the line,...).
The line ensures the movement of the object to the first process, called Classification, where the time needed for
performing the work is set. Subsequently another line is added with the necessary parameters. The workplaces need
to be added to the individual processes. The worker arrives from a circumscribed location. At the conclusion the
time of the simulation and the workers is started and set. With launch of the simulation workers appear for whom
individual attributes such as walking speed, efficiency, place of movement and others are already defined. The
model of the simulation is transferred into a three-dimensional image using 3D icons. The simulation is started and
stopped using Event Control (Fig. 5a) and the functionality of the system is monitored and potential deficiencies are
changed in 2D, which are then automatically changed in the 3D depiction.

THE MODELLING OF A WORKPLACE IN THE PROGRAM Tecnomatix JACK

In the Tecnomatix Jack program it is possible to identify risks following from work activities — in the given case the
risk following from linked to unfavourable physiological positions when handling loads. Another step for complex
digitalization of a work system is the modelling of work activities of the employee. Work movements are
subsequently assigned to the model and a simulation of work activities is created. The simulation serves for
visualisation of the work activities, for verification of the time needed to carry them out and as a foundation during
the training and preparing of employees for the given workplace.

In the virtual workplace it is possible to conduct different experiments, and this design is implemented into real
production, which is from the viewpoint of the defined conditions considered to be optimal. If the basic digital
model of the workplace with its primary functions is completed, an ergonomic study can be conducted at the
workplace. In the scope of ergonomic studies it is possible to evaluate the physical burden and working positions of
employees during work, to analyse the dimensions of the workplace and the activities that an employee performs
while working there and to carry out a time study of the workplace, etc. (Fig. 5b).
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Figure 5 Modeling of the workplace in Plan SIMULATION (a) and Tecnomatix Jack (b)

ANALYSIS IN THE WORK ENVIRONMENT AND USE OF
DATABASES

For evaluation and analysis of the physical loading of employees, the acknowledged European standards for the
evaluation of handling loads over 5kg NIOS (National Institute of Occupational Safety and Health) were used, as
well as the method for evaluating the cyclical repeating activities RULA (Rapid Upper Limb Assessment) and
OWAS analysis (Ovako Working postures Analysis System) for the evaluation of the relative discomfort of a
worker in work positions.

ANALYSIS OF A WORK LOAD - NIOSH

Loading on the most loaded part of the body is evaluated using the European standard NIOSH. The standard lists the
maximum weight of a load that a person can handle under the given conditions. If regular exceeding of the
recommended weight were to occur, this could lead to overloading of the spine and subsequently damage to it

(Fig.6).
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Figure 6 Load measurement using NIOSH standard
ANALYSIS OF A WORK POSITION - OWAS

Using OWAS analysis it is possible to evaluate the relative discomfort of a person in a working position, particularly
the position of the back, and the upper and lower limbs. This analysis is helpful with determining urgency regarding
the acceptance of corrective measures. Analysis of working positions according to OWAS is assessed using the four
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levels described in Table no. 1.

Table 1: Basic levels of evaluation of work positions according to OWAS

BOUNDARIES STATUS
1 Position of the body is normal; no corrective measure is required
2 The holding of the body could have a deleterious effect on the health of the person.

The holding of the body has deleterious effects on the health of the person; corrective measures
must be approved as soon as possible.

The holding of the body has a very deleterious impact on the health of the person; corrective
measures must be approved as soon as possible.

An analysis of the work position according to OWAS was performed in the basic work position of worker no. 1
(Figure 7a) on the left, near the green package, with the work activities of worker no. 2 (Fig. 7b) and likewise with
worker no. 3 when pulling the load in a bent over position (Fig. 7c).

Figure 7 Load measurement using OWAS analysis

The analysis in both workers analyses was demonstrated to be on level 1. The working position is normal and
natural. The loading of the movement system is favourable and no corrective measures are necessary. In the scope of
work activities of worker no. 3 the analysis performed obtained level 2. This indicates that the holding of the body
could have deleterious effects on the health of a person. Necessary corrective measures should be approved in the
foreseeable period.

Ergonomics In Design, Usability & Special Populations I (2022)

https://openaccess.cms-conferences.org/#/publications/book/978-1-4951-2106-7



Applied Human Factors and Ergonomics International AH FE a

International

ANALYSIS OF THE LOADING OF A WORKER - RULA

The results of Rula analysis are depicted in the Tecnomatix Jack program in a dialogue box, together with proposed
corrective measures. In the given case, the Rula analysis was again carried out in three cases. During the analysis
normal muscle load and a load in the range of 2-10 kg were used as input parameter for the upper limbs and wrists.
For the neck and torso input parameters of a static muscle load and a load in the range of 2-10 kg were used. Further,
helpful parameters, such as position in standing and without support of the legs and feet, were also used.

Figure 8 Results of RULS analysis for workers 1 (a) and 2 (b)

The results of analysis in the first case represented an overall score of 4 (Fig.8a) and in the second case an overall
point evaluation of 3(Fig. 8b). In both cases changes in working positions are required.
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Figure 9 Results of RULS analysis for worker 3

The results of analysis in the case of worker number 3 represented an overall score of 6. The result of the given
analysis speaks about the fact that immediate interventions are necessary in the form of corrective measures for the
work activities performed by worker number 3 (Fig. 9).

Unsuitable work conditions, overloading and affiliated complications lead to serious injury of the so-called
musculoskeletal disorder (MSD) by damage of the supporting-movement system. The majority of damage to the
supporting-movement system associated with work worsens over time and is caused either by the work itself or the
work environment of an employee. They can also be the consequences of accidents, for example a broken bone or
dislocation. Such damage usually disables the back, neck, shoulders and upper limbs; less often they can also disable
the lower limbs.

Health problems can be serious or lesser pain as well as more serious medical conditions requiring work leave and in
Ergonomics In Design, Usability & Special Populations I (2022)

https://openaccess.cms-conferences.org/#/publications/book/978-1-4951-2106-7



Applied Human Factors and Ergonomics International AH FE

International

the end even treatment. In chronic cases treatment and rehabilitation are often wanting — which can have as a
consequence permanent invalidity and a loss of employment. Many problems can be anticipated or markedly limited
by observing existing legal provisions in the area of occupational health and safety and by observing proper well-
established processes. In the following part of this section procedures and processes for performing the necessary
tasks in the scope of constantly improving and for the purpose of minimizing of risks associated with MSD will be
described.

One of the possibilities for minimizing MSD illnesses is the use of knowledge of applied ergonomic principles and
identification of the initial requirements. One possibility is the creation of an electronic database of employees
which will contain not only their basic characteristics but also a 3D model of each of them. This data is subsequently
possible to apply as an input for simulation of an already existing or newly opened work position.
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CONCLUSIONS

The article is a synthesis of information and knowledge presented through selected innovative instruments and
methodological processes based on a generic approach deriving from the requirements of STN ISO 9004: 2010 from
the field of ergonomically designed work systems. For sustaining competitiveness it has become an essential
condition to develop and support through strategic decision-making human resources having the required level of
knowledge and responsibilities for the achieved results. Thanks to appropriate integration, summarization of
knowledge, wise practices and other supporting methods, techniques and innovative technologies it is possible to
achieve permanent success. For introducing new products on the market the setting of new processes and approaches
is necessary. One of the possibilities is the implementation of software solutions for the simulation of the work
environment and the use of modern technologies in the form of 3D scanners.
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