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cializované robotické systémy“ pisomnou a interaktivnou multimedialnou formou pre
TU Zvolen, TnUAD Trenc¢in a STU Bratislava.

The paper is also aimed at contributing to the vision of the Agenda 21 and Lisbon
Strategy in the field of industrial pillars of sustainable development strategy at the STU
MTF research and pedagogical processes
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HCS MODEL 3E IN A VIRTUALLY CONTROLLED ROBOTIC
WORKPLACE - PRACTICAL APPLICATIONS

Agenda 21 is accepted as the development aimed at assuring the basic individual demands of
society without corrupting the environment and the ability of future generations to satisfy their own
demands. Suggested HCS model 3E is addressed to acquire financial means necessary for sustain-
able development process progress in the framework of ,, National strategy of sustainable develop-
ment of the Slovak Republic . This article brings an example of HCS model 3E principles applying
in a robot operators training virtual unit. The virtual development process presents an essential
condition for a successful origin of a new product or a workplace. The scientific project is a logical
continuation of the research activities of the interdisciplinary investigators group as well as it
represents the follow-on contractual scientific cooperation of university workplaces on an interna-
tional basis. The project concept is based on the sustainability of the HCS model 3E designed by us
and verified in practice.
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Introduction

Modern world has become increasingly globalized and interconnected. Although this
has encouraged the growth of science, art, and technology, it has also led to culture
clashes, the development and use of weapons of mass destruction, and increased envi-
ronmental destruction and pollution.

Scientists around the world have recognized that uncontrolled industrial processes
which are motivated only by economic benefits have begun to endanger life on our
planet. One of the most important recent problems is how to maintain such a quality of
environment allowing us not only to survive but to start and continue the process of “Sus-
tainable Development” insuring the quality of a human life for. This problem is the sub-
ject of international scientific conferences and is attracting greater interest from politi-
cians.

The idea of sustainable development is a new direction for human civilization in the
21% century which, when put into practice, can improve the quality of life for humans and
at the same time take responsibility to protect global common goods and natural re-
sources [1].

The question is how to acquire financial means necessary for sustainable development
process. It is clear, that grants and sponsoring do not represent the systematic solution of
this problem.

Here are two basic natural and systematic financial resources for sustainable devel-
opment:

o cffectiveness of technology (automation and mechanization);

o effectiveness of human work.

Solution only in technological terms has both technological and economic limitations.
In human work effectiveness achieving we distinguish approach differences depending
on the level of country social and economy development.

In many developing countries, attempts to maximize profits often include reduced
levels of occupational health care, lower salaries and higher work rates. However, in
most developed countries, increased profits are often obtained by increasing the effec-
tiveness of human work through application of ergonomic principles and preventive pro-
grams. In all cases, it is important to evaluate the health effects for the workers to obtain
a complete analysis of the true cost-benefit of various working conditions. Privatization
and the transformation of industry in Slovakia and in neighbouring countries of Central
and Eastern Europe began as a part of the process of its integration to the European Un-
ion. In the framework of the project solution “Transformation Industry in Slovakia
through Participatory Ergonomics” We proposed the model HCS 3E for this purpose.
This model represents an ergonomics process applied in industrial enterprises of developed
countries and is modified to specific conditions of transformation industry in Central and
Eastern European countries. We proved this model in 19 enterprises in Slovakia and we
continue in effort to implement this model to practice. We consider the application of an
automation industry as an area requiring high level of human work effectiveness and also
the application of HCS model 3E. The first step of this model application in the area of
automation was the project “Creation of virtual robotic laboratory for supporting teaching
the subject: Robots and manipulators“ in a newly accredited study program®

1. HCS 3E model and its applications

The HCS 3E model applies the ,,National strategy of sustainable development of the
Slovak Republic on the macro-level while simultaneously working on the enterprise mi-
cro-level (3E: Environmental Health, Ergonomics, and Economy). This model is focused
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on the effectiveness of human work and cost benefit [2; 3]. We suppose to use this model
as a tool for both, the revitalization of enterprises and acquisition of financial means for
sustainable development once at the time (fig. 1).
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Fig. 1. The model of HCS 3E contribution to sustainable development process, (micro-solution of
macro-problems) focused on producing necessary financial sources by human work effectiveness.

We are convinced that this model meets our requirements in both practical and scien-
tific areas and brings new stimuli to economic development in Slovakia and other
neighbouring countries that are in the process of adapting to the conditions in the Euro-
pean Community.

2. The implementation of HCS model 3E in a virtual technological workplace

The concept virtual HCS model 3E of a technological workplace is designed in the
phase of the project (Fig. 2). It allows designing the technology in real as well as it per-
mits the definition of the basic principles of the technological process control system [4].
There are 3 acceptable aspects (3E) of sustainable development:

1) environmental aspects — each of the technologies carry an environmental burden
which also reflects to the economic aspects because of the inevitable operational meas-
ures. The advantage of the proposed virtual technology application means that it is not
necessary to produce the model of a technological device, nor it is necessary to create the
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real technological workplace. By the production of the aforementioned devices, the envi-
ronmental impact is minimized;

2) economic aspects — there are few of them. They can be divided into partial groups
and subgroups. The most important aspects that have to be in the optimization of such
a technology, that are taken into consideration, are the investment costs (the amount of
finances related to the specific virtual equipment purchase) and operation costs ( techno-
logical devices, electricity consumption and other related costs) which can influence also
the decision making in a new technology purchase [5];

3) ergonomic aspects of virtual technologies — working conditions, lighting, noise,
protective clothing necessary for the operation of such a technology, etc.

At present the optimization is used and applied in different information systems ori-
ented to conventional technologies whereas the possibilities of virtual technologies are
neglected. The necessity of a computer-aided tool that will take these aspects into account
is vital in national as well as in European research. The issue is essential also for the top
European companies involved in the sub supply of reputated car factories.
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Fig. 2. Proposed laboratory computer workplace (A) with installed virtual robotic workplace
control training program applying requirements of HCS model 3E (B)

By the project investigation and implementation the following aspects from the view
of basic principles of a new paradigm will be fulfilled:

1) certain deviation from the principles of traditional rational paradigm followed by
the majority of organizations and schools in the past and still followed by several tradi-
tional ones;

2) in contrast to rational opinions, the supporters of the current paradigm of techno-
logical workplaces think, that the organization effectiveness is needed not only internally
but externally as well,

3) all faculty structures (organizational structure, study programs, organizational con-
trol, university control, etc.) are the organization reflections to the external changes;

4) current trend of teaching technical subjects has to be researched as
a socioeconomic and environmental system (HCS model 3E).

Designed virtual/real workplace reflects as well as accepts the aforementioned three
most important aspects of sustainable development - environmental, economic and ergo-
nomic aspects.
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4. Essential Investigation Process

In the first phase the project concept will be elaborated. The whole scope of works
and method of investigation will be defined:

1) to carry out collective investigators” brainstorming to identify the key terms and the
hierarchy of partial tasks/goals and their interfaces;

2) to carry out the analysis for partial tasks/goals in selected universities and compa-
nies in the Slovak Republic;

3) to generalize partial analysis conclusions;

4) to propose methods for partial tasks/goals:

a general model of a robotic workplace,

a method to investigate the control system of a laboratory robot,

a method of the effectiveness evaluation of the environment-friendly oriented work-
place at universities and companies,

possibilities of using the exact methods for teaching at universities,

an interface for the user program transfer and control.

In the second phase of the project investigation we suppose:

to verify related methods of individual tasks/goals at the Institute laboratory equip-
ment,

to carry out final corrections of the related methods,

to generalize the knowledge into final proposals of individual systems of control pro-
gramming and interface,

to process the synthetic final research report.

Upon project completion, the programming itself will be carried out with the pro-
gramming of all the needed functions so that there is no duplication and the application is
capable to simulate the industrial robot as well as the entire robotic workplace.

The final phase will be devoted to testing. After testing the application the virtual ap-
plication will be transformed into the real robotic workplace.

5. Animation application and interface

Animation as a significant part of the application illustrates the current state of all
units and parts of the robotic workplace. It is impressive not only by the manual control
but also by the data processing.

The animation will be carried out by the means of object oriented Microsoft visual C+
with the use of graphic library Open GL, both providing wide possibilities of the use of
a large number of orders and functions.

Library Open GL is compatible with Linux operation system and represents
a standard in 3D graphics.

Interface has to be compatible with the data processing generated from the virtual
scene, then transformed into the real environment of a robotic workplace [6].

6. Proposal of the boundary application

In the phase of the proposal of the boundary application, it is essential to define the
boundary between the application itself and the application user. The ergonomics of the
boundary application is an important point, i.e. the simpler the control the better. Another
important condition of an application control overview is represented by the smallest pos-
sible number of control units for the user.

In the simulation application of the virtual robotic workplace, there will be many con-
trol units but they will be arranged and implemented in such a way so that they are user
friendly.
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Fig. 3. An example of a virtual scene creation

Application control. 1t is necessary so that the application control is unified as a whole
and that there is one control unit per function. Individual control units will be called by
names or abbreviations and the control will be assisted by a helper.

7. Conclusion

By the project investigation and implementation, the following aspects from the view
of basic principles of a new paradigm will be met:

1) certain deviation from the principles of traditional rational paradigm followed by
the majority of organizations and schools in the past and still followed by several tradi-
tional ones.

2) in contrast with the rational opinion, the supporters of the current paradigm of tech-
nological workplaces think, that the organization effectiveness is needed not only inter-
nally but externally as well.

3) fll faculty structures (organizational structure, study programs, organizational con-
trol, university control, etc.) are the organization reflections to the external changes.

4) current trend of teaching technical subjects has to be researched as a socioeconomic
and environmental system represented also by our HCS model 3E, developed for transfor-
mation industry process based on University of lowa, USA experience.

We suppose the following focus of our research activities in the next time period.

Continuing in initiation of participatory ergonomics programs in as many enterprises
as possible in Slovakia and in countries of Central and Eastern Europe.

Analyzing obtained data and work on disseminating those results and experiences to
other enterprises in Slovakia and abroad.

Monitoring the progress of the ergonomics processes in all enterprises involved in this
project, conduct cost benefit analyses for the ergonomics program and work on rationali-
zation of an ergonomics process based on participatory approach model HCS 3E princi-
ples in Slovak Republic and neighbouring countries.

Applying of ergonomics in the process of development and operation of new effective
automated production systems.



172 ISSN 1813-7911. Humennekmyanvhvie cucmemsl 8 npousgoocmee. 2009. Ne 1(13)

Implementing of virtual technologies in increasing ergonomics, environmental and eco-
nomic preventive programs effectiveness. The implementation of virtual technologies in
personal management, training and education of employees seems tobe very promising.

Continuing in the study of theoretical and practical aspects of applying the HCS
model 3E of ergonomics program based on participatory approach principles. We already
initiated this process by running PhD programs oriented on:

General and enterprise specific form of Cost Benefit evaluation of ergonomics proc-
ess managed by HCS model 3E by CBA,

HCS model 3E and Balanced Score Card,

Expression of HCS model 3E process in general and enterprise specific form, describ-
ing its relation to enterprise processes,

General and enterprise specific form of ergonomics program,

Effectiveness of ergonomics programs based on HCS model 3E,

Refining of epidemiological methods in evaluation of health effects of occupational
disease preventive measures implemented in framework of ergonomics program based on
HCS model 3E.

Work on spreading of ergonomics programs throughout Slovakia and neighboring
countries by expanding personal and completing materials for the proposed ergonomics
laboratory as a part of Center of Strategic Studies according to the proposal submitted to
the scientific board of STU Bratislava, MtF.
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HCS-moaens 3E 1151 BUPTYaJIBLHOT0 KOHTPOJUPYEMOro padoyero Mecta — NpakTH4YecKoe
HCTOJIb30BaHNe

IInan 21 npunsm 6 xauecmge OCHOBHO20 O/isi 0DecneueHus OCHOGHbIX UHOUBUOYATbHBIX NO-
mpebrocmetl obuecmaa be3 HaHeceHus 8Peda OKPYACcaloujels cpeoe U 603MONCHOCHU OJisL OYOYUxX
NOKONIEHUll Y0081emeopamy ceou nompedbnocmu. Ilpednoxcennas modens Heobxoouma 011 NOxy-
YeHUsL OEHENCHBIX cpedcme Olisl nodobarowezo pazeumus 8 pamxax «Hayuonanvnoti cmpameauu
pazeumust Crosaykoti Pecnybauxuy. B 0annoti cmamve npusedenvl npumepbl UCHOIb3068AHUsL MO-
denu 8 GUPMYAIbHLIX OIOKAX CUMYAAYUU PAOOMbL pOOOMOS.

V]IK 615.47:616-073

O. I1. boeoan, MarucTpant
W>xeBckuil rocyJapCTBEHHbIH TEXHUYECKUN YHUBEPCUTET

BJIMSIHUE APTEDPAKTOB HA PE3YJIBTATBI VJIBTPA3SBYKOBbBIX
JOINUIEPOBCKUX NCCIIEAOBAHINU

Paccmompenwi ocnosnvie apmedaxmei, nosersowuecs npu yiompasgykosvix (Y3) oonnepos-
CKUX UCCIeO08AHUSX, KOMOPbIE UCKANCAIOM DXOZPAMMbL U MO2YM NPUSECMU K NOCMAHOGKe Hegep-
HO20 OUazHO3A, A MAKICe 603MONCHOCHb UX NPUMEHeHUsl 05l NOBbIUEeHUS. UHMOPMAMUEHOCIU
uccneoo8anuil.

Dxcnepumenmanvho ucciedosan apmepaxm Y3-oonnepoepaguu «nces0onomoxy, A6AsouuLi-
Csl, ¢ OOHOUL CMOPOHDBL, IONHCHBIM BbIAGIEHUEM KPOBOMOKA, € OPY20ll — 603MONACHOCbIO Ouddheper-
yuayuy HeOOHOPOOHBIX JICUOKOCMHBIX 0Opazosanuil. Paccmompensl 0CHOBHbIE NPUYUHbL €20 803~
HUKHOBEHUSL.

Beenenne

[TocnenHue HECKONBKO JIECATKOB JIET Y3-METObI MOJYYWIN HMIMPOKOE PacHpocTpa-
HEHHE B MEIMIIMHCKOHN TUarHocTuke. B HacTosImee BpeMst HOAXOAbI K ITOIYYEHHIO U aHa-
M3y MH(OpMAaIUK MOKHO Pa3JeNUTh Ha MCCIEA0BaHUs B ABYMEPHOM B-pexume u norm-
JIEpOBCKHE PEXHUMBI. Pa3BuTHe Y3-METOHOB MMArHOCTHUKH HAET B OCHOBHOM IO JABYM
HAalpaBJIeHUSIM: HapacTaHWE MOLTHOCTH U YIIy4IlIEHHE BH3YaTH3aLUH.

Kak m3BectHO, ¥Y3-m300paXkeHre NCKa)KEHO BCEBO3SMOXKHBIMH apTe(hakTaMi, YTO MOXKET
CTaTh TPUYMHOIN MOCTAHOBKHM HENPAaBUIIBHOTO JWarHo3a. V3ydeHHio (U3MKH MOSBICHUS
apTe(aKkToB HE yIENSIOCh OONBIIOr0 BHUMAHHUE, T. K. U YCTpaHEHUS OONBIIMHCTBA W3
HHX JIOCTaTOYHO U3MEHHTH YToJl BBOJIA YIbTPa3BYyKa MM IUIOCKOCTh CKAHMPOBaHUs. Takke
pa3pabaThIBatOTCS HOBBIE METOIBI 0OpaOOTKH CHTHAJIOB, MO3BOJIIIONINE CHU3UTH TOSBIIC-
Hue apredakToB. KommiekcHoe Y3-uccieoBaHNe C UCMONB30BAHUEM HECKOJIBKHX PEXH-
MOB TOBBIIAECT WH(OPMATUBHOCTh IUATHOCTHKH M TIO3BOJISIET YMCHBIIUTH KOJIHIECTBO
BO3HHUKalomuX apredaxroB. HecMoTpst Ha mocTikeHHst B oOnacTu pa3paboTku Y 3-auar-
HOCTHYECKOW ammmapaTypbl, HE ymaeTcs M30aBUTBCS OT MPHCYTCTBHSA apTedakToB B Y3-
n300pakeHHH, U Aaxke 0OHapy>KMBAIOTCSl HOBBIE, paHee Hen3BecTHbIE [ 1].

Llenpto maHHON PAaOOTHI SIBISIETCS H3ydeHHE apTe(haKkTOB, MOSBIISIOIINXCS IPH AOTLIE-
POBCKOM CKaHHPOBAHUHU U O0YCIOBJICHHBIX B3aUMOJICHCTBHEM Y 3-ITydya CO CpeloH, B KO-
TOPOH OH PacIpPOCTpPaHSETCH.

YabsTpa3BykoBasi Jonjieporpadus
V3-pomneporpadus — HHGOPMATUBHBIA METOJ| JUAarHOCTUKH 3a00JI€BaHUSA COCYHOB U
00OHapy»KeHHsI MaTOJIOTHUi B ABIKYIINXCS CTPYKTypax (Harmpumep, KanaHsl cepana) [4].
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