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Ella, marker, simulation, camera

Jan BAJANA®, Martin KRAJCOVIC ™

MOBILE ROBOT CONTROL BASED ON MARKER
DETECTION

Abstract
The main goal of this article is to describe a software solution focused for mobile
robot navigation based on visual AR Marker detection in the image. The primary
output of the work is a working application based on Ella software platform.
Most of the development and testing was performed in virtual environment.

1. INTRODUCTION

Processing image information isn't confined to capture visual information nowadays. After
capturing image may be followed further processing of the image pixels which aim will be to
modification that may prevent recognition of scanned objects. My idea is try to use a
augmented reality marker to the precise location of the position in space and the obtained
information used for mobile robot navigation. The solution is designed in virtual reality and
next tested on a physical robot prototype.

Possibilities of using virtual reality and simulation give us many advantages in the design
of algorithms and control systems. In virtual reality we can propose and test our control system
without having to work with a physical device.

2. MOBILE ROBOT NAVIGATION BASED ON MARKER
DETECTION

2.1 Augmented reality and marker

Augmented reality is a direct or an indirect physical insight into the real environment,
whose elements are augmented by new sensory inputs generated by a computer. View of
reality is modified on the computer and enhanced with new knowledge. This technology allows
us to enhance the perception of reality that is seen. The most common element to calculate the
position of virtual objects in augmented reality systems is a visual marker.

In general visual marker represents two-dimensional tags that carry within themselves some
information. One field of application is industrial systems where marker is intended to identify

" Ing. Jan Bajana: ZU, SjF, KPI, jan.bajana@fstroj.uniza.sk
™ doc. Ing. Martin Krajovi¢, PhD: ZU, SjF, KPI, krajcoviem@fstroj.utc.sk
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of different parts or contain control information such as traffic information (MaxiCode,
DataMAtrix, OR Code) [2].

Another area is system where the marker is used to determine the position, such as
augmented reality (AR Marker)

Fig. 1. Our intention is to test the possibility of using AR markers for mobile robot
navigation.

Fig. 1. AR marker

2.2 Navigation

There are many systems for navigation and robot control. One of the existing systems is an
AGYV mobile robot that is navigated by magnetic tape affixed to the ground and control by a
RFID tags. It is the product solution from CEIT SK, see

Fig. 2. I propose attempts under certain conditions some components removed and replaced
to the visual marks, after locate of this mark robot can be navigated in an unfamiliar
environment. Robot will be monitor the area around through cameras where will look familiar
markers and navigate accordingly through the proposed algorithm.

Fig. 2.AGV mobile robot. Virtual model.

2.3. Robot and computer subsystem

Robotics is one of the most advanced sciences. To cope with this discipline is necessary to
have knowledge of many fields of science. Robots of different types and forms now have an
irreplaceable role in almost every area of manufacturing and non-manufacturing processes. The



InvEnt 2013

biggest advantage of using robots is their sedulity, performance, accuracy, speed and ability to
be employed in environments that are dangerous for humans, harmful or unavailable [1].

In our application was used tracked mobile robot, composed of 6 wheels, which encircle the
4 bands. It was designed for use in outdoor and indoor environments. Front lifting the arms are
adapted to move the stairs, where necessary high stability. This robot type is controlled by
skidding. Because the movement is control by skidding, it is practically impossible to use light
odometry (relative position calculated by the movement), instead it is necessary to use other
methods of self-localization. Therefore, using this type of chassis mainly for special
applications where for example it required terrain

Fig. 3.

Fig. 3. Physical prototype tracked robot.

Robot control is based on three layers of hierarchical according to the degree of dependence
see Tab. 1. The first layer provides engines movement. This layer contains the controller and
firmware, which receives control signals from the second layer and next creates a physical
signal for the motors. This layer forms a subsystem of the robot and it is independent of the
superior layers. The second layer comprises a control system for robot navigation. Receive
information from the third layer which process, evaluation and results send to the slave layer to
final processing. The third layer provides communication with the environment through the
camera. The second and the third layer consists a computer subsystem, which communicates
with the robot subsystem through an industrial radio frequency interface XBee. The software
has been implemented in Ella platform.

Tab. 1.Robot control three layers hierarchy.

Third Layer Communication with the environment
Camera device.

Second Layer | Control system
Computer and software including detection and control algorithms
implemented in the Ella platform.

First Layer Controller, firmware
Circuit board with the controller (microcontroller) with installed firmware.

Electric motor
2 electric servo motors.

10
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3. IMPLEMENTATION IN ELLA PLATFORM

Ella is an industrial software platform for complex graphics systems, developed to design
robotic control systems, physical simulation, logistics systems and industrial buildings. The
whole control system is based on a modular architecture, which is a fundamental and integral
part of the platform Ella. My task was to program a set of functional modules, which together
will form a software solution for image processing from the camera and robot navigation.

3.1 Simulation

For designing and testing we used simulation in virtual environment in Ella platform.
Possibilities of using virtual reality in the design of control systems bring us any benefits. In
virtual reality we can design and test our algorithms and the control system without having to
work with a physical device, which can reduce the time requirements of the proposal. Here we
used the 4GV mobile robot model from CEIT SK company which through camera capture the
surrounding environment and looking for marker.

Fig. 4. Simulation two AGV robots in the industrial build.

There are two mobile robots in the hall. The first robot has AR Marker on the back. This
robot is control by using the keyboard. The second robot has mounted virtual camera on his
upper through which picks up the ambient environment. The image is processing detection
algorithm after captured. After the marker is detected, the robot is navigating using the control
algorithm. Next the control system has been tested on a physical robot prototype.

This article was prepared by within the grant project VEGA 1/0583/12 named as
Interactive projection system for production and logistics systems based on immersive
technologies (SIPIT).

References

[1] ZAHORCAK, G.: Kragajuci robot. Diploma thesis, Kogice
[2] HIRZER, D.: Marker Detection for Augmented Reality Application, Austria, 2008

11



InvEnt 2013

Ergonomics, Ergonomic layout of the workplace, Risk assessment

Miroslava BARTANUSOVA®, Frantisek KALL™

ERGONOMICS IN THE WORKPLACE

Abstract
The intention of this article is to provide the reader with information about
ergonomics in order to extend his horizon. “Ergonomics applies information
about human behavior, abilities, limitations, and other characteristics related to
tools, machinery, obligations, jobs and the environment, so as to ensure their
productive, safe, comfortable and effective human use” (McCormick a Saunders,
1993).

1. THE IMPORTANCE OF ERGONOMICS IN THE WORKPLACE

The aim of ergonomics is to ensure maximum productivity with minimal cost. In the
workplace there are also obligations that exceed the possibilities of the workforce, although
their occurrence is less frequent. It can be work with the specific tasks which require more
effort or work can not be performed continuously for a long time. With the application of
ergonomic principles, people should be able to perform the job with minimal risk of injury.

The primary aim of ergonomics is in this case the draft the work activities that meets the
employee that takes into account their capabilities and limitations. In defining the appropriate
requirements for a job, which takes into account the ability of the staff, it is necessary to reduce
the risks of musculoskeletal system during handling.

Proactive ergonomics emphasizes prevention related musculoskeletal disorders through
anticipating, identifying and reducing risk factors while still in the planning stages of new
systems of work or workplaces. In fact, it is about the design of operations, to ensure the
correct selection and use of tools, working methods, layout and materials, which are stored
without undue stress and strain on an employee. Increased costs are in many cases made
primarily for the processing or treatment in employment processes, so it is more efficient to use
these costs still at the design stage and reducing risk factors.

A proactive approach to ergonomics ensures that:
- employees will be trained and will have information and instructions relating to the

reduction of risks in the workplace,
- new working practices should include ergonomic principles, which help to reduce or
eliminate risk,

* Ing. Miroslava Bartanusova, KPI, SjF, ZU; e-mail: miroslava.bartanusova@fstroj.uniza.sk
** Ing. Frantidek Kall, KPI, SjF, ZU; e-mail: frantisek kall@fstroj.uniza.sk
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- the arrangement of the workplace in order to allow easy access for mechanical
equipment where necessary and eliminating unnecessary lifting during operation.
1.1. Ergonomic principles that contribute to the layout of the workplace

The main aim of the design workplace is the propose for the greatest number of employees
and at the same time bear in understanding of ergonomic principles on posture and movement
of employees in the workplace. They play a central role in providing safety, health and comfort
in the workplace.

For proper posture and movement of the employee at work will be defined the role and
place of work, taking into account the fact that the muscles, ligaments and joints are
continually involved in the process of holding the body. Muscles provide strength, which is
needed to keep the position or carry out movement. Improper posture and movement can
contribute to the weakening of the muscles, ligaments and joints, which leads to the load on the
back, shoulders, wrists, neck and other parts of the skeletal system. Ergonomic principles
provide us with opportunities for optimization tasks in the workplace.

2. RISK ASSESSMENT

Risk assessment is a process that involves the acquisition of relevant details about the activity
carried out, information about the risk factors and the presence of danger, in this case, if there is one.
It is necessary to examine what options and solutions available to reduce or eliminate risk factors
and subsequent definition of a plan for the implementation of the proposed control measures. There
are a number of steps to risk assessment in the evaluation process and those briefly I describe below.

Step 1: Identify the activities that need to be considered

A list should be drawn up of all the tasks that are carried out at the place where it is a key part
of the role of manual manipulation.

Step 2: Developing a program for risk assessment

It is necessary to define what tasks will be assessed and where the assessment will take place.
The involvement of employees in the planning and implementation of the process of risk assessment
can be an important step to increase the probability of success of the process.
Step 3: The risk assessment process.

There are several key steps that can be used in step 3 and briefly I describe them below.
a) Observation and description. The aim of this phase is to get detailed information about how the
task is performed and to identify activities which will contribute to the completion of the overall
completion of the job.
b) Collection of data. Form for a risk assessment should include sufficient information on the role

of technical and general information. Examples of technical information might include information
about the weight of the object, load, noise and others.

13
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c¢) Identification of risk factors. Part of the risk assessment process should be drawn up plan to
regulate the adverse ergonomic conditions or risk factors. Based on ergonomic survey, which was
conducted in Ireland has been defined several factors that contribute to the development of disorders
of the musculoskeletal system, including a back injury. Tasks that require an increased effort to put
a greater strain on the muscles, tendons and joints. Increase of expended strength means an increase
in body strength requirements.

The wrong attitude. The position of the joints and muscles of the human body, which is
defined for use in work activities. Greater emphasis is placed on the spinal vertebrae when lifting,
lowering or handling objects is the rear part of the back bent. Activities that require frequent and
prolonged work through the arm, can be stressful for the employee and to the detriment of his
health.

Increased effort. Tasks that require an increased effort put a greater strain on the muscles,
tendons and joints. The mass of the object which is to be raised, the amount of which shall be raised
to and the frequency of stroke are the factors that influence the level of effort on the muscles and
joints. There are guidelines, which take into account weight, frequency and location of the object
and thus are a means to search for activities in which there may be risks for the employee. When
using the principles of the weight, which are shown in Fig.1. should take into account the type of
work activity. Then it would be to propose improvements, in order to prevent or at least reduce the
occurrence of risks. Other factors to be considered are frequency, individual skills, his posture and
work environment.

Shoulder height
Shoulder height

=== Elbow height
Elbow height '——

Knuckle height Knuckle height

Mid lower leg height

Mid lower leg height

Fig.1. Principles of weight

When the prescribed weight in Fig. 1 is necessary to assume that the object can be easily
grasped with both hands. Indicative weights are defined for a few common operations and to 30
operations per hour. A further condition is that the pace of work is not compulsory and for the
employee are given adequate rest breaks. In the case of more frequent operations is necessary to
reduce weight and repeating it as follows:

Tab.1. Table informing about reducing weight depending on the frequency of operation

A maximum of two times per minut. 30
A maximum of eight times per minut. 50
More than twelve times per minute 80

14
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If the movements are repeated frequently (every few seconds), and for a long time, fatigue and
muscle tension can accumulate. The negative effects of repeated movements, during which they
performed the same activity are raised in this case, if an employee has an unnatural posture.

Step 4: Design solutions and action plan

Risk factors that may arise during the implementation of activities should be documented and
should be outlined as well as the evidence of each risk factor. Creation solutions can be defined as
the process of eliminating or reducing risk factors. On its creation should involve the employer in
cooperation with employees. The reasons for the application of control measures should be
documented and must also be defined as the control measures proposed eliminating or limiting the
risk of injury. The introduction of any control measures, whether in the form of mechanical support
or new organization of work is the introduction of the new system work. That is what should ensure
that all new hazards are identified and controlled.

Step 5: Research effectiveness of control measures

Defining of the effectiveness of control measures, means the determination of the extent to
which control measures be eliminated or reduced the risk of injury.

2. CONCLUSION

To create such a work space that would meet the demands and needs of all pages of the
employee in the workplace this is a very difficult process. It requires in addition to technical
knowledge also knowledge of ergonomics. Knowledge of ergonomics is not enough just to
have in mind, but to apply them into practice. If the workspace is better suited for the job the
employee, then the higher productivity of his work and reduce the burden on the body.

References
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Modern ergonomics, Cumulative trauma disorders, Ergonomic prevention programs

Miroslava BARTANUSOVA®, Cuboslav DULINA ™

ERGONOMIC PROGRAMS AND THEIR APPLICATION IN
MODERN ERGONOMICS

Abstract
On the basis of practical experience, it is possible to point out the fact that
addressing the issues of ergonomics helps to humanizing the work, optimizing
the working conditions and thus to the growth of productivity and quality of
work.. With the use of ergonomic programs can ensure the effectiveness of each
element of the work process.

1. MODERN ERGONOMICS

For practical reasons, began to apply the division of ergonomics to mikroergonomics and
makroergonomics.This division is not yet fully enforced and applied in Slovakia. As stated
Hatiar, makroergonomics includes understanding of ergonomics as a whole.I n the context of
the development of new solutions it focuses mainly on equipment and systems.In their
creation, we should start with the implementation of the legislation and to use such data as
accurately characterize the population for which they are intended to be a solution.It is
therefore a proactive approach.

Microergonomics is trying to solve the problems in enterprises in a systematic way.In the
context of ergonomic programs through ergonomic analyses and methods of trying to uncover
the negative impact factors of work and working environment for employees.In particular, the
effort to eliminate difficulties associated with musculoskeletal system that identifies
deficiencies in terms of workplace ergonomics.The aim of mikroergonomics is to remove
difficulties, thus achieve a positive impact on the health of workers and also bring the benefits
of cost(Hatiar).

1.1. Ergonomic prevention programs

Working conditions are people working in enterprises tailored to only in exceptional
cases.Currently, against improving conditions in the workplace are the people themselves due
to fear of withdrawal risk premiums and the fear of losing their job.

From a practical standpoint, we can consider ergonomics for science, which seeks to ensure
the human comfort and at the same time bring benefits to the enterprise. When the requirements

* Ing. Miroslava Bartanusova, KPI, SjF, ZU; e-mail: miroslava.bartanusova@fstroj.uniza.sk
** doc. Ing. Cuboslav Dulina, PhD., KPL, SjF, ZU; e-mail: luboslav.dulina@fstroj.uniza.sk
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of the workplace or the workplace is higher than the physical skills of an employee, the result
is often musculoskeletal disorders (MSD).MSD are also known in the context of other names:
- CTDs (cumulative trauma disorders),

- RSIs (repetitive stress or repetitive strain injuries ),
- RMiIs (repetitive motion injuries).

The most commonly used name for the MSD is cumulative trauma disorders (CTDs).These
belong to the group of diseases from wear and tear injuries, which may have an effect on the
muscles, nerves, tendons, joints, blood vessels, spine, and other effects.

1.2. The application of ergonomic programs in Slovakia

Enterprises in Slovakia adapt the working environment and production facilities to man
only in very few cases.They focus in particular, to meet the requirements of current the
legislation, pursuing the supervisory authorities, public health authorities and institutions of
OSHA. Application of ergonomic preventive programs in companies would bring more
effective ergonomic human labor, as well as economic benefits.Their use should be especially
useful for their anti-crisis potential.

The application of ergonomic prevention programs to Slovakia is only used in such a if
does not turn out well control of the labor inspectorate or hygiene and it is needed to
implement control measures.When the check finishes, it finishes the use of ergonomic
programs.In some cases, there is a large percentage of the difficulties of musculoskeletal
system that are caused by the implementation of demanding work.It is also a major employers
in Slovakia and, therefore, the state authorities in solving this problem not placed from its own
interests.

Slovak companies are trying to introduce ergonomic programs, but not to a sufficient
degree.Doctors in the company who would regularly monitor the impact of the working
environment on human health of businesses have gone and replaced them in occupational
health services.Therefore, efforts to introduce ergonomic prevention programs remained only
on safety technicians, who, however, in particular dealing with safety at work.

1.3. Ergonomic prevention programs and their objectives

The main objective of ergonomic programs is to provide a safe and healthy workplace for
all employees.They should be incorporated into any undertaking in writing. This record should
document the identification, prevention and control of employees from the perspective of
ergonomic risk factors.It should be the result of the cooperation of all employees. For the
implementation of ergonomic program should be responsible coordinator, who should be
responsible for program implementation, its management and maintenance of required
records.

The purpose of ergonomic programs is to apply the principles of ergonomics in the
workplace with the effort to reduce the number and severity of MSDs.This would reduce the
cost of sick leave employees and an increase in productivity and quality.A proactive approach
to ergonomic programs focuses on removing risks that have been identified, also the
incorporation of ergonomics into the design phase of a new device or process to purchase and
planning changes.

17
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1.4. Components of the ergonomic programs

Management control. Management should undertake to use ergonomics in the process.It
would be financially and non-financially support of coordinator of the ergonomic program,
which identifies and controls the ergonomic risk factors.Management should encourage of
effective reporting, immediately respond to messages and communicate with employees about
the program.

The involvement of employees. An essential step for the ergonomic program has been
successful are employees.They should be asked to assist in the identification of ergonomic risk
factors in the at a workshop assessing, when carrying out controls and training. Employee
participation should be only in the framework of working time.

Identification of the risk of work. Ergonomic programs should be part of the collect data
to identify injury and disease arising in the workplace.It may be a case of active or passive data
collection.An example of the passive collection may be record keeping, which takes into
account the already existing data (the cost of the indemnity to staff, treatments in health
facilities, records of absence).Active data collection using observation, interviews, surveys,
questionnaires, checklists for identifying and assessing risk factors.It is advisable to use both
methods of data collection.

Evaluation of the workplace. It is necessary to establish triggers for the evaluation
offices in the cases listed below:

- if the employee observes a sign or symptom of MSDs,

- at work, work processes and work activities, which have been identified ergonomic,

risk factors that can cause or exacerbate MSD,

- in the event of any changes to jobs, tasks, tools, processes or changes in hours of work
changes (e.g. from 5 working days after 8 hours on a narrow 4 working days after 10
hours to change),

- in the case where, through a survey or inspection will reveal a potential risk of MSDs.

The setting of priorities. Assessment of the work will be planned on the basis of the
following data:

- at each job, process, operation, which contributed to the fact that a worker currently
emerging problems with MSD,
- specific work processes, operations, or workplaces that have the potential to cause
MSDs.
Evaluation of work of employees. For the evaluation of problem employees can be used
a variety of methods such as walk and observation, interviews with employees, surveys and
questionnaires, checklists or evaluation directly on a workshop.
Control of ergonomic risk factors. The company should take steps to identify ergonomic
risk factors and reduce the risk of using a three-stage hierarchical control (in this order):

1. Technical control. Suitable and reliable way to reduce the risk of workplace exposure
to potential harmful effects.This can be achieved by focusing on the physical
adaptations of workplaces, tools, equipment or processes.

2. Administrative control. Preventing workplace exposure to potential harmful effects
by implementing administrative changes.Example can be a rotation, job enlargement,
rest breaks and the use, modification pace of work and worker training.

3. Personal protective equipment (PPE). We can consider it as an effective means of
controlling risks.

18



InvEnt 2013

Training. The training is designed to enhance the skills of managers, executives and other
employees. The aim is to realize and understand the work being carried out and ergonomic risk
factors and implement appropriate control measures. Training for recognize and control
ergonomic risk factors shall be determined as follows:

- for all new employees during their training,

- for all employees, provided that they carry out a new task,

- when introducing new jobs, tasks, tools, equipment, workplaces or processes,

- to identify ergonomic risk factors.

Medical treatment. The company should provide health care to all employees injured
during work. They should maintain good working relationships with health care providers. All
accidents at work and occupational diseases should be recorded in written form and they are
pursued. In the event of an accident or sickness the employee will be provided to health care
and to the following procedure:

- for employee shall be granted a medical diagnosis and treatment,

- determine whether the reported MSD symptoms associated with the work,

- create a positive working relationship with employees through compensation,

- he company should facilitate the return to work of employees after injury recovery.

The evaluation program. In order to solve the existing problems and not create a new,
should be carried out continuously monitoring and evaluation. They should be used individual
interviews and checklists.
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SEQUENCE FOR COST REDUCTION OF THE
MANUFACTURING SYSTEM ENERGY PERFORMANCE

Abstract
The development and deployment of new energy technologies is essential for
security of supply, sustainability and competitiveness of the sector. Energy
related research has contributed strongly to energy efficiency (e.g. in car
engines) and to energy diversity through renewable energy sources. Magnitude
of the challenges that lie ahead, however, requires extra effort. Long-term
commitment is necessary.

1. REQUIREMENT ON ENERGY EFFICIENCY

The success of manufacturing companies in the current market economy is conditioned by
the ability to succeed in competition. In particular, company have to deliver the product in a
shorter time, better quality, required quantity, to the desired location, and lower costs than its
competitors. Knowledge of the factors that affects ability to compete is a prerequisite for the
development of effective corporate management strategy.

Reducing energy consumption has recently become one of the cornerstones of sustainable
business development and therefore deserves appropriate attention. Attention should be paid to
the MoE SR. 429/2009 Z. z. which establishing a procedure for carrying out energy audits, and
especially to Directive of the European Parliament and the Council 2012/27eu about energy
efficiency.

Energy costs negatively affect the amount of company profits. For their effective use and
reduction can be used in the field of energy management following steps:

Measurement of consumption.
Modification of the installation.
Monitoring of consumption.
Automatic consumption control.
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In order to gain the greatest benefits, the company must focus on finding opportunities in
all areas of energy related costs: fixed, variant and special. This requires a complete timeline of
energy consumption across the company.

o Measure Energy audit
and metering

Active Energy Efficiency

Monitor,
maintain,

Optimize through
automation and

regulatoin improve
Lower-consumption Building management, Metering, monitoring
devices, insulation material, power management, motor and consulting services,
power factor correction control, lighting control EE analysis software

Fig. 1. Cycle of continuous improvement in energy efficiency

New energy management technologies provide the relevant economic information that can
be used as a basis for decision making.

2. ENERGY CONSUMPTION MONITORING

Energy costs are rising, form a significant part of the company operation costs. It is
important to effort to reduce energy consumption while rising efficiency of its use. Therefore,
energy consumption monitoring is of high importance, what is caused following reasons:

1. Economic reasons: Spending on austerity measures start to save costs immediately.
Savings will accrue throughout the life of building or device that was target of investment.

2. Ecological reasons: Reducing energy consumption reduce the need for energy production
and distribution, which often means major environmental benefits such as natural resources
saving and pollution remediation.

3. Strategic reasons: Increasing energy efficiency supports the local economy and can create
new jobs. As far as possible, to implement austerity measures (eg insulation of buildings)
should be used local businesses and people. Obtained financial savings would be used for
general purpose, such as financing of other actions that will strengthen the energy stability.
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Energy consumption monitoring (Fig. 2) is necessary especially in terms of the decision
making for:

e Modern technology using,

e improving the thermo-technical and operational properties of buildings and equipment,

e changes in the behavior of their users (e.g. by streamlining the organization of work, more
appropriate placement of workstations, using methods of industrial engineering).

10l
T

Fig. 2 Devices for monitoring energy consumption

3. SEQUENCE OF ENERGY PERFORMANCE COST REDUCTION

Basis for determining potential energy savings are energy audits which are also an
important tool to assess the potential savings in the company. They should be a prerequisite for
implementing energy saving measures. Energy efficiency law established duty to regular
(every five years) evaluates energy demand service in the industry. That requires action plan of
energy efficiency and post of reducing energy cost (Fig. 3).

Potential to improve the energy efficiency of industrial technologies in particular at the
field of electric motors, pumps, fans and heating systems, implementation of energy
management, but also more efficient light sources, which consume up to 30% of the energy in
industry in the Slovak Republic. The energy efficiency directive contains proposals for
increasing awareness of the benefits which results from increased energy efficiency (EE) in the
industry.

The output and benefit of mentioned method are: agreement adjustment for the purchase of
energy carriers, compliance with the terms of energy consumption, monitoring and reporting of
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real consumptions depending on the production and on the basis of their interventions to
operation and automatic control of energy consumption.
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Fig. 3. Sequence of cost reduction of energy intensity of the production system

This article was prepared by within the project VEGA 1/0701/12 Vyskum v oblasti vyuzitia
nizkondkladovej — automatizacie a umelej inteligencie v  procese  tvorby
stereoskopického zaznamu.
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INFORMATION SUPPORT OF INTELLIGENT
MANUFACTURING SYSTEM ON THE BASE OF
KNOWLEDGE

Abstract

The increasing demand for knowledge in the creation of of complex sophisticated
systems will require the development of new methods for the easy collection,
storage and use of the latest knowledge (knowledge engineering). The Intelligent
Manufacturing System is a socio - technical system with autonomous ability to
identify systemic change in their causes and lessons learned used for learning,
adaptation and reaction to any changes in the surroundings manner similar to
how a person reacts.

1. CHARACTERISTICS OF PRODUCTION SYSTEMS

Generally, the basic characteristics of the production system are flexibility and reliability.
These are intended on degree of resistance and adaptability of the system to changes that result
from the activities of its reliability and production elements of the program but number and
type of elements of the system remains unchanged.

It will be better understanding from these perspectives:

o structural and technological flexibility,

e capacity and social stability.

Technological flexibility reflects the ability of a system and manner of the
implementation elements and realization varying requirements of technological processes in
the production program.

On other side structural flexibility reflects the ability of the system (not just its elements) to
do transformation with a different sequence of technological operations or operations sorting
and storage.

In case the elements of the production system capacity to meet the requirements of capacity
swaying quantity and product range which means that the system capacity is firm.

Socially stable system is such a production system that creates jobs and does not constitute
cause staff turnover and the treatment of which would have lead to additional investments or to
an increase in labor costs (eg due to increases risk for workplace noise, dust, etc.).
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A stable system is characteristic of system about returning to a steady state or regime after its
disruption by certain external and internal influences or considerations. Some systems can have
several states of stable equilibrium.

The flexibility of the production system has been understood in two dimensions:
technological and structural. Technological work plane is focused on seeking solutions issues
such as transfer of work piece through technological workplace.

Structural work plane deals with transfer work piece over the entire production system.

If we are increase the variability in the manufacturing process, we have to increase the
requirements on flexibility equipment too (For example: features, tools, jigs, readjustment of
machinery and so on.), materials and components in the stock, people management.

For better illustration to increase productivity means to increase the amount of output work
pieces, reduce input costs which add value to the product, reduce wasted space, materials, time,
resources and capacity.

Production system should be divided into external and internal subsystem. The external
subsystem includes activities aimed at preparing and supporting processes. The inner
subsystem taking place at technological processes under conditions that were identified
external subsystem.

2. ARTIFICIAL INTELLIGENCE

The theory of artificial intelligence to determine the objectives (what we would expect from
an intelligent system) and looking across disciplines available solutions that tend to simulate
diagrams of human behavior, evaluation and analysis of environmental suggestions or creative
activity.

Apposite working-out of artificial intelligence and understanding of the distribution of the
various definitions make [2], they are differentiated two dimensions:

whether evaluated thought processes. Judgement on the one handor behavior on the other side
» whether they are evaluated as a success by similarity to human action or the perfect idea of
intelligence - the so-called. prudence. The system is sensible, if doing the right thing.
e Whether is evaluated the thought process. The reasoning on the one hand or behavior
on the other side
e If success is evaluated by similarity to human action or by perfect idea of intelligence
- the so-called. sensible. The system is sensible if it is doing the right thing.

Field of artificial intelligence

For solving the problems of artificial intelligence and intelligent manufacturing systems are
making experiment with different algorithms, tools, methods and their combinations, which
include:
e semantic network,
production rule,
expert systems,
neural networks,
fuzzy logic,
machine learning theory (machine learning),
genetic algorithms and others.
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2. KNOWLEDGE ENGINEERING

Knowledge Engineering (Knowledge Engineering) can currently be regarded as a real
engineering discipline aimed at supporting the practical applications of theoretical and
experimental results of academic artificial intelligence [3]. The range of possibilities of
computer knowledge is conditional upon to what extent we are able to provide a suitable
conceptual system to describe the problem and on the form which is represented by using
symbols. The mission of knowledge-based systems is make to assist in solving problems for
them even though we do not know solving algorithmic procedures but we are solvable using
productive methods utilizing knowledge.

Expert systems are knowledge-based systems to solve technical problems. These systems are
based on special knowledge not on the general knowledge.

Expert systems are given the special character of expertise and they are considered for subclass
of knowledge-based systems

Their specificity consists in the fact that there we can use the knowledge and solving
procedures which were created by experts in their profession. So expert systems are created to
solve problems which are usually delegate to experts.

Part of the "intelligence" expert system is its ability to explain and justify their solving
procedures based on the knowledge. This is an important feature that allows the user of expert
system to assess the level of expertise embodied system and on this base, to identify the
solution possibly modify it or reject it.

When could help us knowledge and expert system?

This is in cases if may answer positively at least some of the following questions:
1) Is there hardly substitutable specialist in the company - holders of know-how who is

independent for the production?

2) Are there specialists whose company needs not so much and those employed who are
constantly overloading by work responsibilities?

3) Is there difficulty with compliance technology discipline even if the workers are responsible
approach to their duties?

4) Is it possible that the company has reduced consumption the inputs.

(Eliminate the creation of downtime, non-conforming products should be managed accurately
observe operational discipline)

5) Are there a hazardous operation?
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3. DATABASE FOR SUPPORT INTELLIGENT MANUFACTURING
SYSTEM

The most appropriate but also the most expensive way is to automatically collect and evaluate
data on the exact behavior of the production facilities. In this way it is possible to record all
downtime.

Companies which have implemented automatic data collection system from the production
process shall avoid of errors made by the worker since such systems work automatically and
almost with zero involvement of the human factor.

The company determines itself which data should be collected in the depth and what is
important to evaluate and subsequently visualized.

Machine operator need not write out unnecessarily various forms for data collection, the error
process of production, confusions, downtimes, failures of the process etc.

Benefits of automatic data collection from the manufacturing process:
e zero participation operator writing,
automatic collection of all relevant data,
store data into databases,
immediate evaluation,
the possibility of immediate response to occurrence of abnormality, disorder
low risk of errors,
to create facts and knowledges.

Disadvantages of automatic data collection from the manufacturing process:
e financially and time more demanding solution,
e technical difficulty of construction
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Fig. 1. Automatic data collection
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ANALYSIS OF WORKING POSTURES DURING THE
WORK USING OWAS METHOD, STATIC STRENGHT
PREDICTION AND LOW BACK ANALYSIS

Abstract

This article deals with evaluation of position and workload during execution of
work task method OWAS, Static Strength prediction and Low Back Analysis
Musculoskeletal injuries as a result of physical activity usually have common
origin, overload of bodily structures such as joints, tendons, ligaments and
muscles. Congestion results from repeated motion or too unnatural posture.
Work analysis was done in company producing plastic moldings on production
facilities - ARBURG. Experimental verification methods was performed using
software module Tecnomatix Jack.

1. INTRODUCTION

Continuous development of science and technology brings new technology, machinery,
equipment and work methods. This can cause conflict and imbalance between demands and
requirements and worker skills. This may result in human factor overloading, leading to fatigue
failure, injury or even crash. In addition to risks that translate potential threats, ill health, injury or
even death, there are a number of factors that directly endanger human health. Their effect,
however, may gradually accumulate and injury manifests itself over time. These are mostly factors
that affect human musculoskeletal system through the action of forces and moments. There is a
number of methods that help to address and eliminate all adverse factors. The paper deals with
evaluation of working posture and load during work method OWAS, Static Strength prediction and
Low Back Analysis.

2. TERMS FOR ANALYSIS EXECUTION

In terms of work physiology it is important to review working position in performance of work
tasks. To realize the analysis, Owas method was chosen for workers with working position in
collection and sorting runners and molding for equipment ARBURG 320. This occupation is
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characterized by monotony of forced labor rate. Worker can choose work pace and work is subject
to work rhythm. The reason for using selected method was relatively simple and understandable:
assessment of discomfort on job position of back, arms and legs and load size . Analyzed workers
working position is shown in Fig. 1.

In Fig. 2 is a model of man in working position created by software Tecnomatix Jack.

Fig. 1. Analyzed workers working position Fig. 2 Model of man by software
Tecnomatix Jack [3]

3. CHARACTERISTIC OF OWAS METHOD

Method OWAS - Ovako Working Analysis System, based their findings on observations of
various staff positions in course of work task. To identify 252 different positions because of
possible combinations back position (4 positions), hands (3 positions), leg (7 positions) and
load power (3 phase load). The result is method Owase numerical code, total employee load in
performance of work tasks, while expressing the need for ergonomic changes in the workplace.

(1]

Evaluation of method OWAS

Tab. 1  Category of risk for method OWAS[4]
Category of Effects on the musculoskeletal system Corrective Action
risk

Normal posture without harmful effects on
the musculoskeletal system.
Position with the possibility of damage to | Corrective actions are needed

No action required

2 the musculoskeletal system. in the near future.

Position with harmful effects on the | Corrective actions are needed
3

musculoskeletal system. ASAP.
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The burden caused by this approach is
extremely harmful effects on the
musculoskeletal system.

Corrective action is required
immediately.

Application of OWAS method

Given working attitude evaluation a number that indicates
correction workflow was assigned. Rating of workers position
ARBURG 320 was entered into tables. 2.

Tab. 2 Working positions of workers during work activities

urgent evaluation by making
performing activities to press

Part of body Position Code of
position
Back Back bent 2
Arms Both arms of the worker are located under the |
shoulder level.
Leg Position Standing or squatting with both legs bent and the 4
weight balanced between both
Loads and forces | Less than 10 kg. |
supported

Tab.3 Risk categories and positions codes [4]

LEGS
1} 2 5 6 7
LOAD LOAD LOAD LOAD LOAD
11231 2,08 203 3 1| 2 | 2 (EEP2 0 1] 23
BACK HAND
11 11 1
4 1119111 1
_. 1 1 1 1 1] 1 1
2 2 2 02 3 2 2 3 3
2 2 21 2 3 2 ¥ 3 3
3 3 3 202 3 3 3 3 3
1 |1 1 1] 1| 1] 1 4] 1] 2 1
2 |2 2/ 3faf 2| 1] 1 1] 2 1]
3 2 20 3 1| 1 1| 2| 3] 3 1
1 2 3 2 02 3 2 & 3 3
4 2 3 3 2] 3 3| 3 3
3 21 JE 3

The evaluation of position of workers showed that overall burden of musculoskeletal

disorders in risk category 3.

Evaluation of OWAS method using Tecnomatix Jack software
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A model of worker performing a given work task was created using Tecnomatix Jack
software. On this basis, software was chosen for analyzing the activity of Owase method.
Control software evaluation confirmed that risk category of worker working position reaches 3,
what is position of harmful effects on musculoskeletal system.

Analysis | Reports |

(OWAS Posture Evaluation

(Owas Code: 2141)
Warning! This work posture will cause harmful levels of stress on the musculoskeletal system!

Comective measures must be taken as soon as possible,
Note that only downward force components are considered in the analysis

7] Watchdog
Usage | Watchdog Only | Loads & Weights i Distiss

Fig. 3 Control OWAS evaluation methods using Tecnomatix Jack
Static Strength Prediction [6]

The Static Strength Prediction tool helps you evaluate the percentage of a worker
population that has the strength to perform a task based on posture, exertion requirements and
anthropometry. Based on strength studies performed over 25 years at the University of
Michigan Center for Ergonomics, the Strength Prediction tool:

- Aids in analyzing material handling tasks involving lifts, lowers, pushes and
pulls requiring complex hand forces, torso twists and bends,

- Predicts the percentage of men and women who have the static strength to
perform the prescribed job,

- Evaluates jobs in real-time, flagging postures where the requirements of a
task exceed NIOSH or user-specified strength capability limits.

The Static Strength Prediction tool is used to:

- Analyze whether all workers will have the strength to perform a prescribed
jOb)

- Identify the tasks of a job where the strength requirements exceed the
capabilities of a worker population,

- Run "what-if" scenarios for manual task design or redesign by varying
parameters that influence strength capability--posture and hand loads,

- Demonstrate to workers the proper postures for tasks.
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male Height (cm):[16300 Weight (kg): [75.000
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Fig. 4 Static Strenght Prediction using Tecnomatix Jack
Low Back Analysis [4]

The Low Back Compression Analysis tool helps you evaluate the spinal forces acting on a
virtual human's lower back, under any posture and loading condition. With this tool, you can:
- Determine whether newly defined or existing workplace tasks conform to
NIOSH guidelines or expose workers to an increased risk of low back
injuries,
- Evaluate jobs in real-time, flagging the exact moments when the compression
forces on a worker's low back exceed NIOSH recommended force limits.

The Low Back Compression Analysis tool is used to:

- Layout workcells and design manual tasks that minimize the risk of low back
injuries,

- Evaluate existing tasks to determine low back injury risks and conformity to
NIOSH guidelines,

- Prioritize manual tasks that need the most immediate attention for ergonomic
modifications,

- Run "what-if" scenarios to modify tasks by varying parameters that influence
low back spinal forces--posture and loading conditions.

Height (cm):[16300 Weight (kgl: 75000
rces (4715)
L4/LS Forces

T T T T
0 2000 400 a0
Spinalforces (1)

i |
Goaeactios o s e |_AGTNE] s

Fig. 5 The Low Back Analysis using Tecnomatix Jack
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Based on this observation it can be concluded that performance of work task has significant
potential to cause damage to musculoskeletal system. Corrective action shall be taken as soon
as possible.

CONCLUSION

Continuous development of science and application of new technologies, machinery, equipment
and methods of work of improper ergonomic conditions and performance requirements can cause
injury, illness, or even permanent damage to musculoskeletal system. Modern methods for risk
assessing of ergonomic postural analysis tool allows early identification and comprehensive
evaluation of risk of damage to human musculoskeletal system. The main objective of the analysis
was to determine the level of risk and burden of musculoskeletal disorders using Owas method,
Static Strenght prediction and Low Back Analysis. Result of the analysis was that performance of
the work task has significant potential to cause damage to locomotor-support system. To find a
comprehensive stocking rates it is necessary to perform further analysis using other ergonomic
methods and exploring the overall position of various parts of worker body in performance of his
work at time. The use of ergonomic methods should therefore become an important component in
prevention of musculoskeletal disorders.

This contribution was created with within the project VEGA 1/0102/11 Methods a techniques of
experimental modeling of intercompany production and non-production processes.
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COMPUTER SIMULATION - SUPPORT TOOL FOR
PLANNING AND OPTIMIZATION OF LOGISTIC
PROCESSES

Abstract
This article deals with description of use of computer simulation in planning and
optimization of business logistics. Article tries to define several areas in which
simulation, as one tool for decision support system, can deal in transport and
storage systems in company.

INTRODUCTION

Area of business logistics belongs now in many companies to key areas in terms of
productivity growth. Achieve certain change in improving productivity, quality of output and
cost reduction implies clear definition of objectives, defining architecture of enterprise
logistics, defining necessary resources and in particular complex system of enterprise logistics
operations. In transformation of existing systems on future states arises large number of
questions about functioning of future conditions because interactions of all systems in
enterprise. Therefore in recent years it starts to promote systems that try to detect problems at
work planning logistics system before starting operation. One of those tools used in planning or
improvement stage of logistics processes is computer simulation.

1. COMPUTER SIMULATION

Computer simulation is one tool for manager’s decision support and according to Gregor
(1997) may be included in statistical experimental methods. It works on same theoretical basis
as estimation methods in mathematical statistics. Its basic principle (Gregor, 1997) consists of
simplified representation of real system with simulation model describing only these
characteristics of real system that we are interested in terms of study. After verifying logical
correctness and validity of simulation model experimenter realizes set of simulation
experiments. In these simulation experiments he designs various improvements in modelled

* Ing. Slavomir Dilsky — Department of Industrial Engineering, Faculty of Mechanical Engineering,
University of Zilina, Univerzitna 8215/1, 010 26 Zilina, slavomir.dilsky@fstroj.uniza.sk

* Ing. Miroslav Heglas — Department of Industrial Engineering, Faculty of Mechanical Engineering,

University of Zilina, Univerzitna 8215/1, 010 26 Zilina, miroslav.heglas@fstroj.uniza.sk

** prof. Ing. Milan Gregor, PhD. — Department of Industrial Engineering, Faculty of Mechanical

Engineering, University of Zilina, Univerzitna 8215/1, 010 26 Zilina, milan.gregor@fstroj.uniza.sk

34



InvEnt 2013

system and verifies impact of changes on this system. Results of these experiments are re-
applied to real system to improve his properties. Every change is made in virtual enterprise and
therefore we can decide which alternative is suitable for us before we implement this change in
real state.

2. BUSINESS LOGISTICS

Business logistics is used (Krizova, 1994) in support of business objectives, it is set of
tasks, from which it arises actions to ensure optimal material, information and value flow in
company transformation processes. Mutual alignment of individual flows, that interact with
each other is very difficult. Modern tools make it possible to provide affective support when
deciding how to efficiently use available resources to achieve different objectives. Such tools
are particularly needed if there are many possible solutions and it is not easy to pick out the
best, or is difficult to find solution that would suit the situation. Using suitable optimization
algorithm integrated into decision support tool, it is possible to find one or more suitable
solutions, which are then provided to person responsible for decision-making in field and
facilitate decision on given issue.

3. SIMULATION OF LOGISTIC PROCESSES — MANIPULATION

Advantage of dynamic simulation is modelling and implementation of dynamics into static
proposed processes. Tracking of movement is important in transport of material. Simulation
allows construction of simulation model of external and internal logistic systems and
dynamically checks them before putting system into service.

SourcertBuer: Tantestan

San [EEE EEE

Tmpact of interruption in work of fugger on assembly
station

Tuterruption in work of tngger (min)

Fig. 1 Demonstration of logistic system simulation model with results of individual tests

As mentioned above simulation can simulate external as well as internal parts of logistics.
Therefore it is used in these areas:
e  Testing of changes in transport system and their impact on manufacturing/assembly
system.
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Testing of various types of goods delivery to workplace (direct supply on demand, milk
run circuits etc.).

Testing of manipulation equipment changes and their capacity on system

Testing of transport tasks priority changes and their impacts on ability to ensure planned
amount of products.

Monitoring effects of crossroads and solving of transport hubs for utilization of transport
equipment.

Testing impact of transport equipment failure on supply of material.

Thanks to detailed monitoring of statistics during these processes we can watch following
data:

Utilization of equipment — precise division activities of such equipment as forklifts/
logistics tuggers.

Amount of material delivered system respectively ability to comply supplies for some
workstations.

Identification of bottlenecks and their impact on transport system.

Impact of interruption in work ofload station on munber of produced parts per shift

== Standard for
transported parts
per shift

Number of transported parts per shift

Interruption in work ofload station (min)

Fig. 1 Results preview of transport system in various types of interruption in work of load

station

4. SIMULATION OF LOGISTIC PROCESSES — STORES

Part of logistic processes is storing products, which represents point of interconnection

between transport and production/assembly tasks. In simulation we can consider about storing
at all levels from interoperable storages (size of several pallets) to the input/output
warehousing (with several thousand storage positions). Simulation is mainly focused on
collection of statistic data and their visualisation therefore we can easily evaluate different
effects on store size levels such as:
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Impact of different shift work time in various parts of manufacturing/logistics/assembly
system on maximum size of storage

Impact of random events — failures and setups — on overall level of storage capacity,
which is company forces to create to ensure maximum utilization of workstations.
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Fig. 3 View over number of pallets in output warehouse for different kinds of products

CONCLUSION

Perception of logistics has changed considerably. Logistics costs are from 10 to 30 % of
total company expenses. How much money will be spent on logistics depends on planning and
logistics planning is based on productions requirements, which follows requirements of
customer. Ensure requirements of production and customers at the lowest possible costs has
become increasingly demanding in today’s turbulent times. Therefore in recent years
companies demonstrated effort to examine impact of planned changes in work systems of
external and internal material flows in order to achieve maximum utilization of existing
resources, thereby increasing productivity and competitiveness of enterprises. Computer
simulation cannot provide solutions, but can test proposing solutions and facilitate work of
managers in decision making between several alternative solutions.
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SIMULATION MODEL OF ZILINA INTELLIGENT
MANUFACTURING SYSTEM - ZIMS

Abstract
This article deals with description of nascent simulation model of Zilina
intelligent manufacturing system (ZIMS), possibilities of applications and further
orientation of its development and use in connection with areas developed by
department of industrial engineering in Zilina.

1. ZIMS - ZILINA INTELLIGENT MANUFACTURING SYSTEM

University of Zilina in collaboration with its spin-off Central European Institute of
technology (CEIT) decided to support preparation of students and practitioners for future
business environment using latest global approaches and results of own research. Research
centres of Zilina University and CEIT cooperate on creating and building intelligent
manufacturing concept which is called ZIMS — Zilina intelligent manufacturing system. In
addressing research projects were gradually built:

Laboratory ZIMS,

department for research and application of digital factory,

department for designing manufacturing systems with support of wirtual reality,,
MPS — modular production system (Festo),

department for research intelligent mobile systems,

department for reverse engineering based on 3D laser scanning technology,
department for research technology of Rapid Prototyping

department for research technology of Vacuum Casting,

department for research technology of bionics and biomedical engineering,
department for research technology of using image analysis in industrial applications.

* Ing. Slavomir Dilsky — PhD. student, Department of Industrial Engineering, Faculty of Mechanical
Engineering, University of Zilina, Univerzitna 8215/1, 010 26 Zilina, slavomir.dilsky@fstroj.uniza.sk

* Bc. Tomés Kasanicky — student, Department of Industrial Engineering, Faculty of Mechanical

Engineering, University of Zilina, Univerzitna 8215/1, 010 26 Zilina, t.kasanicky@centrum.sk

38



InvEnt 2013

2. ZIMS SIMULATION MODEL

Production system which is part of ZIMS laboratory consists of several parts such as

machining, inspection and assembly subsystem. These parts are interconnected by transport
subsystem, which includes automatic guided vehicles, storage of small parts and storage for
finished products. One part of formed production system will be simulation model of planned
future state of system, which is currently built and don’t contain all parts. Individual parts of
whole system are currently created or are planned their purchase. Therefore it is necessary that
simulation model of production system, which will change during time, has to have following
characteristics:

Hierarchical structure and modularity — production system consists of separate units such
as transport, machining, assembly, inspection and transport subsystem. Each of these
parts can be changed independently on others, but can have great impact on others.
Therefore it is necessary that simulation model uses basic characteristic of simulation
software — hierarchical creation of models and integration various components into
independent modules. Main sub-model will be transport sub-model (marked A in fig. 1),
which is interconnection of all parts. Others sub-models as assembly (marked B in fig.1),
inspection (marked C in fig.1) and machining (marked D in fig.1) will be built on level
below and they can be changed without affecting into other parts.

Fig.1. Hierarchical structure of ZIMS simulation model

Parametric interface of model — simulation must be adaptable on changes in system,
which may result from changes in processed products, technological processes etc..
Therefore another important feature of simulation model is possibility to simple change of
various variables in model. Creating of parameter control menu which will be suitable to
change parameters such as processing times, times of loading/unloading of parts, choice
number of vehicles in system etc. ensure quick and simple adjustment of model to
changing conditions.

Emulation — Connectivity of real system with computer model- model must be liked with
real system to ensure two-way communication between real system and simulation
model. This feature allows to replacement of missing parts of real system by simulation
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model for real-time testing such situations that may occur in system before
implementation of missing parts of system.

e  Participation of students on creation of model — priority objective of ZIMS is preparing
students for practice and therefore simulation model will be work of students. Involving
students ensure maintenance of model, while students will be prepared on creation of
simulation models in term of real plants.

2.1. Current state of ZIMS simulation model

Developing of model was based on assumption that system will produce cubicle product
that contain 4 or more components. Box of assembly composition travels on machining
operations then on inspection and then on assembly system where it forms basis of assembled
product. Small parts, which are inserted into box, are picked on system pallet and travels from
input storage to assembly workplace, where are moved using longitudinal link and checked for
completeness of components in pallets. Then pallet is moved on conveyor and into assembly
area where components from pallets are inserted into box. After assembly is complete product
transported to storage of finished products. At present there are completed two parts of model —
transport submodel of AGV system (part 1 in fig. 2) and assembly sub-model (part B in fig 2).
In creating the model it was consider with estimates of each part work system therefore model
is created as first parametric version with regard to fact that some parameters can be changed.

Fig. 2. Existing sub-models created in Plant Simulation

2.2. Future steps in completing of ZIMS simulation model

To full completion and fulfilment model properties, those have been mentioned above. It is
necessary to take following actions and so ensure full functionality of model:

e  Completion of machining and inspection sub-models — the first condition is complete

missing sub-models for machining and inspection parts of system and resolve any
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changes in whole system that can occur when creating the system and were not captured
in current state of simulation model

e  Parameterization of model — after completion of model next step is to create parametric
control menu of model, for setting variables in model to cover changes in different parts
of system, that will bring change of processed product etc..

e  Linking model and real system — last step is to connect computer model to all parts of real
system to ensure data collection respectively transmission of information between virtual
and real system.

2.3 Use of simulation model

Created model will be used to:

o  Testing of system future states — priority of simulation models is to test future systems
and “what if” situations by changing various parameters if system. Therefore also this
simulation model will be used to test parameters such as number of system pallets,
number of needed AGV tuggers and system of their work, allocation of storages for input
components and final products etc..

e Data collection for other areas of research — knowledge management — because data
collection and publish details of real factory production process is currently very difficult
because companies take maximum effort to not disclose information for competitors,
simulation model of ZIMS test facility can serve as basis for data collection for
knowledge system under which proves functionality of such knowledge system based on
data close to real conditions of practise.

e  Teaching students — simulation model will not be used only in laboratory ZIMS, but after
completion will be used to teach students to better understand possibility of simulation
uses in practise.

Department ZIMS is unique by involving students into creating process and therefore building
and developing its parts, into which we can include also simulation model, will help students
better to prepare for industrial practise and accelerate implementation of ideas of future shape
of this department into real state.

This paper was made about research work support KEGA no. 070ZU-4/2012.
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THE ATTITUDE OF ENTERPRISES TOWARDS
INNOVATIONS

Abstract

The present paper attempts to analyze and evaluate the level of innovativeness of
production-oriented enterprises found in the region of Bielsko-Biala. The area
stands out in the Silesian province and the Polish country in general as an area
that can boast great capabilities of a parallel development of both industry and
tourism. A big industrial potential, specialized personnel, the existence of many
scientific-research institutes, as well as an active presence of institutions
supporting the development of entrepreneurialism — all constitute factors expected
to enhance innovative activity. Nevertheless, research results clearly show that it’s
only a theory and managers’ decisions are contradictory with these theoretical
premises. The results exhibit poor innovativeness of the enterprises analyzed.

1. INTRODUCTION

In developed market economies, there is one deeply-rooted assumption which entrepreneurs
have only recently started to realize, namely that the capability of enterprises to absorb
innovations is one of the most important manifestations of their modern character,
effectiveness and productivity. Therefore, nowadays, innovations are considered as a
rudimentary factor of the development of enterprises, a factor which contributes to the
enrichment of the market in new high-quality products and services, as well as organizational
reconstructions inside the enterprise and of its environment.

Innovations and innovativeness should be seen as a broad and complex set of resources
meant to improve the capability of management, to establish firm competitive positions, as
well as to make it possible for enterprises, national markets and societies to gain economic
profits. The capacity to obtain such benefits is realized through the category of competitiveness

[5].
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Innovations play a decisive role when it comes to a company’s competitiveness, i.e. its
capability to survive on the market. The fact that much attention has been paid to
innovativeness as a factor shaping competitiveness is attributable to several premises. First of
all, innovativeness is a factor that is bound to many other factors influencing the improvement
of competitiveness, both at input and output, which suggests an impact on the general
efficiency of a company’s actions. Secondly, the impact of innovations on the remaining
factors from the point of view of competitiveness generally has a synergically positive
character; it is possible to prove that innovations have a strong influence on the shape of
market demand [1]. Therefore, a popular claim that the introduction of innovations is
hazardous is not true; on the contrary, the lack of innovations may jeopardize a company’s
well-being [2]. The conclusion is clear: the introduction of innovations should form a part and
parcel of a strategy of every enterprise.

According to the results of a research conducted in 2006 by The Boston Consulting Group,
innovations were a top strategic priority for 40% of world companies, and found their place in
the three top positions on the list of priorities for over 70% of companies. More than 90% of
managers confirmed that organic growth thanks to innovations is absolutely essential to
achieve a success in their field of business activity. Nearly every three out of four companies
admitted that innovative breakdown is indispensable [3].

A research conducted by the Polish Confederation of Private Employers Lewiatanregarding
the innovativeness of Polish enterprises showed that the idea of building a company’s
competitive position based on innovations is not favored by Polish managers. Definitely, the
majority of managers declare that they prefer actions aimed at cost saving, and in turn
decreasing the prices of products. The issue of price is of less concern to medium enterprises
(66,5% of companies point to price as one of the top three factors supporting the establishment
of their competitive position) than to small and micro-companies (77,1%). Only 1% of the
enterprises exposed to analysis put emphasis on innovative products. 9,3% of small, 9,2% of
medium, and only 5,7% of micro-companies point to the innovative character of products or
services as one of the top three factors enhancing their competitive position. 51% of the
analyzed companies point out the lack of investments. This means that the group of non-
investing businesses will not be able to face the demands and challenges of the competitive and
innovative economy. The results show this explicitly [4].

The issues signaled in the research already discussed have inspired the authors of the
present paper to conduct a similar analysis in the region of Bielsko-Biata in order to verify and
evaluate the attitude of local enterprises towards innovations.
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2. THE LEVEL OF INNOVATIVENESS OF ENTERPRISES IN THE
REGON OF BIELSKO-BIALA

The enterprises subjected to analysis were medium and big production-oriented enterprises
of the region of Bielsko-Biata (altogether 159 enterprises qualified on the basis of a set of
established criteria). The survey embraced the entire population. The forms were sent via
Polish post to all 159 enterprises belonging to different categories. Out of the total 159 forms
sent, the authors received 102 completed forms back, 6 enterprises refused to take part in the
research, and 51 did not give any reply. It is assumed that in some cases the forms were not
returned as requested because of policy restrictions or the management’s lack of interest in the
research. It is to be noticed that sending forms by post is one of the most recommended
methods of a survey despite certain week points. The major disadvantage is a low percentage
of returned forms. Analyzes conducted by means of surveys disseminated via post give
considerably good results. However, 10-25% of returned forms is usually also considered as a
“good result”. In the research concerned, a positive feedback in the form of returning a
completed survey was only dictated by managers’ good will, so that the total of 64,1% can be
considered as satisfactory for the purposes of the present analysis.

As far as the results are concerned, they clearly demonstrate that innovations do not
constitute a priority in strategic activity of the enterprises subjected to analysis. While it is true
that the majority of managers responsible for creating strategies declare an active attitude, the
actions undertaken are aimed in the first place at limiting the risk pertaining to business
activity, as well as securing the current position on the market. The idea of improving
competitiveness by means of introducing innovations does not play such a decisive role as it
should. The results of the research are presented in Table 1.

Table 1. The diversity of strategic actions taken by the enterprises analyzed

Tasks realized within a future strategy [%]
improvement of products and/or quality 29
a decrease of the costs of business activity 25
a change in the production assortment, introduction of new products 20
a new marketing strategy 16
entering a new sector 5
finding a foreign investor 2

a merger or buyout 1
others* 2

* other actions taken by the companies subjected to analysis focus mainly on the concept of outsourcing,
technological modernization and the improvement of personnel’s qualifications.
Source: private analysis.
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The analysis of enterprises functioning in the region of Bielsko-Biata clearly shows that in
the group of investing companies, innovations have mostly qualitative character, i.e. related to
the improvement of products by means of concentrating on their quality. A huge percentage of
analyzed companies base their business strategies on cost-saving, so they emphasize their
competitiveness as dependent on the concept of cost. A third group is constituted by
innovations enhancing productivity, related mostly to modification in production assortment
through the introduction of new products. It is to be said that the obtained results underline
poor evaluation of innovativeness of the local companies. The only positive fact is that in
comparison with the research conducted by Lewiatan, definitely fewer companies in the
Bielsko-Biata region focus on cost-saving when compared to innovative activity. Undoubtedly,
in order to survive on the market, it is necessary to launch new products, start new processes,
i.e. make changes which have a bigger influence on competitiveness than cost-saving. It seems
that the companies analyzed which declare the necessity to search for and implement
innovations when competing with their business rivals stand a big chance to maintain their
current share in the market.

The results obtained thanks to the information offered by medium and big enterprises of the
Bielsko-Biata region show that enterprises employing 50-149 and those employing 150-249
employees are inclined to go for a strategy based on product improvement (31% and 28%
accordingly), cost-saving (22% and 25% accordingly), a change in production assortment (19%
and 20% accordingly). Enterprises employing 250-999 employees and those employing more
than 1000 employees tend to choose a strategy based on the improvement of their products
(29% and 33% accordingly), as well as cost-saving (also 29% and 33% accordingly). 22% of
enterprises employing 250-999 employees, and 17% of companies employing more than 1000
people, opt for modifications in production assortment. However, actions taken in the group of
medium and big enterprises are diversified. Whereas medium companies claim to focus on
actions aimed at the improvement and quality enhancement of their products, big enterprises
(perhaps for fear of competition from abroad) focus on the protection of their current position.
The most frequent step taken is cost-saving and the improvement of the quality of produced
assortment.

The results provided in Table 5 illustrate the answers given by two groups of enterprises:
those which possess and those lacking a share in foreign capital. The preferred action is to
improve products and enhance their quality (companies with a foreign capital — 38%,
companies without a foreign capital — 28%). On the other hand, cost-saving is favored by 32%
of companies with a foreign capital, and by 23% of companies without it. A change of
production assortment through the introduction of new products is planned by 16% of
companies with a foreign capital, and by 21% of companies without such resources. Therefore,
having analyzed the answers given by the respondents with and without a foreign capital we
can see the lack of significant discrepancies between the two groups. Thus, it can be inferred
that both groups opt for the realization of similar goals.
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CONCLUSIONS

The results obtained through our analysis let us formulate certain final conclusions. When
we compare the results of the present analysis with the results obtained by The Boston
Consulting Group, we can observe certain visible differences in the approaches towards
management. The priorities of the managers of world companies are far different from those
declared by the managers of production-oriented companies from the Bielsko-Biata region, as
well as the strategies of Polish companies in general. Innovations do not constitute a top
strategic priority for Polish enterprises. There comes a question for the reason of such a status
quo. What is the cause of the apparent lack of interest in innovations?

For sure, there are certain limitations which have an influence on decisions about strategies
of development taken by the enterprises of the Bielsko-Biata region. There are limited
investing possibilities (poor accessibility to capital), which hinder the construction of new
objects, the purchase of new machinery and tools, as well as the introduction of any kinds of
innovations. However, even if we assume that poor accessibility to capital makes it difficult for
some companies to implement any innovations, it is always possible to look for alternative
means of handling this situation. It often turns out that a solution comes in the form of a
foreign partner. Nevertheless, if we have a look at the results presented in Table 1 above, it is
clear that only 2% of the managers asked opt for such a solution even though foreign partners
bring in capital, technologies, modern methods of management, organization and marketing.
Thus, it can be claimed that foreign enterprises can become an effective stimulus on the Polish
market, stirring the innovativeness of the companies found in the Bielsko-Biata region, and
stimulate economic growth of the region.

Secondly, the lack of interest in innovations can be attributable to the lack of proper
cooperation between enterprises and scientific-research centers and institutes whose top-
priority task is a support for the development of entrepreneurialism in the region. Our thorough
and long-lasting observations let us see this cooperation as rather poor and negative. It can be
noticed that the two sides mentioned are ready to fight rather than cooperate. Those who favor
a pragmatic attitude point out scientists’ lack of practical knowledge. On the other hand,
scientists claim that managements have insufficient theoretical grounds. Sure enough, both
sides are right up to some point, but nevertheless this antagonistic attitude does not bring any
good; just the contrary, it brings negative consequences, especially for entrepreneurs.

Thirdly, the lack of interest in innovations may come from the fact that the entrepreneurs
answering the survey may share a point of view consistent with the general tendencies (as
shown by the research done by Lewiatan), namely that local products are far more attractive as
far as price is concerned when compared to their equivalents from the European Union.
Therefore, the actions taken by the managers are focused more on cost-saving because it is the
argument of cost and price that the companies are going to use to establish their competitive
advantage on the market. Low prices of products offered should not constitute the only source
of business competitiveness.

Summing up, the actions undertaken by strategists of analyzed enterprises are a natural
reaction to the uncertainty coming from our unstable surroundings. The local enterprises are
afraid of these changes. Therefore, is seems obvious that the established concepts of action are
aimed at first place at limiting the risk pertaining to business activity, and secondly at securing
the current position on the market. Nevertheless, the managers cannot forget that their priorities
should embrace those actions which will attempt to improve the competitiveness of their
enterprises. Undoubtedly, innovative solutions are exactly such actions. Nowadays, it is
innovations that form an important factor of the development of enterprises, which guarantees
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their success in a given field. The necessity to face growing competition should motivate the
managers to strive to perfection. The adaptation of strategies related to the introduction of
innovations should make the companies more competitive, and in turn make it possible for
them to compete effectively with foreign enterprises. Thus, solutions which, when
implemented, are expected to increase competitiveness of the local enterprises and in turn
particular business fields and the entire economy of the Bielsko-Biala region are: more
enthusiasm of the managers towards cooperation with scientific-research institutes and
institutions supporting the development of entrepreneurialism, an active search for alternative
means in case of various capital limitations, and finally, avoiding certain short-sightedness
consisting in building a competitive advantage by means of mere cost-saving. According to the
statistics, the region of Bielsko-Biata is capable of rapid industrial development based on high
technology, interesting prospects of future development, and this fact should definitely be used.
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AND CAVE

Abstract

This paper describes possibilities of international connections for industrial engineering
teams. In the introductory part of the article there is described the concept of ICC
(International Cave Clouding), as well as its hardware solutions. In the next part of the
paper is described the connection of advanced visualization with equipment CAVE with
software solutions of digital factory Siemens Tecnomatix. In the final part of the paper
there is described process of making connections between individual CAVE devices from
workstations all around the world. The conclusion summarizes benefits of ICC concept.

1. INTRODUCTION

International Cave Clouding represents the international, interdisciplinary, digital data
management (Product Data Management) throughout the life cycle of the product in the 3D
virtual environment. The overall ICC conception is based to use the virtual world supported
the integration powerful hardware and software solutions. International Cave Clouding also is
accessible in the virtual environment for people from all over the world and interdisciplinary
manage and manage the product design in respect during entire life cycle of product.

2. 1CC CONCEPTION

International Cave Clouding integrates powerful hardware systems with the robust software
applications of digital factory. The overall hardware solution consists of the equipment CAVE
(Cave automatic virtual environment). The actual device CAVE so, as is designed on research
and development workplace ZIMS of Zilina (Zilina Intelligent Manufacturing System),
consisting of several basic components.
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2.1. CAVE environment

The device is designed for use four projection boards, to which is projected the 3D image
so, as it is illustrated on Fig. 1. This 3D image is broadcasting of 3D of data projectors, which
is used back-projection. This means, that 3D image is not directed on projection boards
directly, but the image is directed on the mirrors and these images subsequently refract on
projection boards. Projected 3D image is created by shifting the two images for right and left
eye. Between individual 3D data projectors is created so called PC-cluster, which
absentminded image after projection boards. The user perceives the resulting 3D image virtual
reality through 3D data glasses.

Fig.1. Schematic device CAVE (Source: Author)

CAVE represents very powerful visualization tool what open large possibilities of use
everywhere, where is used visualization in digital form in three dimensions. Advanced
visualization is only one of sites conception by ICC. International Cave Clouding integrates
site of visualization as well as connection for analysis software tools of digital factory. In the
concept of ICC developed in the workplace ZIMS is integrated software tool Tecnomatix of
digital factory from Siemens.

2.2. Software tools

Tecnomatix integrates software applications supporting the product development and
management of the entire life cycle, as it is shown on Fig. 2. The overall concept of the
software tool digital factory Siemens Tecnomatix consists of several modules on a common
platform GTAC. All of these tools are designed to its special use using 2D and 3D
environment. Individual modules use common trafficker’s formats files for data conversion.
The overall data management and project management is above all modules placed module
Teamcenter. By connecting such powerful visualization tools such as CAVE device is with
analytical software tools, providing quality data with respect to the overall life cycle is possible
to obtain highly efficient tool in sectors such as automotive, mechanical, electronics, aerospace
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engineering and in education and research. ICC concept is designed to be not isolated in the
environment of individual organizations.

40T

T,

-

Fig.2. The concept of digital software tool Siemens Tecnomatix (Source: Siemens)
2.3. FactoryCAD,VisViewMockup and CAVE

FactoryCAD is a software solution from Siemens Tecnomatix and it is using to rapid design
and optimization of available 3D production and assembly systems or complete production
halls. It contains a set of libraries of 3D parametric models, which can be divided into several
basic categories such as building blocks, industrial objects and automotive. Using these 3D
parametric models can be modeled manufacturing and assembly systems and save them as .jt
which represents a standard for 3D models. Thus prepared model of production system can be
opened in an VisMockup environment where after importing the model user has all the rights
for model. This means that the model may be transformed, parts deleted and to be
supplemented. Software solution VisMockup supports visualization in a CAVE environment
also allows you to create 3D meetings. This means that the model shown in the device CAVE
can consider people from around the world. The process of 3D meeting is relatively simple and
is described in the following part of the article.

2.4. 3D virtual workshops

With using 3D digital virtual reality environment and internet networks allows create
subcontracting engineers around the world and to contribute so participate of such in the
development new construction units and products so, as it is shown on Fig. 3.

Possibilities of creation 3D meeting in device CAVE allow suitable configuration software
solution Teamcenter Visualization Mockup. 3D meeting is initialized one of the cooperating
parties and other teams have the possibility to log on in the process of solving the necessary
tasks. Each of the participants can be sent 3D model and to grant them necessary rights.

This means that individual participants can review 3D model projected in the CAVE
device. After allocation the other rights they can perform the necessary operations with model
such as transformation of model, completion the tree structure of 3D model, removal of parts
of the model and more. Individual participants meeting can in CAVE device of course use also
audio transmission and so communicate with each other. With advanced hardware solutions
participants may project other participants 3D virtual image of your digital avatar responding
to participant meeting located in the device CAVE.
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Fig.3. Schematic connection of device CAVE (Source: Author)

3. CONCLUSION

Concept of ICC provides engineering teams completely new concept of digital workshops
in solving various tasks. The concept combines extremely powerful visualization tool with
software solutions digital factory providing the necessary analytical data. This solution also
supports connection between individual research and development centers with using the
internet and realizing international solutions necessary tasks.
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Picking, Unifeye Design, Workflow

Gabriela GABAJOVA®, Ivan GABAJ **, Ewa GOLINSKA*"

WAREHOUSE USING AUGMENTED REALITY

Abstract
The paper describes the different parts of the experimental workplace, the hardware and
software requirements. This paper contains a simple case study, which illustrates the
different steps of the process of picking with augmented reality, further it describes the
operation principle in the context of experimental workplace. The result of this task case
is a practical demonstration, which samples can be found in this paper.

1. INTRODUCTION

Options to optimize logistics processes are almost exhausted, so industry is looking for new
technologies and their potential. Augmented reality is a technology that is looking for its application
in the production. In the area of planning, logistics and stock picking process, it aims to shorten
order processing, improve the quality of the processes, to provide support for the work of
employees, reducing their cognitive load at work and allows the introduction of new and innovative
technologies in the enterprise.

2. THE CASE STUDY

The workplace of manual assembly sent to the warehouse an order for picking five basic
structural parts for mounting the connecting fork. The order is shown in the table. The role of
warehouse worker is to pick these items according to the order in the shortest possible time and
with zero errors using the technology of augment reality (glasses and software support).

The order for picking contains these items:

Fork body — 1 Pcs

Fork head — 1 Pcs
Casing — 1 Pcs

Phase pin — 4 Pcs
Reinsurance nut — 1 Pcs

The role of warehouse worker is to pick these items from order in the shortest possible time
and with zero error rate using augmented reality technology (AR glasses for software Unifeye
Design).
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For testing the picking items from the store using augmented reality is needed to propose

parts of experimental workplace. Our experimental workplace must include following parts:

1.

W

Rack storage systems — racking and shelving systems have a high technical level and
quality, stability, load capacity and a broad range of dimensional.

Plastic boxes — plastic containers.

Trolley — with handle, metal glove areas, two rigid casters and two swivel.

Software support for augmented reality — Unifeye Design is a software solution for
augmented reality from German company Metaio, which is now the European leader on
market in software solutions in the field of augmented reality. Unifeye Design is software
that can place virtual object “teal-time” into the real space in several ways and it also
contains a powerful workflow tool, which can generate scenarios of displaying and
behavior of the virtual objects in real space.

Picked items — for this case task were used models of connecting fork.

The specified task will be solved in the experimental workplace created on common

workplace ZIMS. To fulfill the task is needed to follow these steps:

e to create 3D models of components of connecting fork,

e to save them to VRML (Virtual Reality Modeling Language) for import into the
software for augmented reality,

e to decide what form of placing objects into the real environment will be used: marker,
markerless or 3D extensible tracking,

e to create a set of markers and decide how will be they replaced into the space,

e to create a scenario of displaying and controlling objects in Workflow,

e test scenario and edit any gaps.

To solve the task is needed the following equipment:

shelving racks,

plastic boxes,

the construction of the connecting fork,

the handling trolley,

the computer,

the glasses for augmented reality Vuzix iWear VR920,

the licensed software for augmented reality Unifeye Desing by Metaio,
set of markers (65 pieces) on paper form,

Logitech HD Pro Webcam C910.

Creating the Workflow scenario is one of the most difficult part of solving this task. The

first step is to decide what marker system will be used. To solve this problem was chosen
marker system, which is based on classic black-and-white square markers. These markers are
placed in the area and after assigning coordinate systems, it is possible to save these virtual
objects. Markers are spread over in two ways:

1. On the shelves with blue plastic boxes are markers located on the third and fourth
shelf. Set of markers placed on third shelf can cover series of boxes in the second and
third shelf and set of markers places on fourth shelve can cover boxes in the fourth
and fifth shelf.
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2. The layout of markers in shelves with red plastic boxes is a little different, but based
on the same principle. Set of markers located in the middle row of boxes is covering
the range from the left and from the right side at once.

For this case task was created the set of markers from ID1 to ID65. This set has been saved
in XML (eXtensible Markup Language) format and used later for creating the scenario. The
layout of set of markers is shown on the picture.

Scenario for picking of individual subassemblies of connecting fork using augmented
reality is following:

1. In first step worker takes:

the box, into which will be stored selected
structural parts,

the truck, where is placed the computer with
software for augmented reality Unifeye Design,
special glasses for augmented reality iWear

Vuzix VR920, which is connected to the Fig. 1 Trolley with computer and
computer. Vuzix iWear VR920

2. In the second step the worker can see the table, which is
placed on marker. The table contains a list of items which
have to be picked and it represents the order. All items are
marked in red color, progressively, as they will be picked
the color change from red to green. .

Fig. 2 Main table
representing the order

3. In the third step, after the confirmation with the
button on the keyboard appears yellow
directional arrows to navigate worker which
direction he needs to move. The directional
arrows are shown from two sides, from left and
the right side of shelf, to the case of
disorientation the worker can quickly orient. In
addition to the yellow direction arrows worker
can see a green arrow pointing to the box,
from which need to be picked a number of
pieces, which shows numerical information
directly over that box.

Fig. 3 Directional and order picking
information displayed via augmented
reality

4. In the fourth step, the worker confirm taking the items and
he can see the table again, where the first line representing
the ordered item changes color from red to green (because it
is already picked).

Kolik fazovy

7aisfovacia matical
Fig. 4 A table showing the
picking of the first item in the
list
5. After confirming the system again displays arrows and
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directed staff to the nearest point of picking the next item in the list order. This
process is repeated until it is picked the last item.

Fig. 5 Picking items with augmented reality

3. CONCLUSION

For using this methodology for picking in large storage it is necessary to expand the
technical device by:
e wireless glasses,

connection with navigation system,
use the small computer wearable at the waist instead of laptop,
use the confirmation button wearable at the waist instead of keyboard button,
using the technology pick-by-voice.
The terms of functional of demonstration for experimental workstation are:

e static location of shelves,

e unchanged location of storage plastic boxes,

e cach box has its own marker, which belongs exclusively to her,

e asatisfactory lighting conditions (daylight is the best without direct sunlight).
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NAVIGATION WITH AUGMENTED
REALITY

Abstract
Article compares the different navigation methods appropriate for the
implementation of augmented reality in the process of picking. Individual
navigation systems are each other compared in the table and are there recovered
their pluses, minuses and their restrictions. For the most advantageous system is
proposed, how to implement this technology into the process of picking with
Augmented Reality.

1. NAVIGATION SYSTEM

Very important piece for picking with augmented reality is tracking and orientation system.
This system accurately identifies a user’s location in relation to his surroundings and moreover,
follows his sight and head movements. The complex procedure of monitoring the overall
location and movements of the user and displaying graphics are some of major obstacles in
developing this technology. And so far the best developed systems still contain a discrepancy
between user movement and displaying the image.

Navigation can be defined as the purposeful leadership of people and vehicles from one
place to another along a preselected route. At present, there are some basic navigation
techniques, which are based on mathematical and physical principles.

1.1. Comparison of navigation systems for augmented reality

Navigation

Pluses Minuses Restrictions

system
o the ability to| o not applicable under | © theneed for

Global provide  location the  tunnels, in maps
Positioning data 24 hours a day buildings, rooms and

System o the independence of even in the narrow

(GPS) the weather streets,

o the only serve to
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o full functionality determine the
. position, but not to
o uses 31 satellites .
determine the
orientation,
possible to determine
the orientation is
required to  use
electronic compass,
the large deviation
accuracy for use in
small spaces
. o Compatible with the increased price for | ©  theneed for
Global'naya GPS Europe maps
Navigatsionnaya o he limit for civil
Sputnikovaya o Higher accuracy the limit for civil use
Sistema compared to GPS the large deviation
(GLONASS) accuracy for use in
small spaces
o should provide a the higher price ° glle es.tlma{Fed
better accuracy, the large deviation netionarity
o the larger signal accuracy for use in carly as 2014
& & Y o the need for
coverage small spaces
maps
Galileo o on should become
globally available
navigation system,
o the higher
reliability and
safety
o suitable for the use accuracy depends on
Inertial in small spaces, the size of the
navigation o the independence reference object,
from satellites cost-intensive solution
o suitability for use higher initial cost of o functionality
Ad d in small spaces, acquisition and accuracy
vance
. high accuracy, depends on
Realtime . the number
Tracking GmbH | o resistance to and
(ART) magnetic and . placement of
electromagnetic
- cameras
radiation
o lower acquisition lower accuracy, battery life,
Navigation in costs, closed system type of
phones and o low hardware device
tablets requirements,
o possibility of
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offline navigation
o easy way to o is fixed by the o range of
navigate, coordinates of the generation
minimum cost, location of the marks, markers (eg
N avngatl;zn usimng supported software |©  the transfer of the Unifeye
markers for augmented brands need to change Design)
reality the orientation of the generates
navigation keys max. 550
markers)

From above navigation systems and comparing them to their advantages and disadvantages,
I find it most convenient to use in small storage spaces easy and low cost way to navigate using
tags (markers). This tracking system is suitable for use in small spaces, and its variation is
minimal. Its functionality and accuracy depends on the number and placement of marks that
show directional arrows and order pickers. This method of navigation can be used with any
software solution for augmented reality, which supports the generation of markers.

1.2. Method of visualization for navigation systems using markers

The method for navigating through the classic markers is following:

Table presenting order - the items to be picked, are located in different rows of the table. In
the beginning all five lines marked in red. After picking any particular item, its label will
change from red to green.

Yellow arrow - yellow arrow is a directional arrow that indicates the direction of the
location of the next item in line for the picking. This is a visualization of the direction of
movement to picking the next item. By tracking the yellow directional arrow is operator
passively navigated.

Green arrow - green arrow points to the specific box, from which has to be the item (s)
picked.

Numerical information - number located above the box represents the number of items to
be picked from a particular storage.

Method of transfer to picking the next item in the list is implemented after the approval of
the previous item has already been collected and is being implemented by confirming — button
on the computer keyboard. The type of button can be selected when creating a scenario in
Workflow.

1.3. Selection of software and hardware equipment

To navigate through the classic black and white signs and display navigation arrows and
picking, you need the following software and hardware equipment:
a) Software solution — Unifeye design is designed to display virtual information using
augmented reality. It is also suitable for use in the process of navigation, because,
besides allowing the generation of marks Workflow includes a tool that can create a
script display and input method of virtual objects in real space.
b) Hardware solution -
v' Computer - any computer that contains:
e  Operation system Windows (Unifeye Design does not work under OS Linux),
e has at least 3 USB ports,
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e allows VGA connection to Vuzix glasses for augmented reality.

v' Glasses for augmented reality - allow you to see virtual objects (navigation and
directional arrows) in a real environment.

v Trolley - for storing computer or pallets (to the worker hands free).

Fig.1. Navigation by augmented reality using markers

2. CONCLUSION

The proposed way how to use navigation considers only with the static location of virtual
models and textual information in real space.

This system does not respond flexibly to change the layout of storage units, but in case of
relocation real objects requires manual editing of virtual models in the space to real objects.
Despite the lack of navigation, however, this system provides certain advantages over the
traditional way of navigating using various boards and LCD screens located on ceilings or
walls.
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WAY OF EXPRESSING SIMILARITY RELATIONSHIPS
BETWEEN OBJECTS

Abstract
The article deals with defining the modalities of expression similarity
relationships between objects, which are subject to cluster analysis. Besides the
degree of association there are 2 more degrees of similarity: degree of
correlation and the degree of distance. The article in the Peace Association
gives an example of the use of Peace Association for the assessment of the
similarity of passenger cars.

1. DEGREE OF ASSOCIATION

To determine the similarity of objects whose characteristics are non-metric nature -
dichotomous characteristics (described in words), using the coefficients of association
(observed data are recorded in the Association Table) [1].

Measuring the association is based on monitoring whether the two events occurred
simultaneously and as often occurs only one of them does not occur unless the second. Take
values from <-1,1>..

Positive Association - both phenomena often occur resp. do not occur together (complete
positive association, if you set resp. has not set only once).

Negative - indirect association - one of the more frequently occurring events (full - if one
of the events occurs only if the other does not occur).

Association between objects x; and x; can be expressed by the Association table (Tab. 1),
where [1]:

a the number of characters in which the objects x; and x; simultaneously take a value
of 1,

d is the number of characters in which objects x; and x; simultaneously take values 0,

b is the number of characters in the character x; which takes on the value 1 and the
character x; 0,

¢ is the number of characters in the character x; which takes on the value 0 and the
value of the first character x; .
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Tab. 1 The association table

1 0 Totals
1 a b a+tb
0 c d c+d
| Totals | atc |  b+d | atc+b+d

1.1. Example for degree of association

For example comparing car is credited to the use of the Peace Association in cases where
the number of objects and characters. The tests and "best cars rankings" published in the daily
SME and the site was selected www.auto.sme.sk 5 cars that have undergone comparation using
coefficients association. The input data are given in Tab. 2.

Tab.2 Input data

Lexus IS-F 76 312 5,0 311 4.8 14,5
BMW X6 35d 69 574 3,0 210 6,9 10
Mitsubishi Evo X 48 459 2,0 217 5,4 10,2

Fiat 500 1,4

Citroen C5 Tourer 2,0

Fig. 1 Compared cars a) Lexus IS-F, b) BMW X6 35d, c) Fiat 500, d) Mitsubishi Evo X,
e) Citroen C5 Tourer

Based on the input data for the assessment of the similarity of researched subjects, the table
3 is created, where to each car for the conditions set similarity is assigned a yes-no.
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Tab. 3 Objects and characteristics

Objects/Characteristics . 33— - T5—
21 - price over | Z,_motor over . .

30 000 —€ 20 performance | acceleration consumption

’ ’ over 150 kW over 7s over 8I/100km
A; Lexus IS-F yes yes yes no yes
A; BMW X6 35d yes yes yes no yes
A3 | Mitsubishi Evo X yes yes yes no yes
Ay Fiat 500 no no no yes no
As | Citroen C5 Tourer yes yes yes yes no

Based on data from Tab. 3 is compiled table for dichotomous data objects considered (Tab.
4), where the positive characteristics (yes) is assigned 1 and negative characteristics (not) is

assigned 0.
Tab. 4 Dichotomous data characterizing the objects

7, | 2, | 23 | 24 | Z5
A1 |1]o]1
Al 1|1 1]o]1
Al 1|1 f1]o]1
AJo]ojof1]o
Asl1|1]o]1]o

According to Tab. 4 it is possible to easily calculate a, b, ¢, d association object table

(Tab. 5) for each pair of objects the procedure described in Tab. 1.

Tab.5 2 Association table objects

A A, As A, As
R 4lolalolaloli]o]s]o
! ol1]lol1]o|1]lol4a]o]2
4alolalolalolol1]2]1

A,
ol1lolit]oli]a]lo]lz2]o
4alolalolalolol1]2]1

A;
ol1loli1]oli]lalo]lz2]o
tloflol1ilol1l1lo]1]2

Ay
ola4lalolalo]ola]o]l2
slol2fil2l1l1]2]3]0

As
ol2l2]o0l2lo0flo]2]0]2
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Based on the values of g, b, ¢, d from Tab. 5 are calculated each association coefficients,
which are recorded in tabular form.

Jaccard coefficient

a

T a+b+e

Tab. 6 Jaccard coefficient association objects

Al A | Ay | A | As
Al Lo
Al 1|1 1[0 [oa
As| 1|1 1[0 [oa
Al 1] 0 1 03
As| 1 ]o4]04[03] 1

Sokal-Michener coefficient association
a+d

Ca+b+c+d
Tab. 7 Sokal-Michener coefficient association objects

SM

ALl A | Ay | A | As
Al L[]
Al 1|1 1[0 [oa
As| 1|1 1[0 oa
Al 1ol o1 [o6
As| 1 |04]04[06] 1

Sorensen coefficient association

2a

Sg=——""-—
° 2a+b+c

Tab. 83 Sorensen coefficient association objects

Al A | A, | Ay | As
Al 1] 1 1| 1| 1
Al 1| 1 1 | 0 |0,57
Al 1] 1 1 | 0 |0,57
Al 1] 0 |0 | 105
As| 1 ]057]057]05] 1

Hamann coefficient association
_a+d-b-c

" a+b+c+d
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Tab. 9 Hamann coefficient association objects

Al A2 A3 A4 A5
Al 1] 1 1 1 1
Al 1] 1 1 0 | -0.2
Al 1] 1 1 0 | -0.2
Al 1] 0 1 | 02
Al 1|02 ]-02]02] 1

Finally a comparison of selected vehicles using the Peace Association can be stated, that the
method of evaluation similarity of relationships of objects within each set of coefficients of
association much different, the difference is only seen in the values of the coefficients. All
tested coefficients take maximum similarity for a pair of objects (4, A4;), (A;,43), (A1, 4,
(A1, As), (A,A3) and a minimum of the similarity of pairs of objects (4,A4,), (43A4,). Objects
(A5, As), (A3A45), (A,As) show a weak positive associations, objects (4,4, and (45A4,) show
little or. and no association between other pairs of objects is a strong positive association.

The article is an example of comparing cars allocated to the use of the Peace Association.
Degree of association can be used for different objects, if we analyze the relationship between
objects, ie. determine whether the objects are similar to each other and to what extent. If the
value of the association coefficient is higher, the higher is the similarity of objects, and vice
versa. To assess the similarity of the cars were used as comparative parameters tests daily
SME. Example applications Peace Association for the types of cars were selected because of
their diversity, which can be better observed similarity resp. dissimilarity of objects.

2. DEGREE OF CORRELATION

The base rate used by the cluster correlation analysis, the Pearson and Spearman
correlation coefficient. Pearson's correlation coefficient indicates the degree of linear
dependence of two variables X and Y (eg. weight and height of a person) and is defined as
follows:

p, =22V (1)
8,8,
Spearman coefficient correlation, having the form [3]:

_ , 2
_1) Z( ) 2

where »n is the number of observatlons in the order dependence measured values,
irrespective of their size and is therefore in the cluster analysis underused.

The correlation coefficient takes the values from the interval <—1,1>.The higher the
correlation coefficient, the similarity (in our case characters) is higher and conversely.

Fg =

3. DISTANCE DEGREE

Distance metrics are based on the presentation of objects in space, the coordinates of which
are individual variables. These measures dissimilarity of objects are used in a statistical
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programs, the longer distance between objects, they are not more dissimilar. The best-known
distance rates for expressing the distance of two points x; and x; in m-dimensional space are:

Euklidean metric D, (x;,x,) = /zm:(x” - xﬂ)2 = "xi - X, "
I=1

m
* Manhattan metric D, (x,, x,)= Z
I=1

Xyt _le‘ =% _xz‘

e Chebyshev metric D.(x,,x;) = max ,(|x,.1 -Xx j,|)

* Minkowski metric D, (X, ,xj) = Q/Z‘xﬂ - xj,‘q
I=1
. 1 m 5
o Sokal metric Dy(x,,x,) = —Z(xﬂ —Xx,)
min , m - the number of signs

This article was created by implementation of the grant project VEGA no. 1/0102/11
Experimental methods and modeling techniques in-house manufacturing and non-
manufacturing processes and KEGA 004TUKE-4/2013 Intensification of modeling in teaching
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Manufacturing system, Intelligent agent

Michal HALUSKA', Filip HORAK ~

AGENT COMMUNICATION IN THE FIELD OF INTELLIGENT
MANUFACTURING SYSTEMS

Abstract
Agent technology is an important method for implementation of autonomous
management system which is the most appropriate way for efficient control of
intelligent manufacturing systems. In multi-agent system decisions and actions
are realized based on mutual agent interactions. Agent-oriented systems require
an architectural approach with emphasis on sofiware engineering processes and
relevant methods.

1. INTELLIGENT MANUFACTURING SYSTEMS

Intelligent manufacturing systems are used for realization of productive activities and
techniques of AIl. Such manufacturing system can exhibit intelligent capabilities such as
learning, thinking, decision making, etc. Intelligent manufacturing systems are designed for
work in extreme conditions, which includes the measurement of complex business results and
frequent operational changes.

Intelligent manufacturing systems should have the following characteristics:

e Self-adaptation — is one of the most important features of intelligent manufacturing
systems. They should be able to adapt to the environment in which they carry out
operations without endangering of production targets.

e Intelligent maintenance - is also an important aspect of intelligent manufacturing
system. System should be able to identify errors and directly generate corrective
actions without any human intervention. In that sense system should be autonomous
and reconfigurable.

e Internal and external communication — the system can generate reports and direct
orders which have influence on selecting of manufacturing components. It must be
also implemented communication platform which will provide cooperation with
external systems with a view of carrying out certain activities.

e System autonomy — is a degree of independence of intelligent manufacturing systems
without which would be restricted performance of intelligent behaviour.
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e Learning — allows incremental improve knowledge on the basis of the knowledge
available in the knowledge bases. This ability is one of essential elements of
intelligent manufacturing systems.

e Self-organized evolution — ability of intelligent manufacturing systems to evolve in
time. This capability can be achieved through learning or updating of knowledge in
the knowledge base. The system can experiment with existing knowledge and
evaluate current performance.

o Estimation of abilities (forecasting) — allows anticipate changes and their possible
impact on future operations.

e Searching of goal — the capability of the systems to create goals, refine or update the
existing ones in accordance with the progress and mission of the system. This paradox
can be achieved through continuous system evolution. For achieving of predefined
goal is required to decompose tasks (functions) for easier control of complex system
architecture.

e System vitality — the system should generate new working principles, new theories,
forecasts, etc. The system should generate new working principles, new theories,
forecasts, etc. This ability requires interactions of human with manufacturing
components on a high degree of autonomy.

e System recovery — is ability to create or reuse of system components. Intelligent
manufacturing systems can on this principle utilized functional tasks to different
locations in same time.

1.1. Control in intelligent manufacturing systems

Intelligent manufacturing systems must provide autonomous decisional capabilities. In
addition to traditional manufacturing functions, they include knowledge bases and respective
software which utilize the existing knowledge. Intelligent manufacturing systems should be
designed based on general framework which provides dynamic integration and standardization
of knowledge infrastructure in distributed environments. This paradox requires a new form of
organization in manufacturing systems (modular system). Control units consist of a group of
intelligent agents. Each of these agents has its own knowledge, skills and abilities. In view of
these considerations, the intelligent manufacturing systems must take into account three
fundamental aspects:

* Process control and loading of work (system),
» Knowledge and information flow (knowledge),
* Logical conclusions and intelligent capabilities (thinking).

Fig. 1. Basic architecture of intelligent manufacturing system
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1.2. System

System view includes description of manufacturing system and its aim is to set-up relations
with respect to desired system functionality. Intelligent manufacturing systems should consist
of the following areas: marketing, quality, planning, supply chain management, manufacturing,
quality, materials management, research, development and monitoring of performance.
Intelligent manufacturing systems must have hierarchical control architecture in which
individual layers will be nested. Each of these layers must be coded separately. Such intelligent
manufacturing systems provide flexibility. During arrival of new requirements, agent
approaches encourage improvements and modifications of control.

Fig. 2. Principle of agent communication

1.3. Knowledge

Intelligent agents are carriers of internal knowledge through which mutual communications
and effective implementation of actions can be realized. Agent communication must be
standardized in this regard. Standardized interface ensure effective automation of information
and knowledge. The exchange of knowledge can be realized by knowledge protocol and
knowledge network which is controlled by agents. On the basis of presented arguments,
network can be classified as distributed information system which involves various agents
interactions.
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1.4. Thinking

This level provides decision-making actions which are based on solving problems within
the agent capabilities. Individual agent is responsible for carrying out certain activities. Agents
can also have different architectural structures. Ideal perception and realization of actions will
be ensured by implementation of appropriate sensors and effectors.
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Manufacturing system, Capabilities

Michal HALUSKA", Peter LONC ™

CLOUD COMPUTING IN MANUFACTURING
ENVIRONMENT

Abstract
As a reaction to rapid development in information technology in manufacturing
organizations there has been proposed the concept of cloud computing, which is
designed to support development of manufacturing informatization. Research of
cloud technology will accelerate development of intelligent manufacturing
systems.

1. INTRODUCTION

Cloud computing is a new maintenance-oriented computer technique which began to
emerge only recently. In clouds, virtual computing resources are used and organized. Cloud
computing offers a new mode of production and computerization of manufacturing systems.
This technology guarantees the intelligent service processes and reducing of energy
consumption.

Cloud computing technology can be used for displaying of virtual objects, collaboration of

productive resources, optimization and scheduling.
The development of semantic web technologies forms the knowledge base of computer
intelligence and provides rapid development of embedded systems which enables intelligent
access to physical devices. The development of powerful computers and computing
technologies can provide effective solving of production problems.

Nowadays, organizations are building computational repositories and service centres for
archiving "clouds" virtual resources. These organizations can have access to computing
resources over heterogeneous web services.

2. MANUFACTURING INFORMATIZATION

Manufacturing informatization is based on linking of information, modelling, simulation,
advanced control, design, production technologies with engineering and product-related
technologies that are used to integrate and optimize three factors: management, technologies
and people and four flows: information flow, material flow, knowledge flow and value flow.
This approach improves product quality, service and energy efficiency. Innovative
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technologies will ensure reduction of production costs and development time. Manufacturing
informatization is developed based on requirements for future systems which should provide
operability of digital, intelligent, agile and green manufacturing. Technologies based on
knowledge and innovations are key factors for enhancing competitiveness of the manufacturing
industry.

2.1 Cloud manufacturing

Manufacturing realized through integrated cloud computing technology is focuses on
system services and knowledge base. In the cloud manufacturing are integrated advanced
technologies such as:

Information and manufacturing technologies,
Internet of things

Semantic network,

High performance computers,
Manufacturing cloud.

In this type of manufacturing, there can be efficiently realized coordination of activities of
manufacturing resources, which are used for setting of the required manufacturing capabilities.
This kind of manufacturing provides safe and reliable services. Manufacturing cloud
technology is a low cost solution for implementation cooperative distributed systems.

2.2 Cloud operations in manufacturing systems

These manufacturing systems consist from resources, capabilities, manufacturing cloud and
applications. Three type of elements are integrated into these systems. Those are supportive
base (knowledge), processes (import and export) and also three types of actuators:

e Providers,
e  Operators,
e  Users.

Manufacturing resources and capabilities provides cloud services. Cloud services are
merged into manufacturing cloud based on different manufacturing requirements. This
modification provides various application services during life cycle of manufacturing.
Knowledge supports generating of operational procedures of the manufacturing cloud. Figure
1. illustrates operating principle of the manufacturing cloud.

To ensure cloud manufacturing, user requirements are needed, through which it is possible
to design control platform. This platform should be responsible for:

Control, operation and maintenance of the manufacturing cloud,

Services and tasks which carried out import and export,

Analysing and assignment of requested services,

Automatic search of most suitable cloud which ensure the required services.
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During planning, optimization and combination, solutions are generated, which can be
simultaneously sent. Based on this approach, user doesn't need to directly communicate with
each service node or even analyse specific places and situations.

Operators

Knowledge

Providers Users

Fig.1. Operation principle of manufacturing cloud

Fig.2. Key technologies of cloud manufacturing

72



InvEnt 2013

Figure 2. shows the core technology of manufacturing cloud including:
e System architecture, operating models and specifications,
e Resources and capabilities of cloud technology,
e Complex control technology of cloud services,
e Control model and service techniques.

Cloud manufacturing represents new approach for achieving manufacturing informatization
which has huge development potential. Research of cloud manufacturing relies on mutual
effort between industry, academia and government. Companies should be equipped with
suitable information technologies which will ensure the required integration of information and
processes.

This paper was made about research work support KEGA no. 070ZU-4/2012
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Genetic algorithms, Simulation, optimization

Miroslav HEGLAS®, Silvia PALAJOVA™*

SIMULATION OPTIMIZATION WITH THE USE OF
GENETIC ALGORITHMS

Abstract
This paper discusses simulation optimization of manufacturing processes. The
first part reflects the current state of computer simulation and optimization using
genetic algorithms. The next section describes own optimization application
GAsfoS?2 that uses genetic algorithms and is a part of the simulation program.

1. INTRODUCTION

Currently, at the time of rapid increase of computing power, it can be observed very
massive advent of techniques and methods that have been recently highness of very powerful
computers with the necessary team of highly skilled professionals. One of these techniques is
computer simulation. The beginnings of using of computer simulation date back to the
simulation of military operations, whence the methodology moved into space research. The
advantages of computer simulation gradually assumed into production and nonproductive
systems. The indisputable advantage of todays’ simulation programs is fact that they are very
user-friendly orientated for usage. Most of these simulation programs are oriented so that the
creation of simple simulation models of manufacturing processes does not need knowledge of
programming.

In the proposed simulation model simulation allows to perform many experiments, evaluate
them, optimize processes and apply results to the real system.

In the world we monitor the development of simulation optimization for several decades.
New optimization techniques as well as modifications of older methods have played a crucial
role in the development of simulation optimization. Simulation optimization provides a
structured approach to determination of optimal values of the input parameters, and optimum is
measured by function of output variables from the simulation model.
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2. GENETIC ALGORITHMS

The best tool for simulation optimization of manufacturing systems is a genetic algorithm,
because it represents powerful tool for optimization, especially in the area of event-driven
simulation. Genetic algorithms are based on the idea of Darwinian principle of evolution.

Finding the optimal (sub-optimal) solution is executed in the form of competition of
gradually evolving solutions within the population. In order to consider which members of the
population have bigger chance to participate in the further development of other solution, this
ability of individuals has to quantifiable. In this context, we are talking about evaluation,
quality rate, availability, strength or reproductive capability of an individual (fitness).
Individuals with the best ratings have naturally a better chance to survive longer and participate
in building of the next generation. Using various techniques of hybridism and mutation, a new
generation of individuals will develop. In this generation individuals’ characteristics are partly
inherited from parents and partly influenced by random mutations in the reproduction process.
In general, the more complex the system is, the more meaningful genetic algorithms are. The
more complex, consistent system is, and the more non-linearities, jumps and conditions does it
contain, the more genetic algorithm can be applied.

3. GASFOS2

Witness is a program for simulation of manufacturing, service and logistics processes. It
contains optimizing module, but this module is like a “black box™ (it is not possible to set up
parameters of genetic algoritm). Therefore, at the Department of Industrial Engineering in
Zilina, there were created applications GAsfoS and GAsfoS2 that enable to change settings of
used genetic algorithm. GAsfoS (Skorik, 2009) is used by the simulation program Quest,
GAsfoS2 (Heglas, 2011) is its modification and it allows to optimize simulation model created
in program Witness. It has wider application than GAsfoS, namely it may be used by whatever
simulation model, but its disadvantage is that it uses only one genetic algorithm. Here we see
the possibility of further development. GAsfoS2 structure is shown in the following figure.

Initial settings

User environment
(GAsfoS2)
GAlib (GAworker) ' Communication Simulation
interface (Valuator) program
Optimization result
(GAsfoS2)

Fig.1. GAsfoS2 structure

The application is based on genetic algorithm and is able to optimize any manufacturing
system. It allows to run a simulation model, set the simulation run, run a simulation, set genetic
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algorithm, and then optimize the production system. These operations are executed in the user
environment GAsfoS2.

3.1 Principle of GAsfoS2

After starting GAsfoS2 up, Witness activates the selected simulation model through its
application. After optimization execution, GAworker is opened and it generates zero
generation and sets up it into Valuator. This file sets the model in Witness and runs the
simulation. Time of one simulation is 0,5 seconds. After simulation run Valuator evaluates the
model. GAworker reads the result of this evaluation and creates a new generation with the use
of roulette rule and genetic operators. After each evaluated generation the results of simulation
runs are registered, and evolution continues unless one of the completion conditions.
Completion conditions of the optimization are:

» number of generations has been reached,

» desired value has been achieved.

The result is written down in the user environment.

GAsfoS2

- )
& =
© [e)
= 2
e <
= o

Fig.2. GAsfoS2 application

GAsfoS2 is user environment programmed in Microsoft VisualBasic 6.0. It enables to
easily set up required parameters of the simulation model and genetic algorithm.

GAworker is module programmed in Microsoft Visual C++ 6.0. It contains GAcore that is
created by GALib — library programmed in C++ and supporting the work with genetic
algorithms. GALIib is designed modularly. Thanks to appropriate settings of particular modules
and already programmed tools utilization, it is sufficient to enter input data, determine fitness
(objective) function and after that evaluation is automatically performed. GALib is freely
available for academic purposes. GAworker uses genetic algorithm named
»GA1DArrayAlleleGenome<T>“.

2.3 Genetic algorithm GA1DArrayAlleleGenome <T>

The one-dimensional array allele genome is derived from the one-dimensional array
genome class. It shares the same behaviors, but adds the features of allele sets. The value
assumed by each element in an array allele genome depends upon the allele set specified for
that element. In the simplest case, you can create a single allele set which defines the possible
values for any element in the array. More complicated examples can have a different allele set
for each element in the array. If you create the genome with a single allele set, the genome will
have a length that you specify and the allele set will be used for the mapping of each element.
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If you create the genome using an array of allele sets, the genome will have a length equal to
the number of allele sets in the array and each element of the array will be mapped using the
corresponding allele set. When you define an allele set for an array genome, the genome makes
its own copy. Subsequent clones of this genome will refer to the original genome's allele set
(allele sets do reference counting). (Wall, 1996)

Valuator is a communication interface between GAworker and Witness. It is a program
created in the programming language Microsoft Visual Basic 6.0. Communication is based on
OLE interface. Valuator that controls simulation uses commands of language WCL.

CONCLUSION

Optimization has become a tool for competitiveness increasing. Therefore, it is necessary to
optimize as quickly and efficiently as possible. There are many optimization methods. Stronger
methods have very good results, but they are specified for a narrow range of issues. Weaker
have conversely wider field of application, but do not achieve satisfactory results. Simulation
optimization allows finding the optimal solution to the problem of company in a very short
time and with the support of genetic algorithms that have a broad spectrum application,
optimization becomes a powerful tool for solving various types of tasks in different areas. In
the field of manufacturing and logistics systems are solved e.g. nonlinear dynamic systems,
looking for robot trajectory, the travelling salesman problem, scheduling of customer and line
production, and so on.
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Product Lifecycle Management, Virtual Reality

Jozef HNAT®, Patrik GRZNAR "™

USE OF VIRTUAL REALITY TOOLS AS A PART OF PLM

Abstract
This article highlights the importance of using visualization tools in the life cycle
management (PLM). Main idea and platform of PLM is mentioned in the article,
but the main part of the article is focused on virtual reality tools and its usage in
the process of assembly design.

1. INTRODUCTION

In the past we used to search for weaknesses in organization and management of work, later in
the creation of giant corporations, using mainly reduction of costs on supply inputs. Then computer
technology came and the first real results have been done by ERP systems, which made the order in
stock inventories and could reduce overall operating costs. It was followed by CRM and SCM
systems, which helped to shorten delivery times and reduce costs.

2. PLM STRATEGY

The ability to effectively manage product life cycle from initial concept to disposal and
recycling represents next level of company development, giving a presumption of success in the
market. This requires a huge amount of correct information, correctly evaluated and properly used.
It is necessary that this information must be available at the actual time for those workers who need
them, so they can use them and exchange them, wherever they are located in the world. It is
necessary to work with this information during development of strategic business plans,
development plans, definition of conceptual properties of product and its development,
manufacture, marketing, sales or service at any time in the life cycle of the product, and very often
much sooner or even long after its life. Every manufacturer has a different nature of their products,
operates in different markets, in different environment. Product Lifecycle Management (PLM) is a
business strategy that provides space for innovation, development, production, promotion and
retirement products in its life cycle in large corporations as well as small businesses. It captures best
Product creation practices, knowledge, processes and intellectual property for re-use.
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Fig.1. PLM platform

PLM solution is not software and it is not an application. PLM solution is set of rules, tools,
software, standards and actions within which the software is an important tool to meet this corporate
strategy.

PLM consists of many elements including:

e unified technologies and standards (e.g. data exchange formats, visualization, collaboration
and integration with other enterprise subsystems),

e data core functions - PDM (such as data bank, documentation, data management,
workflow and process management),

e graphic and text editors and engineering systems (e.g. CAD / CAM systems),

o functional applications (specialized for the needs of the user).

Product Lifecycle Management simplifies business processes and integrates them with ERP,
SCM and CRM systems. This leads to the introduction of permanent, repeated functions, processes
and information throughout the product life cycle - from idea to retirement. Producers who
implemented PLM achieve benefits by reducing costs, faster innovation and increasing the share of
their products in the market. The main part of the PLM strategy is the concept of Digital Factory.

In addition to common data management (PDM), the use of CAx systems and other support
tools for managing product life cycle, it is important the ability to visualize and present the designed
solutions. Tools of augmented reality (AR) represent a powerful tool in this process. Thanks to their
interactivity they help to reduce the time needed for choosing appropriate solutions and decisions.
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3. USE OF VIRTUAL REALITY TOOLS IN DESIGN OF ASSEMBLY
IN PLM

Assembly represents a significant and potential area for innovation activities in manufacturing.
Assembly represents high proportion of total production time in many companies. It is important to
avoid any possible errors before the start of production. This can be done by testing of assembly in a
virtual environment. The actions proposed in the virtual assembly are essential because they provide
higher productivity, help to increase competitiveness of production, its quality, etc.

System of virtual assembly is realized on the bases of the real assembly exercises. Application
achieves high speed on a standard personal computer. An important outcome for the user is the
natural linkage with a virtual reality environment. There are no special knowledge or computer
skills required while working in the environment of virtual reality. Assembly with using gloves and
tracking sensors provides an easy and uninterrupted way of work. [1]

Importance of virtual reality is that the virtual environment can be shared by many users
simultaneously, while they can interact. In this way, more people can work together to solve
problems.

Way of virtual reality applications in industry:

e visualization - simulation is represented in 3D,

e interactivity - user interaction (twitching hands, movement, press one button, click the
item) affects the simulation,

e simulation - 3D models of real or imaginary environment are simulated by using a
computer.

Following figure shows the schematic representation of the assembly system design with virtual
reality tools. [3]

Requests Tools and work description
Formats STEP/WRML/... Structure of product Structure of assembly
Product creation L .Gegmet(y > Assernbly an‘d
simplification analysis planning
A 4
CAD Software support
| Creation of content

Marker - AR

/ Assembly in the \

[ virtual reality

[ |

| environment (VR)/ |€¢———————— Visualization < Creation of scenario ¢——————————

| augmented reality Assembly Animated instructions for

(AR) ) — I assembly

CAVE - VR

Fig.2. Schematic representation of the assembly system design with virtual reality tools [2]

Product creation - in the first step CAD model is created. This model is exported into a standard
format STEP (Standard of the Exchange of Product Data Model) (ISO103031994), containing the
product structure and 3D model of the product. This format allows you to record and thus transmit
information that occur during the development-design as well as technologic-implementation cycle.
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It allows transfer of a wide range of geometrical and non-geometrical information relating to various
areas of processing.

Geometry simplification - models simplification is achieved by removing the details (small
holes, etc.). The final model is build from triangles.

Assembly and analysis planning - apart from the parts of assembly you need to enter additional
information, such as the assembly procedure, work descriptions, time required to perform each
operation, as well as information about the tools. Each product is defined by:

e individual parts,
e assembly operations,
e needed tools.

Creation of content and scenario - the individual work instructions are assigned to parts or sub-
assemblies. Each component has defined position, rotation angle, type of animation and duration
(seconds). After defining the entire assembly it is possible to simulate process.

Visualization - as imaging devices are commonly used monitors with camera. Here it is possible
to use conventional paper markers as identification marks. After identification of marker, computer
assigns the correct 3D object. Worker can rotate the assembly as needed. Displayed objects are
highlighted by colored border for better visualization.

Virtual reality tools in addition to providing support for workers in their work, allows to shorten
assembly time and time for "learning".

4. CONCLUSION

New unique technologies, we can currently use, offer miracles. You just have to reach for them.
The current time of digitizing represents a significant movement towards achieving more and more
realistic representation of modeled and digitized world.

Development of the automotive, electronics and aerospace industry brings new approaches.
These approaches use rapid prototyping technologies, digitization, virtual reality and simulation.

This paper is the part of research supported by: VEGA 1/1146/12.
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Data Mining, SOL, DMX, database systems
Filip HORAK ', Michal HALUSKA™

SERVER-BASED DATA MINING

Abstract
The article introduces MS SQL Server solutions like DMX language and
Business Intelligence Development Studio to data mining and describes some
crucial advantages and disadvantages of server based data mining in
comparison to classic desktop data mining solutions.

1. DATA MINING SOLUTIONS

Nowadays, there is a huge quantity of software products that support data mining, or offer
features that enables users to analyze their data through data mining methods as a part of
overall solution. Despite some similarities and mutual integration efforts, many of these
products still have significantly different representation of workflow. In addition to this, there
is a vast amount of data mining techniques that are supported by different vendors, so users are
sometimes forced to transform their data from one product to another in order to get desired
results. This applies not only to data mining itself, but also to other necessary analytical tasks
in knowledge discovery process such as initial transformation and data visualization. These
facts then further isolate solutions for data mining from existing enterprise information
systems, which contributes to increase of difficulty and implementation costs of specific
knowledge-based solutions to real problems.

2. DATA MINING EXTENSIONS

DMX (Data Mining Extensions) is an extension of SQL language, which aims to define
standard queries and concepts in field of data mining similarly to way that was taken by SQL
developers in field of databases. DMX was developed in the way that it is user-friendly for
database developers, which might sometimes make it a bit confusing for analysts who
previously worked with desktop data mining solutions.

Essentially, it is a 4th generation query language (4GL) based on client-server architecture,
which is syntactically very similar to SQL, which can be further supported by the fact that
commands used in DMX can be divided into following categories:
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e Data Definition Statements
e Data Manipulation Statements

One can consider a DMX language to be a useful tool, which enables to transform data in
table format to form that is accepted by data mining algorithms, while still working with
relational database. This is a major advantage over desktop data mining solutions, mainly
because of the fact that updating these data is significantly less time consuming. The evident
example of this transformation can be an existence of two main logical objects, that are:

e Mining Structure
e  Mining Model

Mining Structure contains table columns with data that are available for specific data
mining issue and also information about these columns.

Mining model is partially used for transformation of mining structure and realizes a
machine learning process through specific algorithms chosen by user. It can be viewed as
subset of columns of Mining Structure with assigned way of handling and defined mining
algorithm with its solution-specific parameters. Moreover, this model can be limited by user to
mine just a certain fraction or subset of data. In Microsoft SQL Server environment, which
offers the possibility to exploit DMX features, there can be found following data mining
algorithms: Decision Trees, Association Rules, Naive Bayes, Sequence Clustering, Time
Series, Neural Networks, Linear Regression, Logistic Regression

3. MICROSOFT SQL SERVER AND DMX

Nowadays, there is still a rapid growth of Business Intelligence (BI) solutions. Main
Microsoft product in this field is SQL Server Analysis Services (SSAS), which is aimed at
gaining as much knowledge as possible from data available to enterprise. To reach this goal,
SSAS defines two types of objects:

e Data Cubes
e Data Mining Models

With Data Cubes, information can be extracted and visualized using Multidimensional
expressions language (MDX) and for working with data mining models, aforementioned DMX
language is used. One of the most common ways to create DMX query in MS SQL Server is
SQL Server Management Studio (SSMS), which is perfectly known to database developers.

An example of a simple DMX query for outputting source date of mining structure in
SSMS may look like this:

select * from mining structure [customer mining].cases;

For experts in the field of statistics and data mining, who are used to work in more user-
friendly environments offered by some popular desktop applications such as RapidMiner or
KNIME, can the concept of writing queries be a relatively difficult experience, since it is
aimed more at database developers or at software application developers with at least minor
knowledge of writing queries in SQL language. Microsoft partially fights this disadvantage by
its BI Dev Studio product, which on one hand is still mainly oriented on application
developers, but on the other hand uses a lot of wizards, which help user to construct his
solution without previous knowledge of programming.
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4. DATA MINING IN BI DEVELOPMENT STUDIO

SQL Server Business Intelligence Development Studio (BI Dev Studio) is an developing
environment integrated into Microsoft Visual Studio, which among other things offers more
graphic view of data mining process with use of intuitive graphic user interface.

In most cases, it doesn't matter if a data mining solution is implemented through SSMS
(with use of DMX language), or through BI Dev Studio. For software application developers, it
is more efficient to work with DMX language in SSMS, because there the creation and testing
of queries take place. These queries can then be generated dynamically, or can be integrated as
part of a solution being developed, but for visualization and user friendly manipulation with
data mining objects it is often more efficient to use BI Dev Studio. Both approaches
manipulate same objects and same data and have almost same functions.

In BI Dev Studio it is possible to create new Analysis Services Project in the same way that
a new project is created in Visual Studio. After defining of Data Sources and Data Source
Views, it is possible to define the Mining Structure.

Solution Explorer - Solution 'SSEIDSTestProject (1 ... - I X

_: Solution 'SSBIDATestProject’ (1 project)
= |}, SSBIDSTestProject
= | Data Sources
4;» Movie Click.ds
= | Data Source Views
4E| Mavie Click. dsw
|5 Cubes
|= Dimensions
] 1ining Structures
[ Roles ~,  Mew Mining Structure, ..
| = Assemb
[ Miscella

Fig. 2. Defining of new mining structure in BI Dev Studio.

Most of the objects in BI Dev Studio (mining structures, models, views, etc.) can be
constructed using wizards, where user in individual steps defines desired parameters. This way
BI Dev Studio ensures logical flow of steps necessary in creation of mining objects without the
need for user to remember their sequence. Vast majority of work takes place at Data Mining
Designer window which shows up just after the creation of Mining Structure and Mining
Model. Data Mining Model consists of following tabs: Mining Structure, Mining model,
Mining Model Viewer, Mining Accuracy Chart, Mining Model Predictions

To further support user-friendliness, BI Dev Studio offers also tools for visualization of
data that user works with. It is possible to view data from any table by using tools such as:
Table, Pivot Table, Chart, Pivot Chart

Since the solution discussed is a server-based solution, it is necessary to pay more attention
to way of accessing source data. In BI Dev Studio, it is possible to access data in two modes:

e  Offline mode
e Immediate mode

In immediate mode, user is constantly connected to server. Changing and saving of object
thus creates immediate change of data on server. In Offline mode, files with project data are
stored on the side of the client and changes are stored on hard disk in form of XML-based
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format. Models and other objects are not created on side the of the server until they're not
deployed there from client machine.

S. INTELLIGENT APPLICATIONS AND DATA MINING

Technology of data mining opens possibilities to creation of new kind of intelligent
applications, which, to some extent, don't need their own specific code for reaction to various
situations, because they can learn and adjust their behavior right from data itself. Great
advantage of this approach is, that in case of slight changes in patterns that are extracted from
data, there is no need to readjust (or in worst case scenario completely reprogram) application,
but it is sufficient to just reprocess models that represent enterprise logic, and apply newly
retrieved control parameters. However there is a broad range of data-mining algorithms and
their combinations, that are not yet supported neither by these client-server solutions, nor by
third party plug-in developers, which diverts users to desktop platforms and forces database
owners to export data to non-relational formats like .csv or .xIsx for further analysis, thus
avoiding additional benefits of own analytical capacity.

CONCLUSION

The article contains brief description of data mining in Microsoft SQL Server with use of
DMX language and it's user-friendlier counterpart Business Intelligence Development Studio,
which compete against desktop solutions for data mining. It is shown here, that MS SQL
Server offers many possibilities in terms of data analysis and it is usually beneficial for
database owners who use SQL Server to explore these possibilities before trying to further
complicate their own system by implementing software products from other vendors.

This paper is the part of research supported by: VEGA 1/1146/12.
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OPC UA, SOA, SERVER, CLIENT, WEB, COM

Peter HRUBANIK® Branislav MICIETA™ Jan ROFAR™

OPC UA USAGE IN THE MOBILE AND WEB
APPLICATIONS

Abstract
OPC Unified Architecture (OPC UA) is the new standard of the OPC
Foundation. Unified Architecture providing cross platform approach in process
automation. OPC UA provides a service-oriented architecture (SOA) for
industrial applications — from process level in factory to web and mobile
enterprise applications.

1. INTRODUCTION

OPC Unified Architecture is the most recent OLE for process control (OPC) specification
from the OPC Foundation and differs significantly from its predecessors. The first version of
Unified Architecture was released in 2006, after 3 years of specification work and another year of
prototyping. The Foundation's goal for this project was to provide a path forward from the
original OPC communications model (namely COM/DCOM) to a cross-platform service-oriented
architecture (SOA) for process control, while enhancing security and providing an information
model.

1.1 Why a new type of communication model?

The existing OPC COM based specifications have served the OPC Community well over the
past 10 years, but as technology moves on so must our interoperability standards. Here are the
factors that influenced the decision to create a new architecture:

e  Microsoft has deemphasized COM in favor of cross-platform capable Web Services
and SOA (Service Oriented Architecture)

e OPC Vendors want a single set of services to expose the OPC data models (DA,
A&E, HDA ...)

e OPC Vendors want to implement OPC on non-Microsoft systems, including
embedded devices
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e  Other collaborating organizations need a reliable, efficient way to move higher level
structured data

The minimal OPC UA(Fig.1) implementation is lightweight and uses an efficient binary
communication protocol. As a result, OPC UA has already been ported to many embedded
operating systems including VxWorks, Linux and proprietary RTOSs (Real Time Operating
Systems). At the top end OPC UA supports communication with enterprise standard XML Web
Services protocols. This reduces system integration costs by providing a common architecture for
accessing information.

B—gh—!

Fig.1. Cross platform approach

The OPC UA Specification defines a binary TCP based protocol which provides fast
performance with minimal overhead. For the enterprise environments SOAP/XML is normally
the preferred communication protocol. OPC UA offers the ability to pre-encode messages with
UA Binary before packaging them in a SOAP/XML compatible message which improves
performance by as much as 10x when compared to the same message sent using XML. This
architectural advantage provides benefits even when using SOAP/XML with formats such as
the proposed WC3 Efficient XML because it reduces the complexity and size of the XML
before it is sent on the wire.

2. UPGRADING COM MODEL SERVER

In the InMoSys QC we using OPC server(COM model) from Mitsubishi. For using
UA(Unified Architecture) communication model we must install OPC XML DA Wrapper.
The OPC UA COM interoperability components allow vendors to quickly OPC UA enable
their existing COM client and server applications. The components can then be customized to
add advanced OPC UA features as needed. This means users can continue to leverage their
investment in OPC COM technology while deploying new OPC UA applications.

—

com UA cCoM
Client Client Client

Fig.2 COM model to UA model.
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3. EXAMPLE OF USING UA CLIENT IN INDUSTRY

OPC UA client is able used in mobile devices. There are two ways to use in mobile devices.
First way is using application into mobile devices. Application tries to connected device(Fig. 3)
over TCP/IP protocol. Functions for control and manage process are included in this
application. Second way is using web server with SOA client. Client send request to web
server. Web server processed request with using SOA client. SOA client communicated with
OPC UA server. The web server sent result in HTML code to client web browser(Fig. 4).
Client can see 2D or 3D SCADA graphic in the web browser. 3D graphic is supported in web
browser whit using special Java Script library”. This library support OpenGL engine. Model is
possible rotate and show live information from process level in 3D scene. Support 3D format is
*.0bj.

A

Modbus TCP device

Modbus TCP device

Modbus TCP device

Madbus TCP device

Fig 3. Example of Android OPC UA client application.

© Google Transiat... | )2 Microsoft OF... = () Deskéon W 100% @ | MO@OBD S ses

[T MOl - e scan.

Fig.4 Example of using 3D model in web browser

CONCLUSION

* Three.js is a library that makes WebGL - 3D in the browser.
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OPC UA is an important step to integrate new technologies into industrial automations. The
strong meta model, the open and standardized service-oriented architecture and the ability of
unifying different kind of OPC servers opens the door for new areas of application. Since many
companies participated in developing the OPC UA specification it is expected that soon there
will be many products available supporting OPC UA.

Acknowledgements: Research and development of a prototype based on unmanned
technologies and subsequent application of knowledge gained in practical terms ITMS code
26220220122 "on the basis of Operational Programme Research and Development financed by
the European Regional Development Fund.
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Loading appraisal, TX Jack, ErgoPak
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Miroslava BARTANUSOVA

LOADING APPRAISAL OF AN OPERATOR
IN WORKING PROCESS USING
TECNOMATIX JACK AND ERGOPAK

Abstract
Physical loading affects health and working performance during working
process especially in assembly operations. This physical loading can cause
serious diseases and increase fluctuation of operators. We can evaluate it by
several ergonomics analyses. These analyses we can find also in software
solution TX Jack, but problem is how to find out value of loading. We describe
one possible solution in this article.

1. INTRODUCTION

Assembly is a collection of activities aimed at creating a functional unit (machine, equipment,
etc.) by means of joining various components. Usually it is the last stage of production,
followed by functional testing and running in. It has decisive impact not only on quality and
reliability of products, but also on productivity and efficiency of the whole assembly and
production system. Assembly of difficult products is still manual work even in automotive or
mechanical industry. Therefore it is necessary to ensure suitable working conditions during
designing assembly workstations.

When operator manipulates with bur in incorrect way and many times per day it can cause
serious health problems. That is the reason why we have to know measure loading.

2. LOADING APPRAISAL IN TECNOMATIX JACK

At present for loading appraisal we can use several ergonomics software. One of them is
Tecnomatix Jack, which offers all well known ergonomic analyses. Each of these analyses has
special menu and you have to put in different data. For example OWAS of RULA evaluates
only working posture. When you add loading to the figure in evaluating posture the results will
not change. But there are many other analyses that’s results change very significantly by
adding loading. You can add loading in this program in two ways. First way is to add weight of
bur in kilograms. In this way direction of loading always aims downward. Second way is to
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add load vector. You can specify Xx,y,z coordinates of this vector and level of loading you
define in newtons. These variants you can see at Fig. 1.

« Static Strength - Load Editor
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Site: human left_palm.f22 x
|Two Feet Load Type

Loads and Weights: O weight. (3 Load vector
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Fig.1 3D model of selected workplaces

As was said this loading significantly changes results of ergonomics analyses. You can see it at
the Figure 2, where is compared the same situation at first without loading (operator is bending
down to the bur) and then again with loading 15kg (operator is lifting 15kg object). In this
working sequence operator is lifting work piece and than he is flattening it at the worktable.
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Fig.2 Comparison of loading with and without bur
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3. MEASUREMENT OF LOADING WITH ERGOPAK

When we sole a real project we have no problems to detect real weight of components or work
pieces, but there is problem how to detect real loading while pushing or pulling something.
There are several possibilities how to measure this loading. One of them is ErgoPAK. It is tool
kit for collecting and analyzing data under real job conditions. It can measure force, velocity
and also angle. It has few sensors whose can measure push or pull. Each sensor is calibrated
independently. Its wireless hub has eight ports so you can use more sensors at the same time.
For collecting and processing data you have to install special ergoPak data acquisition
software. But is very user friendly.

ErgoPAK tool kit includes these sensors:

handle sensor for measuring push or pull of both hands,

handle sensor for measuring push or pull of one hand,

one finger sensor for push measuring,

two fingers sensor for push measuring,

“mushroom” sensor for push measuring of the whole hand,

gyroscopes for angle measuring,

accelerometers for acceleration measuring,

special glove with four push sensors measuring each finger independently.

Fig.3 ErgoPAK tool kit

This device is able to capture one hundred elevations per second. It means that we get about
one thousand values in ten seconds. Push values are captured in positive numbers and pull
values are captured in negative numbers. At Fig. 4 you can see sample of pushcart pulling with
two hand handle. In the graph we can see push forces at four fingers and pull force needed for
movement of the pushcart.
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Pulling of pushcart
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Fig.4 Pulling of pushcart — measured values

4. CONCLUSION

It is very important to know right loading values especially in assembly processes where are
the same movements repeated very often. Because when they have some harmful influences
they can cause serious health problems. This article describes possibility how to measure push
and pull forces in working and assembly processes using ErgoPAK tool kit and how to use
these values in loading appraisal. Loading appraisal we can also do in many ways. We have
introduced loading appraisal using ergonomic analyses in Tecnomatix Jack software.

This paper was made about research work support: KEGA 004ZU-4/2013 - Integration of
advanced information technologies and e-learning into education of manufacturing and
assembly systems design (AIT-MASD).
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TRENDS - TECHNICAL PREPARATION OF PRODUCTION

Abstract
Article focuses on the technical preparation of production, its main parts:
preparation of production design, technological preparation of production,
production project preparation and implementation. The article describes the
development direction of technical preparation of production, SYSKLASS as an
information system of the new generation. This system aims to preserve and promote
the development of technical documentation.

1. INTRODUCTION

The growth rate of industrial production and the level of efficiency is determined primarily
in product development. Objectives in the development of new products and technological
processes, the rational course of preparation of production and labor force quick results in the
production and marketing of products always determined by the requirements of the overall
intensification of production processes. This means that on the one hand, it is necessary to
reduce production and consumption on the other hand increase the efficiency of human labor at
all stages of the reproductive process in compliance with the objective trend of higher product
quality and performance.

2. TECHNICAL PREPARATION OF PRODUCTION

Summary of technical, technological, organizational and technical-economic activities
necessary for the timely initiation and completion of production, its good organization and high
technical level with favorable economic results form the technical preparation of production.
We may conclude that it is a set of activities based with customer requirements, coordination
processes to process design, technology and design and documentation of material and
technical equipment of the production process for the implementation of production tasks (Fig.

1.
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Fig.1. Model technical preparation of production
2.1 Overall production preparation

Overall production preparation implements the creation of design documentation within the
prescribed deadlines in accordance with production plans. It is actually a series of works aimed
at the construction of new or upgrading existing products with respect to functional excellence,
commitment in patent, design simplicity and operational efficiency.

2.2 Technological preparation of production

Technological preparation of production technology ensures complete documentation and
means of technological equipment. The flexibility of the organizational structure of
technological preparation of production allows a rapid transition to address new challenges and
rationalization of processing information. technological preparation of production is therefore a
set of activities aimed at the production of documentation and processing documents for
material equipment and tools preparations (Fig. 2)
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Fig. 2 . Framework scheme technological preparation of production
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2.3 Project preparation for production

The project activity is aggregated set of information in the form of classical technical
documentation, and recently the numerical entries stored inside information systems. The aim
of the processing of information is the suggestion of production activities to ensure that all
work associated with converting materials and semi-finished products to finished product.
Design of optimal production process and the algorithms for the substance needs to take
account of the production process and:

1. identify the source, volume, quality and method of processing input information;
2. describe the activities determined in the design of the production process, that is to define
input and output variables, functional links subsystems and their structure;

3. formulate criteria for optimal production process.

Project activities under way in the design of technological information processing can be

divided into three stages:

a) study-analysis - projects focusing on assembly, recording and analysis of input,

b) design - at this stage of the study process information-analytical phase by the same
algorithm. Under the algorithm means a logical sequence of operations set of instructions,
rules, under which the work piece assigned variants of operations, processes and solutions,

¢) optimization - the result of the design phase is a set of variants to choose from which is the
most convenient.

2.4 Material production preparation

Material management company ensures acquisition of material inputs for business activity,
thus:
- Ensure work equipment,
- Addresses the material and technical support for the production and material handling.

2.5 Implementation

The process of realizing the objectives of the business entity goes through phases: research
and development, production preparation, actual production and subsequent assembly, which
in engineering includes all activities which combine all manufacturing finished parts in a fixed
order to make the product so that it has all the required behavior.

The production phase is decisive contribution to the success of enterprise and becomes a
strategic weapon in the hands of corporate management. The success of the production process
decides rational way of organizing its management
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3. TRENDS TPP

The answer to the efforts to achieve maximum productivity, maximum utilization of

available resources, efficient use of production processes with view to saving material, energy
and labor in the process of finalizing the products are new insights into the development and
direction of technical preparation of production:

Preferred method of team work organization and technical preparation of production,
Use many methods and techniques from the field of systems engineering (project
management, value engineering, simulation), quality assurance (FMEA, QFD,

Strong computer support - Systems CAD, CAE, CAPP, simulation capabilities, which
are used block technology.

Group technology is a method of classifying the parts into groups, and components
within a group produced in a similar way, that is technologically similar operations
and a similar sequence of operations. This method is based concept of product
development, and the actual production, at which the individual items are made up
from the similarity of certain selected technology of characteristics in each group.
Production of parts is often carried out by already drawn up and validated
technological processes. This fact is used in computer systems to support the creation
of technological processes (Technology Group based CAPP system), which represents
SYSKLASS (Fig. 3) as a comprehensive system for the technical preparation of
production.
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SYSKLASS ® system is used for automated documentation creation of technical
preparation of production and concept of CAD / CAM (Fig., integrates performance systems
efficient management of business know-how. TPV processing large information systems seems
to be insufficient for demanding profession technologists and engineers and their requirements
for specialized information system. System solution is SYSKLASS ®.

SYSKLASS ® system ensures high comfort radically improve the profitability of new
products and production contracts and increase the flexibility and speed of implementation.
The biggest advantage of SYSKLASS ® is a high comfort, productivity and profit, which
SYSKLASS ® brings users. This allows the original security method selected business
activities, from marketing analysis, through the optimization of design and technological
preparation of production, automated production of material and performance standards, bills
of materials, production technologies, tools, change management, operational capacity
calculations, creating material and performance standards, to strong management support at all
levels with the information and evaluation system.

System at each level offers next convenient type or in the form of a unified solution of:

- Design drawings,

- Determination work piece blank ,

- Production technology (obr. 4),

- Documentation of plant and tools.
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Fig. 4 Determination of production technology

The most important aim of the system is SYSKLASS management and the creation of
technical documentation, which is the basis for planning and record production. The main part
of the technical documentation include:

- Design documentation - items, parts lists, drawings and other documents (regulations,
standards, etc.).

- technological documentation - technological processes, operations, equipment
requirements, location, people, tools, standards and time consumption of materials and
other supporting documentation (regulations, protocols, quality, etc..).
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Modules for processing technical documents are suitable for processing technical
documents from simple types to precise and detailed production of high-tech products.
Provide opportunities for rapid creation of documents defined and allow the administration
in one place so that it is currently available and usable for modern production planning and
scheduling. One of its benefits is that it allows variability to provide sufficient opportunities
for production planning under the current terms of business, which in today's dynamically
changing environment is one of the preconditions for its smooth functioning.

This article is part of Project VEGA: 1/0583/12
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Model, Tecnomatix. Plant Simulation, Optimization

Marek KLIMENT', Peter TREBUNA "™

CREATION OF OPTIMIZATION MODEL PRODUCTION
LINE USING TECNOMATIX PLANT SIMULATION

Abstract

Companies are nowadays trying to save resources, material and time and thus
optimize production and maximize production outputs and minimize inputs. There
are many ways by which a manufacturing process may be analyzed and optimized.
The article deals with the optimization of the production line using software
module Tecnomatix Plant Simulation that creates models of production in its
original form and in an optimized form after evaluation and analysis of what can
be improved and where to save.

1. INTRODUCTION

In the manufacturing enterprise any savings cost , time, material, or improvement the
production is positive development of the manufacturing process and increased revenue. For
each optimization process it is necessary to choose the resource which can be used for given
optimization. One of the possibility is to apply the PLM system, suitable alternatives in the
process of dynamic modeling and simulation of future production processes Tecnomatix Plant
Simulation module.

2. CREATING MODELS IN TECNOMATIX PLANT SIMULATION

In developing the model of the real production it is necessary to map the production to reflect it
to the form of a digital model and make it a simulation set in it and know all the necessary
items and then evaluate and explore possible shortcomings could be removed in any way, or
minimize. In developing the simulation Plant Simulation used mainly major area selection of
items forming a simulation model that includes processes commonly used in the simulation of
simple and complex production processes that are inputs and outputs of production, simple and
parallel process, assembly and disassembly, transfer stations, conveyors, access roads and
connectors of all processes and the like (Fig. 1).
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Fig. 1 The main area of selection of items in the simulation

After selecting these items and their bonding and determination of production routes it is
necessary in each menu item to set all the known elements such as the times of the production
lines, production volumes, volumes of production lots, etc. In the menu Event Controller item
we set the duration of one shift and display speed simulation.

When preparing a particular simulation model of production (layout) we have created a first
simulation of the original state of production and we performed analyzes which Module Plant
Simulation offers. The arised simulation is illustrated on Fig. 2.

seance s v v

Fig. 2 Simulation of production before optimization

After completing layout simulations are based on the analysis and observation of production
optimization model to make only one change in the set of objects used in the simulations. This
object is Assembly - fold, where we used two different values Assembly table settings. In the
original models of this object - workstation, packed in one box set 1, which is 25 pieces. In the
new module package 4 sets, it is 100 units which is the maximum signal level (Fig. 3). Signal
level is the volume of the box in which the sets are packed in original manufacturing packaging
were a large amount of unused space, it caused a larger quantity of pallets during transport
between production machines and workplaces where the products is processed. We have come
to several optimization changes by this solution :
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- Reduce the number of boxes used for packing blanks,

- Reducing the frequency of inter area travel on trucks to provide transportation blanks and
reduce the number of operations in the packing and unpacking rounds,

- Reduce the need for pallets, which are punishable by blanks,

- Occurred saving space in which the range of semi-finished products were located

- Resulted in saving use stickers on storage boxes,

- Save time packing, unpacking and transportation between sites, or workplace and store of
semi - products.

Fle View 30 Deougger Profiler Toots Window Help
i dd OEE R E e O e R O
lasi Library 4% Toslber
B s oy | [B00bray | Mateed Fom | Fescurces | ifomaten Fow | Usrbace | Woble Uit | Toos | Wachioea 30 [ Tuck 30

L M08+ 1 EZEEBCHE=EERZO00RE@S

GOt Nadgate Obieas Len: View Teok Hep

focn GMEw 0 4 wE ol Bk w
[l —

"
5 Models HoweOptimaizacia Assembly 15
YT ———
s Aserkly O Ui [Cleweesss D - . — -
— ‘ 2 ModesHoveOptimsicacads. &
e O [lamed o] [lestiocied o £ 7
2
Swwts | motw | fareimporter | Userdefred Atrwtes
abtes | Tmes | etip | fobaes | Coms | Etsvamny |
Assembly e Predeners =+ 8 [ open |
Mo M ot 1 ] |
sl mode: [ -lo
Exngh [fenss BE! ‘ I
. Mk Nyroby B Ly
Sequrce; [stmasoes <] 11
I
e e e e 2L gifEm,
L Ok | | fomon: | | oo | = o o B . ety
ermbly L Buferf
f
e
Bl o BRI oo T s 5
& i o il

Tdenel o Expemricodich

Fig. 3 Optimized model of the production process

Original model and optimizing look graphically the same ,but change occurred only on the
mentioned item, because as regards the already existing production machinery and moving is
not possible. Optimization is reflected in the statistics, the production and spared of production
costs.

Plant Simulation software we us also created the layout of production has created a 3D
simulation (Fig. 4)
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Fig. 4 3D simulation of the production line

3. CONCLUSION

Module Tecnomatix Plant Simulation offers a wide range of options applicable in the field
of dynamic simulation models and layouts of gross production processes, so it is an appropriate
tool usable in any manufacturing enterprise, whether the planning of new production lines, or
to optimize existing products. Outputs are from the simulation of manufacturing processes,
statistical data of different character, from the statistics of production processes to statistics on
to individual items used in the models. Analysis, which can help to assess the design of optimal
solutions when designing any kind of production.
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Knowledge, manufacturing, paradigms, management

Peter LONC, Michal HALUSKA "

KNOWLEDGE BASED MANUFACTURING

Abstract
Manufacturers have long recognized, that, much like their service industry peers,
they find themselves competing in a knowledge economy. The article deals with
the definition of knowledge based manufacturing and with its most important
subtopics. Later, the most knowledge intense manufacturing paradigms are
described, as they are the leading modern trends in the concept of future
manufacturing.

1. INTRODUCTION

Knowledge economy is built on the possession and configuration of intellectual resources
and knowledge production, distribution and reuse. Market competition is becoming more
intense, more and more enterprises cannot depend on single factor to obtain competitive
advantage. In fact, manufacturing industry has become the main engine of Europe’s economy.

At present, knowledge economy and knowledge management has become a common
concern in economists and management scientists. But as a main part of social economic,
manufacturing industry pays little attention to intellectual capital, and it is necessary that
knowledge capital management should be regarded by manufacturing enterprise in order to
benefit from the potential opportunities and challenges. Under knowledge economy
environment, modern manufacturing enterprises are changing from production-based enterprise
to knowledge-based enterprise.

A typical characteristic of the manufacturing process is dynamic, where conditions are
constantly changing and decisions have to be made within a short space in time. It is often
preferable to make a decision at the right moment rather than to seek the optimum decision
without any time limit. The better we have the available relevant data at the right time, the
better decision we can reach. A computer is a tool that can be employed to narrow the gap
between the conflictions demands of "time" and "decision".

2. MANUFACTURING KNOWLEDGE

European manufacturers have long recognized, that, much like their service industry peers,
they find themselves competing in a knowledge economy. Companies both large and small
possess vast amounts of knowledge spread across countless structured and unstructured
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sources, and the pace of acquisition is growing exponentially as technology facilitates the rapid
exchange of information. The ability to improve processes and bring new products to the
market faster and more cheaply depends on identifying, making available and applying this
knowledge. Moreover, sources of key knowledge no longer necessarily reside within the four
walls of the company. As companies become more geographically dispersed and engage with a
growing number of suppliers, partners and customers, vital information about processes or
potential new products is just as likely to lie outside the organization itself in the broader
supply chain. The development of this complex web of relationships has made it more
important than ever to establish efficient mechanisms to share knowledge and, indeed, for
companies to become more aware of the extent of the information they hold.

Four PILLARS oF MANUFACTURING KNOWLEDGE
Propuct Propucing EnTerprise

MATERIALS AND Propucr, TooLING MANUFACTURING
ManuracTuRING AND ASSEMBLY SYSTEMS AND
PRocesses ENGINEERING OPERATIONS

MANUFACTURING
COMPETITIVENESS

FounpaTion

Mathematics and Science ‘ Personal Effectiveness

ENGINEERING

SCIENCES QuauTy AND
Prooucr Desien PrricTin CoNTINUOUS
SysTem DEsion IMPROVEMENT

MAaTERIALS

Process Desien

MANUFACTURING
AuTOMATED SYSTEMS MANAGEMENT

PROCESSES Eauipment/TooL AND CoNTROL
Desien

Fig. 1. Pillars of manufacturing knowledge

3. KNOWLEDGE BASED MANUFACTURING

The objectives of the KBM are to increase productivity and reduce manufacturing costs.
These objectives are the same as those of many other systems. The difference lies in the
approach and strategy employed. The knowledge based manufacturing strategy approach
makes use of the following notions:

e There are infinite ways of meeting design objectives.

e There are infinite ways of producing a product.

e The cost and lead time required to produce a component are functions of the process used.

e Transfer of knowledge between disciplines working to produces a product, should not be by
transferring decisions, but rather by transferring alternatives, ideas, options considered,
reasoning etc.

e Company database should be “open” and available to all disciplines.
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Knowledge based manufacturing enterprise is dense-knowledge enterprise with realizing
that knowledge acquisition and sharing is the key concept to become successful in today’s
knowledge intense economy.

Knowledge acquisition is a process that transforms recessive knowledge into dominant
knowledge. There are many knowledge acquisition approaches because of different existence
format of recessive knowledge, which includes expert knowledge in human brain and relation
knowledge in database. Knowledge representation makes people grasp and use knowledge
quickly, and enables the computer to be able to process knowledge effectively. Knowledge
transferring process can happen in enterprise organization interior, between human and
computer, among different business process and product, which includes knowledge
conversion, sharing and management etc. The chief goals of knowledge usage are to utilize
core knowledge based on accumulated enterprise knowledge base, and improve the ability of
knowledge absorption and integration, which makes knowledge become enterprise innovation
engine.

4. KNOWLEDGE INTENSE MANUFACTURING PARADIGMS

e Bionic Manufacturing System (BMS): The BMS investigates biological systems and
proposes concepts for future manufacturing systems. A biological system includes
autonomous and spontaneous behavior and social harmony within hierarchically ordered
relationships. Cells as an example are basic units, which comprises all other parts of a
biological system and can have different capabilities from each other, and are capable of
multiple operations. In such structures, each layer in the hierarchy supports and is supported
by the adjacent layers. The components, including the part, communicate and inform each
other of the decisions.

o Fractal Factory (FF): The concept of a fractal factory proposes a manufacturing company
composed of small components or fractal entities. These entities can be described by
specific internal features of the fractals. The first feature is self-organization that implies
freedom for the fractals in organizing and executing tasks. The fractal components can
choose their own methods of problem solving including self-optimization that takes care of
process improvements. The second feature is dynamics where the fractals can adapt to
influences from the environment without a formal organization structure. The third feature
is self-similarity understood as similarity of goals among the fractals to conform the
objectives in each unit.

e Holonic Manufacturing System (HMS): The core of HMS is derived from the principles
behind the term ’holon’. The term holon means something that is at the same time a whole
and a part of some greater whole. The model of integrated manufacturing systems consists
of manufacturing system entities and related domains, the structure of individual
manufacturing entities, and the structuring levels of the entities. A manufacturing system is,
at the same time, part of a bigger system and a system consisting of subsystems. Each of
the entities possesses self-description and capability for self-organization and
communication.
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5. CONCLUSION

To fight competition effectively, the manufacturing sector has to transform by moving from

resource based driven manufacturing to knowledge based driven manufacturing and from mass
produced single use products to new concepts of higher added value, custom-made, eco -
efficient and sustainable products, processes and services.
By incorporating intelligence into a manufacturing system, knowledge-based software offers
the opportunity to streamline, improve and tailor business processes. These operational benefits
can help companies respond better to customers. Knowledge-based manufacturing simplifies
processes for the end-user — and simpler processes mean faster responses, more flexibility,
shorter lead-times and a more cost-effective operation.

This paper was made about research work support KEGA no. 070ZU-4/2012
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Innovation, Development, Enterprise

Aneta MADYDA, Irena DUDZIK-LEWICKA™

INNOVATIVENESS IN THE DEVELOPMENT OF SMALL
AND MEDIUM ENTERPRISES IN POLAND

Abstract

There are various factors which influence an enterprise’s innovative activity. In
order to arouse and maintain sensitivity to innovations, one should combine
science and research with practice, focus on a favourable organizational, financial
and technical condition of a company, as well as create a suitable climate of
innovativeness in the company, where innovations, improvements, imagination
and creativity, flexibility and courage are highly valued and appreciated.
Favourable changes can improve the level of competitiveness of those companies
on the market.

1. FACTORS GOVERNING INNOVATIVE PROCESSES IN AN
ENTERPRISE

Factors of innovative processes govern the direction, strength and effectiveness of tools
enhancing innovative activity of enterprises.

In literature, an innovative process has several synonyms. According to P. McGowan, an
innovative process is a creative activity in which most emphasis is put on the implementation
of a creative idea. An innovative process comes to an end at the moment when a decision is
made about putting an idea into action. The idea to be implemented is selected from many
others. P. McGowan differentiates among twelve stages of an innovative process: starting from
the identification of a problem or an opportunity up to the implementation, evaluation and, if
needed, to the improvement of the best of ideas [5].

R. Griffin proposes a different interpretation of an innovative process. According to him, an
organizational innovative process is equivalent to the preparation, application, launching,
developing of a creative idea, as well as controlling its way of development and fall [3].
Contemporary innovations, widely acknowledged as a driving force of economic development,
should play a key role in the functioning of every enterprise. Therefore, they should find their
place in companies’ business strategies. An enterprise should look for inspirations of
innovations both in its inner as well as outer environment, and implement such innovative
strategies that consider both material and nonmaterial innovations as the foundation of business
success .
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2. SELECTED DETERMINANTS OF THE INNOVATIVENESS OF AN
ENTERPRISE

The intensity of innovative processes is an outcome of various factors (determinants,
stimuli). A determinant is any factor whose function is to designate something. On the other
hand, a factor is one of the causes of a given phenomenon, one of the aspects determining
something. In literature devoted to innovations, the concepts of determinants and factors are
frequently used interchangeably.

In an enterprise, there are many such determining factors of innovations. Those
determinants can have a sociological, psychological, philosophical, historical, organizational or
economic character. Their changeability is governed by time, they are dynamic and dependent
on a variety of factors [9].

Such determinants have an impact on an enterprise as a whole, as well as on individual
units employed in it.

The most important stimulus of innovative processes of an enterprise is the market, which
constitutes the most rigorous touchstone of new products of services. Apart from the market,
determinants coming from a company’s environment also have considerable influence on a
company’s innovative activity. The environment can be divided into two spheres: macro-
environment (general, distant) and micro-environment (operative, closer).

The innovative determinants found in the micro-environment include [8]:

- receivers, suppliers, co-operators and other partners, competitors, i.e. units that are into
technological-industrial activity, implementations and commercialization of new solutions
which play a stimulant role in the innovative process,

- scientific and technical institutions working to improve scientific and technical knowledge
in a form of inventions, new ideas, discoveries; such institutions include higher
universities, research centers and scientific institutes, etc.,

- organizations and institutions supporting and mediating in the field of innovation; among
them we can mention technological and scientific centers, entrepreneurial mines,
counseling and training centers,

- regional and local environment, which includes accessible infrastructure and local
economic atmosphere.

The innovative determinants found in the macro-environment include [8]:

- organizational, institutional and informative solutions that form an innovative system of a
given country, i.e. the arrangement of production and scientific-technological sub-systems,
and their interrelation,

- acountry’s innovative policy,

- institutional-marketing conditions together with the infrastructure, technical services,
judicial and fiscal systems ,

- educational system including a complex of public and private institutions, as well as
educational programs and those aimed at improving job qualifications, which enable
employees to acquire skills and show innovative attitudes.

Even though many innovative factors can influence the effectiveness of the implementation
of innovative ideas, the most crucial role is played by the factors coming from the environment
of an organization.
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3. INNOVATIVENESS OF SMALL AND MEDIUM ENTERPRISES

The stage of development of a given business sector is one of the most crucial factors (in
the close environment) having an impact on the organization’s inclination towards undertaking
innovative activity. It turns out that organizations functioning in sectors at early stages of
development often implement technological and product-oriented innovations, as well as they
actively benefit from various sources of innovations. On the other hand, in sectors
characterized by a higher level of development, innovations tend to concern modifications in
the production process.

Small companies are often successful in identifying an opportunity, but less effective when
it comes to gaining an advantage necessary to obtain a desired value. An invention may be an
outcome of activity of a single individual but its commercialization calls for resources and
efforts of the whole organization, which have to be managed [7].

The major problem concerning financing undertakings in Poland, but also in the European
Union in general, is the fact that a part of capital investments is refunded and the activities
aimed at creating a new innovative product are not directly financed.

Modern and recently founded enterprises have a limited chance in Poland to acquire capital by
traditional means such as the following [4]:

- investment credits, long-term loans,

- emission of bonds by companies and partnerships, and other long-term debentures,

- franchising,

- leasing,

- short-term bank loans,

- emission of short-term debentures,

- commercial loans and other obligations.

Poor involvement and limited access to private capital undoubtedly have an impact on the
way innovative projects are financed. Such limitations result in the fact that new innovative
enterprises have a limited influence on the absorption of new technologies or progress in the
field of productivity.

The factors of competitiveness of the Polish sector of small and medium enterprises have
remained unchanged for years. Starting from 2003, entrepreneurs have been competing using
the argument of price, whereas other factors such as the quality of products or services, narrow
specification, the ability to adapt to customers’ demands, or the innovative character of
products have played a minor role. Therefore, they do not build a stable advantage over
competitors, immune to limitations. Among the causes of such a status quo, the entrepreneurs
quoted a small demand for innovative products as well as a limited access to external sources
of funds.

Small and medium enterprises take advantage of both private as well as external sources of
financing their business activity [1][2]. Nevertheless, it is private resources that dominate in the
capital structure. The dominant preferable private source is definitely net profit. It means that
small and medium enterprises make profits which they can use to finance their own
development. This concerns mostly micro-companies whose development depends on earned
financial surplus.

Micro- and small business units should show more enthusiasm and interest in the sources of
funds for innovative developmental actions, and choose those which are cheapest to gain. They
can apply for resources from structural funds, where the most valued action is a support for
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product-oriented and technological competitiveness, the improvement of competitiveness
through innovations and the enhancement of human resources.

The instable nature of anticipated economic fluctuations contributes to the fact that many
enterprises still postpone the initiation of new undertakings in spite of the lack of more serious
obstacles, because they still value negatively the investment atmosphere [6].

SUMMARY

The dominant characteristic of the development of an enterprise is innovative activity, i.e.
creative problem solving. Companies should react flexibly to any signals coming from their
environment in order to secure their dominant position on the market in the long run.
Innovative activity is a time-consuming process, in which a lot of time has to pass before
outlays bring anticipated results.

A considerably low level of innovativeness of Polish economy is, to a great extent, caused

by the lack of financial resources for the development of new enterprises.
According to GUS, as much as 50% of small and medium enterprises exist no longer than one
year. On the market marked by firm competition and turbulent environment, the only
companies which stand a chance to survive are those which are able to flexibly adapt to more
and more demanding surroundings.
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Simulation, planning, robot, assembly

Martin MAJDAN", Peter LONC ™

SIMULATION - A SUPPORT TOOL IN A DIGITAL
ENTERPRISE

Abstract

Availability and use of simulation technology currently provides the perfect
opportunity for businesses, which can easily and efficiently optimize their
particular production, assembly and logistics processes in order to increase the
actual productivity and company profits. The article is dedicated to the
simulation with the support of virtual reality, which constitutes an essential part
of the Digital Factory (DF) and describes its importance in pre-production
verification and optimization of production processes.

Planning as a basis for success

Planning of production processes requires a powerful tool that would allow early
recognition of process risks, recorded all the changes and made available to authorized persons
all relevant information in the field of production planning. This comprehensive treatment of
the interrelationship between product, process and production resources, including the
deployment of machinery and equipment in manufacturing facilities allows to avoid planning
mistakes and gain from the outset a clear overview of the required costs, premises and
workforce.

A common feature of instruments for planning is the use of a structured methodology
that systematically leads to the optimal solution for the inclusion of all costs in relation to the
process. These tools allow detailed analysis of all alternatives in various stages of planning and
continuously provide a clear insight into the efficiency of the entire planned production due to
the required order. They clearly and graphically show the linkages within the PPR. They
provides a unified programming interface for all projects while offering a wide range of user
settings to suit individual requirements. One of the important requirements is also the ability to
integrate with CAD / CAM and other information systems within the enterprise.

Simulation of Virtual Assembly

Typical production area for the deployment of a DF system is planning and
verification of assembly procedures in the production and maintenance. 3D models of all the
individual parts of products can be in a virtual environment gradually assembled, and can
simulate actual installation procedures. The system can perform graphic design, visualization
and possible modification of assembly procedures, evaluating the feasibility of a simple
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assembly process determining the mechanical constraints. It also automatically runs the parts
collision detection.

Fig. 1. Simulation in TX Process Simulate

The final stage is followed by checking for completeness of installation. DF systems
find application even when viewing the entire assembly process simulation, optimization
deployment in production halls, and determining throughput and cost estimation for assembly
lines.

Ergonomic simulation

When simulating production, we should be closely focus on different types of
challenges that we could be faced. For example, ergonomic simulations are designed to
perform simulations of the human body in the production environment and the factors that can
affect workers in the production environment. Specialized tools are used to understand and
optimize the relationship between the human body, products and machinery.

Results of ergonomic simulations provide an answer to the question whether and
under what conditions the product could be manufactured and assembled by people. These
tools use a standard model of the human body with adjustable size by region and percentage of
the population. It allows easy setup of human body to the required working position with
continuous control of the maximum rotation of the joints and provide detailed information
about dynamic and static loading of the human body in the required work performance,
including graphical representations. They allow to immediately start planning the product
lifecycle to work with the human factor, it mostly saves time and money in ensuring ergonomic
conditions at the factory.
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Fig. 2. Design of new assembly space in TX Classic Jack

Robots simulation

This kind of simulation is used to design robotic workstations. In virtual environment
of DF, a 3D model of robotic workstation or an entire robot production line, can be easily
designed, further the working movements of the robots could be defined and the results could
be used directly to generate programs for the real robots control. The newly created 3D model
can also be used in simulations to verify the time and spatial dependencies.

The main contribution is in addition to immediate feedback between design of robotic
workstation and product design, products and tools also the ability to find the optimal location
of robots and products in the workplace, including the detection of possible collisions. Systems
are used to automatically generate complex trajectories of movement such as welding robots,
simulation and optimization of complete automated production lines. Also, the benefits are that
it can automatically generate programs to control robots and their off-line programming, which
allows the preparation of a new production or modification of the present, without downtime.

Ultimately DF systems reduce the risk of material damage that would otherwise occur
at a testing phase of new production start up.

Fig.3. Robotic workstation design and analysis in TX Robcad
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Simulation of Material Flow

Material flow simulation is designed to analyze the behavior of complex systems that
are solved by other methods or are time consuming. Simulation is the only way to describe the
behavior of a very complex process with random events and considering all relevant external
and internal links.

These systems include tools for design of simulation model, which can include 3D
view of goods, machines, equipment and operators. It also includes tools for analytical check
of system performance and for the throughput of production lines for the given period. Finding
the optimal parameter settings with regard to the required output is automatic. For clear display
of the production system, these systems are well equipped with a dynamic display of
simulation model. Additional user information could be provided by statistics for each
individual machine or for whole simulated system as a complex.

Fig. 4. Simulation of material flow in TX Plant Simulation

This paper was made about research work support KEGA no. 070ZU-4/2012
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Jozef MATUSZEK®, Kinga BYRSKA™, Jozef HNAT*"

ERGONOMIC EVALUATION FORM

Abstract
The paper presents example of applicable ergonomic evaluation form. Shown
are the principles and the most important criteria. Contained example are
actually used by selected international company.

1. INTRODUCTION

Ergonomic evaluation of workstation is increasingly becoming a part of the companies
routinely performed safety audit. In a regular time intervals are analyze selected machines, step
by step all workplaces. Due to continuous improvement and results from many audits manages to
gather information about the actual state and knowledge about ergonomic in the analyzed
company.[5]

The first phase of form implementation should include questions about ergonomics which
increase employee awareness about its importance and the possibility of significant impact on
health long-term work on the one workplace [5]. Operation space requirements are mandatory
and based on directives, laws, regulations, other legal acts and sometimes on norms.[3]

In recent years began to function term “ergonomic diagnostics”. The object of research is
antropo-technical and socio-technical system. The purpose of diagnosis, as in the case of
technical diagnostics, is identification of the current state of ergonomic (dangerous, harmful,
disruptive, normal) and an indication of the factors which may contribute to the occurrence of a
state different than the normal.[2]

2. FORM CONCEPT

2.1. Evaluation criteria

Sheet verify the level of compliance with criteria. The criteria are:[6]
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= cognitive, helpful, enabling the identification of needs,

= orderly recognition of all the requirements and limitations of the conditioned capabilities of a
particular company situation,

= Jogical basis for corporate actions

= heuristic factor magnifying the possibility of systemic and structural improvement,

= basis for evaluating the results of creative activities, which is a necessary condition for the
optimization of the system and the structure and effectiveness.

They should be comprehensible to anyone who has to make assessments on the basis of
them, and be possible to establish a clear justification. For each criterion can be determine the
seriousness. Evaluation as much as it is possible should be lead by a multidisciplinary team to
ensure the objectivity.[2]

2.2 Fuzzy logic in evaluation

Each question can be evaluated by assigning point values corresponding to the following
situations:[2]

= 5-very well, meeting all requirements, the optimal employee load,

= 4 -well, met most of the requirements, recommended apply a rationalization solution

= 3 - medium, some requirements met, improvements in many areas of work

recommended,

= 2 -acceptably, met some requirements, required changes,

= ] - found a high number of irregularities, change is necessary.

It's not possible clearly identify where there is a boundary between the results very well (5)
as well (4). High impact on the result of the analysis is a subjective assessment of the investigator
or assessment team.

1-

5 - verry well 4 - well 3-medium 2 - weakly
unnacceptable

Fig.1. Fuzzy logic under ergonomic criteria

2.3 Evaluation results

The result indicates the percentage of fulfillment of all requirements. In case of an
assessment of all questions is "weakly", result not exceed 25% throughout the test component.

Meeting the requirements of ergonomics in the four criteria is visualized automatically in
form. The audit also define areas of the worker body, which as a result of their work are most
vulnerable to the annoyance of work and feeling pain. Next should be determine the task for
perfecting, set a time for make them and repeat audit of the same workstation.
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Fig. 2. Ergonomic audit form example
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4. CONCLUSION

Ergonomic criteria in  ergonomic assessing fulfill three important roles which are
complementary:[1]
= are a source of ergonomic information,
= mechanisms and analogies which indicate the correct solutions in terms of ergonomics,
= mechanisms which may indicate the possibility of applying the best ergonomic solutions,
proven in practice,

Presented ergonomic evaluation form allows to conduct analyzes in a transparent and easy
way. At the same time it allows to carry out analyzes of design positions and positions remain in
the conceptual stage.[1]

Ergonomic assessment is part of a large working system. Particular emphasis is placed on
this issue in corporations with developed and certified management systems, such as the quality
standards, environmental management systems, occupational health and safety or the integrated
systems and other management systems.[4]

International corporations perform regular audits, in which the issue of ergonomics is taken
seriously. This is a good trend, as it will allow of performing work in a healthy and safe for the
employee.[4]

This paper is the part of research supported by: APVV SK-PL-0030-12.
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energy efficiency, planning, manufacture
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PLANNING ENERGY EFFICIENT MANUFACTURING
SYSTEMS

Abstract
The paper deals with energy manufacturing systems, which are essential to
enhancement of efficiency, productivity and profitability in future industrial
processes. Energy manufacturing systems as an operational strategy are
oriented toward achieving the Energy efficient manufacturing by eliminating
energy waste. The technique is designed to radically improve profitability,
customer satisfaction, throughput time, and environmental responsibility.

1. UTILISATION OF ENERGY SIMULATION MODEL

Planning energy efficient Manufacturing systems require detailed knowledge on the energy
consumption behaviour of their components, energy consumption of production processes, and
methods to evaluate design variants.

Green sources of power generation and efficient management of energy demand are among
the greatest challenges facing manufacturing businesses. A significant proportion of energy
used in manufacturing is currently generated through fossil fuels. Therefore in the foreseeable
future, the rationalisation of energy consumption still provides the greatest opportunity for the
reduction of greenhouse gases.

There are many areas and opportunities to reduce energy costs and pollution emissions
within a manufacturing facility. One way to achieve an energy efficient manufacturing system
is to measure and evaluate the combined impact of process energy from manufacturing
operations, their resources, and facility energy from building services (ventilation, lighting,
etc.)

The issue of fostering energy efficient manufacturing gains more and more importance due
to global mega trends like global warming, climate change and scarcity of resources.
Furthermore industrial drivers constituted by rising and volatile energy prices, ever-stricter
becoming legislations and increased customer awareness rise the attention to the research field.

Holistic approaches to design and operate modern green production systems are required to
cope with those challenges adequately.

Utilisation of energy simulation model to support both design and operational decisions is
shown in figure 1.

" Prof. Ing. Branislav Micieta, PhD., The Faculty of Mechanical Engineering at the University of Zilina,
branislav.micieta@fstroj.uniza.sk

" Ing. Vladimira Biflasova, The Faculty of Mechanical Engineering at the University of Zilina,
vladimira.binasova@fstroj.uniza.sk

120



InvEnt 2013

Design Improvements Cperational
Improvements

Product
Development [deas Final Products
- Product Process
L9 . .
*d 2 Design Planning Manufacture A % §
Y ey pe— e w

M ndirect Energy

Batch Size

Fig. 1. Utilisation of energy simulation model

This part of article will be examine the overall role of an energy management strategy,
focus on the benefits of looking at Energy Management and then examine the role that an
effective program, either existing or new, can play in a collaborative manufacturing
environment, and how these improvements can reduce energy requirements while maintaining,
or improving productivity.

2. DEFINING THE ENERGY MANAGEMENT STRATEGY

Virtually all manufacturers have some degree of formal energy management strategy in
place today, and the more successful programs periodically examine their effectiveness and
evaluate potential improvements. Successful strategies are typically driven from top
management, and considered a strategic aspect of an overall manufacturing strategy; however,
few strategies actually address how they could be incorporated in a future looking
manufacturing environment. An organization’s energy management strategy is typically
structured into three steps:

1) Creating the Strategy, Policy and Targets that identify the goals and objectives of the
Strategic initiative.

The steps to create the strategy usually start with accessing the current performance, then
setting the goals and objectives and making the organizational commitment to the program.
This step often starts by using internal or external resources to establish the “as is” baseline to
measure progress against. This will include the analysis of current energy usage patterns and
identify potential areas to save energy.
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2) Ildentifying the Targeted Initiatives, or the tactical implementation of the strategy.

The second step, the tactical implementation of the strategy, will typically start with
identifying the gaps between the current “as is” environment and focusing on the areas with
the largest potential for both short and long term gains, creating an action plan that addresses
these areas, and then implementing this plan.

3) Monitoring the Progress and Results, or the measurement of results and program.
effectiveness.

An effective strategy must include short term considerations, or gains that can be
immediately realized, but must be coupled with a longer term vision that incorporates
strategies dealing with upcoming or potential financial and legislative changes. Some of the
key components that should be evaluated in determining the value of the strategy include:

e social concerns,

emissions management,

energy monitoring, visualization and reporting,
energy reductions,

network management,

process management

energy forecast,

energy balance.

The strategy normally focuses on these key areas:

e Energy purchase cost savings.

Energy efficiency improvements.

Energy reductions from process improvements.
Environmental sustainability.

Instantiation of the strategy into the corporate culture.

2.1 What is an Energy Management System?

The vast majority of the world’s energy consumption derives from fossil fuels oil, gas and
coal. Due to the resulting cost implications, security of supply issues and environment impacts,
energy management has become crucial for the sustainable development of today’s businesses
and our society as a whole.

An Energy Management System is understood as referring to the set of inter-related or
inter-acting elements that work to establish the energy policy, the energy objectives and the
processes and procedures for achieving these aims.

To do this, the standard is based on a system of Plan > Do > Check > Act for continuous
improvement that includes the EMS (Energy Management System) in all company practices
(figure 2). The certification process is simple through the following steps:

Gap analysis - this helps identify areas that need more work before to carry out a formal
assessment, to save time and money.

Formal assessment - this happens in two stages. First it review organization’s preparedness
for assessment by checking if the necessary ISO 50001 procedures and controls have been
developed. It will share the details of findings, so that if it finds gaps, it can be close them. If
all the requirements are in place, it will then assess the implementation of the procedures and
controls within organization to make sure that they are working effectively as required for
certification.
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Certification and beyond - when it has passed the formal assessment it will be receive an ISO
50001 certificate, which is valid for three years.

Carry out an energy
review, establish the
base line, the energy
performance indicators,
targets, objectives and
plans of action.

Implement the
necessary plan of
action. |

~ Monitor and measure
the processes and
‘1 | theiroperational
w features that allow for
contrasts with the

Take the necessary
actions to
continuously improve

energy performance policyand its
bjectives, and rt
and the EMS itself. objectives, and repo
the results.

Fig. 2. Steps for continuous improvement

In today’s manufacturing environment there is a strong recognition of Energy Management as
a significant source of both social responsibility and cost savings. Energy typically represents the
single largest controllable cost in manufacturing, and is under constant scrutiny by all levels of
management.

This article was prepared by within the project KEGA 029ZU-4/2011 Implementdcia
inovacnych rieSeni systémov rozpozndavania obrazu v laboratoriu automatizovanych
montdznych procesov.
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Energy efficiency, Energy management

Branislav MICIETA", Vladimira BINASOVA

ENERGY MANAGEMENT SYSTEMS

Abstract

The paper deals with standard ISO 50001, which represents the latest best
practice in energy management systems building upon existing national
standards and initiatives. The standard specifies the requirements for an Energy
Management Systems (EnMS). This enables your organisation to develop and
implement an energy policy, identify significant areas of energy consumption
and establish a ISO 50001 provides a structured framework to embed energy
management in organisation’s culture.

1. ENERGY MANAGEMENT SYSTEMS. REQUREMENTS WITH
GUIDANCE FOR USE ISO 50 001:2011

ISO 50001 represents the latest best practice in energy management systems building upon
existing national standards and initiatives. The standard specifies the requirements for an
Energy Management Systems (EnMS). This enables your organisation to develop and
implement an energy policy, identify significant areas of energy consumption and establish a
ISO 50001 provides a structured framework to embed energy management in organisation’s
culture. Effective implementation can enable year- on-year reductions in energy use via a cycle
of continual improvement.ISO 50001 implementation requirements:
determine organisation’s energy needs,
establish energy policy and objectives,
conduct an energy review,
determine necessary processes and responsibilities,
establish methods for energy monitoring and analysis,
determine energy performance indicators,
establish means to effective operational control.

Review and monitor for continual improvement in energy efficiency.

Worldwide application of this International Standard contributes to more efficient use of
available energy sources, enhanced competitiveness, and to reduce greenhouse gases emissions
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and other related environmental impacts. This International Standard is applicable irrespective
of the types of energy used.

This International Standard can be used for certification, registration and self-declaration of
an organization’s EnMS. It does not establish absolute requirements for energy performance
beyond the commitments in the energy policy of the organization and its obligation to comply
with applicable legal requirements and other requirements.

Thus, two organizations carrying out similar operations, but having different energy
performance, can both conform to its requirements. The document is based on the common
elements found in all of ISO’s management system standards, ensuring a high level of
compatibility with ISO 9001 (quality management) and ISO 14001 (environmental
management). The organization can choose to integrate ISO 50001 with other management
systems such as quality, environment, occupational health and safety, and other. The basis of
this approach is shown in figure 1.

Nonconformities, Monitoring,
’::Th“:lE:"Md: correction, corrective measurement
and preventive action and analysis

Fig. 1. Energy management system model
Energy policy

ISO 50001 requires you to produce a policy statement that communicates your policy on
energy management to stakeholders and to translate this policy into specific, measurable and
timely objectives and targets. The objectives are achieved through the implementation of
management program that defines what will be done, who will do what and by when. An
energy review will enable you to identify how you currently use energy and determine which
activities need to be monitored and managed.
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Energy planning

Energy Performance Indicators can be used to quantify improvements in energy efficiency,
use and consumption at the organization, facility, system and process or equipment level.
Energy Performance Indicators are a measure of energy intensity used to gauge effectiveness
of energy management efforts. These indicators, previously defined during the preparation of
the company's energy policy, express a quantitative value of the energy performance
measurement. The value of energy consumption has to be related to a reference variable that
allows it to be correctly interpreted. For example: kWh/m?, kWh/m?, etc. Responsibility for
determining the Energy Performance Indicators typically rests with the energy management
representative and may involve other members of the energy team, as well as management.
Resources to complete the Energy Performance Indicators determination process are allocated
by top management.

The concept of energy performance includes energy use, energy efficiency and energy
consumption. Thus the organization can choose between a wide range of energy performance
activities. For example, the organization could reduce peak demand, utilize surplus or waste
energy or improve the operations of its systems, processes or equipment. Figure 2 is an
illustrative conceptual representation of energy performance.

Energy
Performance

Fig. 2. An illustrative conceptual representation of energy performance

The following figure 3 shows how based on a series of inputs and outputs of energy planning,
the key meeting points are structured.This diagram is not intended to represent the details of a
specific organization. The information in the energy planning diagram is not exhaustive and
there may be other details specific to the organization or particular circumstances.
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PLAMMNING INFLUTS EMERGY REVIEW

Past and present of energy " An alyse energy uses and ]
Identification of current ’ el e and
energy sources s

Relevantvariablesthat

Base line
Objectives follow up
Plans of action

affect energy use and
perfomance

Fig. 3. Basic diagram of energy planning

Implementation and operation
To implement and operate an effective Energy management system (EnMS), you will need
to:
e Define the roles, responsibilities and authorities of staff with regard to energy use and
energy management.
Ensure that staff is appropriately trained and competent.
There is effective internal communication.
Management system documentation is controlled so that current versions are in use and
obsolete documents are removed.
e Implement operational controls, to minimize the situations were deviations could occur.

Checking and corrective action

You will need a process for monitoring and measuring your EnMS including significant
energy consumption and associated relevant variables as well as assessing actual versus
expected energy consumption. Procedures are required for the handling and investigation of
problems and the organization will also need to carry out audits of the energy management
system. Management review Top management will need to meet periodically to ensure that the
EnMS is still effective and to act upon identified weaknesses and opportunities for
improvement.

Energy audit

An energy audit is defined as a systematic procedure to obtain knowledge of the existing
energy consumption profile of the building, identifying the factors that have an effect on the
energy consumption and identifying and scaling the cost effective saving opportunities.

This article was prepared by within the project VEGA 1/0701/12 Vyskum v oblasti vyuzitia
nizkondkladovej — automatizacie a umelej inteligencie v  procese  tvorby
stereoskopického zaznamu.
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Productivity, Innovations, Improvement

Marek MINDA*, Rastislav GALL"

PRODUCTIVITY INCREASE THROUGH INNOVATION

Abstract
Increasing Productivity through Innovative Processes and Continuous Improvement
approach — the way how to achieve sustainable success.
Why not better equip yourself and your company with processes and tools that will
improve performance, eliminate inefficiencies in all your activities and processes.
Why not look to your weaknesses and opportunities with opened eyes and find
solutions which are easy and bring results.

1. INNOVATION BY NEW TECHNOLOGY SOLUTION

What do we know about the relationship between innovation and productivity among firms?
No matter what your business does, improving productivity can boost your bottom line and can
often be achieved without substantial capital investment. Doing more with less has become a fact
of life in today’s globally competitive market. This event will explore innovative productivity
solutions and help you better understand the principals and benefits of applying “productive”
business processes within your company.

Since labor productivity is the key driver of standards of living in the long run, it is important
to discern the underlying trends in productivity. This task is complicated by the fact that in the
short run, productivity depends on more than those underlying trends. It is powerfully influenced
by the state of the business cycle, as well as by other factors (including simple measurement
error) that leave no lasting mark on productivity.

Progress is a law of life and perhaps nowhere is this more manifest than in the business world.
Indeed, in our fast-paced competitive economies it is vital for sustained success and long term
survival. However, the constant demand for productivity improvement may be counter-
productive in so far as people seem to be increasingly less engaged in their work. Whatever the
reasons for this, improving productivity is unquestionably a greater challenge for you if your
workforce is disengaged. In fact, any lack of productivity improvement may well indicate that
your people are disengaged.

Nevertheless, for the purposes of this paper productivity improvement includes any demand
for performance improvement, and - along with sense and respond, customer experience,
retention and innovation - remains one of the 5 critical capabilities you need to build on for
sustained success. Consequently this is a paradox that you must overcome.

You might better understand the paradox by recognizing that productivity is perhaps a
narrower, more inward-focused form of innovation and that innovation is not something that be

* Nemak Slovakia, Ladomerska Vieska 394, 965 01, Zjar nad Hronom, Slovakia
** Nemak Slovakia, Ladomerska Vieska 394, 965 01, Ziar nad Hronom, Slovakia
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commanded. Since nobody likes to be told what to do this must apply equally to productivity.
Furthermore, because of this similarity, the same actions suggested for enhancing innovation
capability also apply to productivity.

Here however, 5 additional factors have been identified as helping to enhance this capability.
Explained in more detail below, they are:

_ Constructively challenge your subordinates;

_ Challenge all targets;

_ Encourage initiative;

_ Consistently measure performance improvement;

_ Encourage personal development.

Of course this has to be done in the right way if you are to engage your employees rather than
making them more frustrated and disengaged.

We would like to share with you our experience regarding PRODUCTIVITY THROUGH
INNOVATION.

Our company developed and realized robust system for Optical flow test which was done
formal by air system which was very long and expensive approach. The abstract of our innovative
solution you can see at picture no.1. This was first step of Productivity improvement (speed up
process and decrease manufacturing cost)

LightThru Architecture LightThru Inline Automated Inspection LightThru — what we inspect

— 1 position 2 position Bypass
LghiTh :
Main Contl PG M&"immm Camera LightThru ;
Inspection Circumference

Inspection

Mol i
% iy
&
< i a8
. \ —

HMPanel /" LightFhvu Automated nine Inspection Mochi ==

b ] Control PC
s B OptoAplifier
Automation
—1 | )
- @ Receiver probe
@ Sender probe
Operator i
NATIONAL 2. DATALAN = Approximate canal shape
il ’ L WORKS :2“"'”‘.‘"_“ 2 DATALm

Principle of light thru test is evaluation of light flow between light sender and receiver. Based of channel design are instaled senders and receivers.
Senders are step by step sending light signal to receivers. Based of signal intensity change by receiver system is evaluatingif is channel blocked

Light thru moved capability of this

» Curtently established technologies to ensure the wiater jacket quality

test methodology one level upper i o

because it is able to make LeakTest XRay Endoscopy
provision for bypass. By some P Tedt Nocch
channels designs there are areas » Flow Test Disadvantage: i core-buil bypass is y !lq ﬁr:\) H‘?\ Yﬁ’}{\
not possible to test with air, water given, flow test only can dietect failures, if all of the i ® ¥ o ?"\Jﬁ ,G _‘;)A@,)' t
o ser individual channels are defect (se in figure) &
or light thru. Only possibility is \ M
endoscopy - with low » Toavoid this physical disadvantage, Nemak Ziar E AL 2B L e P
productivity and high costs. tried to find a different technology to test the - J
water jacket of GM A20DTR. \

Areas which are

not testable
For example dry air-air test was not able to identify closed passage in bypas In comparison with water or dry air test light thru is able to identify
areas, but light thru is identifyingthis kind of fatal casting failures: blocked chips in channel as well:

Fig. 1. Scheme of operation - Light thru system for 100% flow test for Aluminum Cylinder
Head.
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Second step is to integrate Light thru system with Optical measurement system to one cabinet
as seen in picture no.2

Fig. 2. Integration of Light thru and Optical measurement system in ONE equipment

Last step of innovative approach was to try to integrate as many as possible production
processes to one cell. Semi-finished products are tested in various control units to check
dedicated parameters related product. The process is fully automated to identify any deviation
which are out of scope. Products signed as incorrect are separated and excluded from process.

Compatible products are followed all steps up to final packaging what is the last step before
products are shipped to dispatch store.

The benefit is obvious — SAFETY,PRODUCTIVITY, COST, SPACE MANAGEMENT
AND LOGISTIC ACTIVITY as seen at picture no. 3.

Fig. 3. Integrated Cell view - Material flow through control processes

2. CONTINUOUS IMPROVEMENT ACTIVITIES AS BASE FOR
SUSTAIN GROWTH

We understand in our company that Continuous Improvement is the way to accomplish
higher levels of performance and continuously share our best practices to innovate our systems
and processes.

Development people to build the Lean Manufacturing mindset as a support to the
sustainability of improvements are inevitable and essential.

If we can make the weakness transparent, then the continuous improvement cycle can
be sustained.
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For organizations to be successful over the long term, leaders must deeply and personally
understand the principles that govern their success. Further, they must ensure the behaviors of
every person who contributes to the business are in harmony with these principles. In short, the
organizational culture they build must be grounded in correct principles (picture nb.4).

BUILD ALLIGN ACHIEVE
PRINCIPLES

Fig. 4. Continuous Improvement model based on principles

3. Better Way Every Day

Pro
Asses:

Lean Tools

Effective
Processes

PEOPLE

Guiding Principles:

Create Value for the Customer
Create Constancy of Purpose
Think Systematically

Focus on Process

Embrace Scientific Thinking
Flow and Pull Value

Assure Quality in the Source
Seek Perfection

Lead with Humility

0. Respect Every Individual

SN R WD

Systems build on Principles with focus on people and effective processes will be able
provide us New Behaviors:
Continuously improving our processes as a part of daily routines
Thinking People System > Think First > resolve problems
Sustainability of CIP by making weaknesses visible
Better company perceiving in Customers eyes
Lean leadership by involving employees
Necessary involvement and endorsement of Top management

Better way every day is not just cliché, but this is part of our philosophy where involving
people in daily improvements means bring into our processes innovation which help us increased
productivity.

YVVVYVYVY
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Risk valuation, Quality problems, FMEA, Assembly line, Automotive

Dariusz PLINTA®, Ewa GOLINSKA™", Patrik GRZNAR™

RISK VALUATION CONNECTED WITH ASSEMBLY
OPERATIONS IN THE AUTOMOTIVE INDUSTRY
EXAMPLE

Abstract
The issues of possible quality problems that may occur in the spoiler assembly in
the automotive enterprise example have been presented in the article. Pareto-
Lorenza analysis has been used in the research. The author has presented an
example of a procedure of conducting FMEA in an organization — the procedure
of failure mode and effects analysis.

1. INTRODUCTION

The changes on the car sales market require introducing elastic production systems that
enable adjusting the series of the cars produced to the market demand and potential customers’
taste. Instead of the need to construct cars adjusted to average tastes, produced within the global,
mass production, there is a growing market demand for individuation of offers, oriented on
customers’ preferences and needs. Car producers aspire to provide the maximization of the
options to choose from while searching for different variants of cars. More and more often the
cars produced are adjusted to individual requirements of customers. The market demands
presented above make the management of final car versions complicated. The cars produced at
the assembly simultaneously, are of different workmanship and have various fittings. This
situation causes diversity of the assembly activity durations. In addition, the vacillations of
customers’ tastes influence the complexity of the process. This situation made the minimization
of the production costs and human resources management become one of the most important
criterion for production (next to the quality requirements, duration of the order completion, and
the originality of carrying out the project from the customer’s point of view)[4].

In the article on the example of the spoiler assembly one of popular methods of the risk
valuating is discussed in the process - Failure Method and Effect Analysis. Analysis of causes of
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problems and mistakes is conducted to the purpose of identifying and the counteraction for
potential risks and threats in functioning of specific areas of the organization. It is used in the
process for the minimizations of losses caused by the product quality failure.

The computer tool, supporting the quality management is Computer Aided Quality
Assurances (CAQ). In this area organizations have to choose from huge, multimodule systems
which besides their complexity have a lots of defects - in it high the price of the software and
problems in the service; as well as dedicated programs, appropriate for small and medium
enterprises [1].

2. ASSEMBLY LINE QUALITY PROBLEMS

A model of the assembly work in one of the motor companies presented in the thesis and
specialized in producing motor cars, is utilized in accordance with the tendencies described in
the introduction to the article. It differs from typical mass or serial production. A car assembled
is unique to a considerable degree, geared towards individual needs of customers. The
company mentioned above produces cars only to specific customers’ orders. Introducing a
multitude in the assembly operations variants causes higher probability of mistakes made by
workers, resulting in the assembly breaks, and the necessity of creating buffer stores in order to
minimize the results of disruption. Their elimination is connected with considerable financial
outlays. Those sections, especially no. 9, are very often stopped in order to correct mistakes.
The research shows that most of disruptions within the assembly section no. 9 occur at the
workstation no. 9.8 the workstation of spoiler and back seats assembly [2].

The process of the spoiler assembly includes three basic variants - assembly of the
spoiler in the classic version ,city version and sport version - this variant is presented in the
article. Models without spoiler are also made. The part of the workplace procedure P_9.8 is
showing (Fig. 1). The procedure determines the appropriate manner of the fitting on this
workstation. In the production practice parts, replaced in procedures, given are individual
encoded version, enabling their explicit identification.
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Fig.1. Procedure P_9.8 concerning operations performed on the 9.8 workstation
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In the first phase ten kinds of defects which can come into existence at the spoiler assembly
were determined. An amount of cases of the appearance of the given defect is a measure of the
defectiveness. On the basis of the number of cases of the appearance of the incompatibility and
the accumulated directed number appropriately a Pareto chart and a Lorenz curve were compiled.

3. FAILURE MODE AND EFFECT ANALYSIS PROCEDURE

The Failure Method and Effect Analysis consists he analytical of establishing connections
causally - consecutive of coming into existence of potential defects in the product and for
including in analysis of the criticality factor (risks). Consistent and systematic identifying
potential defects in the structure/product/process, and next eliminating them or minimizing
risk associated with them, are an aim of the method. Using the Failure Method and Effect
Analysis it is possible it respect on of principles of the quality management - of constant
improving. The FMEA is and really subjective method, so the proceedings should be explain
for a workers (Fig. 2) [3].

THE AIM

ﬂ DEFINITION

ﬂ‘ team working crastion.

research preparing:

- the scope and the date

- data collection

- the functional
disintzgration of the
product or procedures

qualitative and
quantitative gnalise of

I
L=

Is the risk higher

NO ‘::> taking precautions
from accepted level? I:> of correction actions is
ﬂ umnecessary

YES b
. theend of the
r FMEA analysis o
L

precautions of

correction actions plan
s

c: quantitative gnzhise
— of defects
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Fig.2. Fragment FMEA procedure (flow diagram) proceedings at of risk valuating
The main aim of this procedure is maximum leveling the risk valuating, during analysis led

by different experts. Everyone from possible to allot rankings (in the scale 1-10), grouped to
three areas (meaning of the potential defect for the customer, frequency defect of, possibility
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of detection) which about the priority size numbers of the risk constitute (RPN) should be
possibly exactly describe. The estimated RPN value enables to take the managerial decision,
for which data is a base from analysis, and tied directly with taking or ceasing to take
prevention/correction activity. During the problem analysis author established, similarly how
the majority literature sources are giving, as well as the experiencing from the production
practice that a critical RPN value will be on the level equal 100. From this value, in the
automotive company, the prevention/correction action will be taken for appearance of the
analysed incompatibility. The author wants to give extra weight to, that according to the
contemporary attempt at analysis FMEA, RPN indicator isn't an important criterion in
determining the priority of action - every time first it should be concentrate on action about
highest (on level 9 and 10) for meaning for the customer which are tied up with the safety of
the use and meeting legal requirements (critical characterizations) [5].

4. CONCLUSION

To sum up for the FMEA it is possible to say, that it is the systematic method being used
for an evaluation the size and criticalities of potential mistakes and their coming into existence
sources identification. In it important is evaluation of connections between individual causes
of the damage and risks being able to cause losses is material. Knowing these relations it isn't
possible to omit analysis of real effects of their becoming known (not every error means
catastrophic losses, so financial as well as in perceiving the company by customers). This way
so the FMEA in fact is an evaluation of the ultimate influence of appearing of risks in the
process. Every potential error is also being analysed under the identifications of most effective
action preventing/correction or minimizing the incompatibility occurrence. Success of the
FMEA analysis depends on many factors which it is possible to divide in organizational factors
(ensuring stores, planning, commitment, awareness of needs, effective implementing
applications) and factors connected with the skill level for conducting analyses of this type
(ability of applying of the FMEA sheet, ability to take the group work up, qualifications of the
team moderator). It is essential to remember that the FMEA sheet is a “living” document which
needs to be constantly revised.

This paper is the part of research supported by: APVV SK-PL-0030-12.
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Simulation of manufacturing processes, Activity based costing
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SIMULATION ANALYSIS OF MANUFACTURING
PROCESSES WITH TAKING INTO ACCOUNT
PRODUCTION COSTS

Abstract
This paper presents contemporary approach to analysis of manufacturing
processes by simulation with taking into account the Activity Based Costing.
Possibilities of contemporary simulation software and tools for activity cost
determination are described in this paper and illustrated by practical example of
simulation with cost calculation for exemplary manufactured part.

1. INTRODUCTION

With development of production techniques, increasing complexity of production processes,
increasing cooperative ties, growing varieties of final products, developing data processing
systems and increasing requirements of calculation precision some new methods of production
costs calculation start to develop [3]. Together with the development of these methods,
participation of costs in self-cost of products established by ‘“averaging” or by overheads
decreases. Joining the indirect costs with the particular places of costs formation, with which
different products can be executed according to different production techniques, we receive the
costs calculation in accordance with places of cost formations.

Dividing a yearly sum of costs by the assumed yearly fund of machine work, which is used in
the calculations of production cost, we receive the rate of machine’s hourly work to be used in
production costs calculations.

Some operations can be accomplished on different machine tools. Some of them are
performed in cooperation. Use of the overheads in calculation algorithms can distort calculation
results. The products made on simple and inexpensive machine tools are often executed in a too
expensive way, while those treated at expensive workplaces make their production costs lower.
There is a danger that product prices are calculated in a wrong way, which may bring losses.
Therefore, a trend to minimize the overheads is visible. Bringing the overheads to zero, a
transition to adding calculation according to the method of costs of activities does not always
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seem to be profitable. The cost of collecting all indispensable information can even exceed the
effects of the precision of the assumed costs [4].

Determining costs of each activity connected with product manufacture, apart from the
indirect costs, which are defined by the overheads, we proceed to modern, quickly developing
calculations according to methods of activities costs. The idea of activities costs account consists
in clearing of indirect costs for products, determining some suitable methods of their
measurement and settlement. Indirect costs are divided into very simple components connected
with simple activities and then, each of these elements is added to direct costs by a properly
chosen accounting key [1].

The activity based costing also found practical application in computer simulation of
production processes. During simulation model building of such a process, we define activities,
which we attribute different parameters, also costs. Practical examples described further in this
paper confirm it.

2. MODEL OF THE PRODUCTION SYSTEM

At projecting and analysing of the production systems a large number of possible variants of
solution often occur. Their complexity often makes it impossible to choose an optimal solution.
Then, the method of modelling and simulation of production processes, becomes very useful.
While working out the model of production system, the following data should be collected [5]:

— information about accessible resources - machines, means of transport, workers,
organization of work and planned repairs,

—  plan of production - types of products, quantity of pieces,

—  manufacturing processes - operations, times t; and t,,

—  material costs,

—  direct labour cost,

—  workplaces costs, etc.

The prepared production system model can be further improved and next simulations can be
made for various variants of the system (new machines, different quantity of treated elements,
different sizes of buffers, expected disturbances and possible breaks e.g. connected with planned
repairs of machines, alternative processes of manufacture). In the analysis one can additionally
take into account the costs of investment or manufacturing costs for different variants of the
designed system [2].

The implementation of the method of Activity Based Costing is not easy in practice. The
method is connected with all processes, which are realized in the production organization.
Processes do not finish on the border of organizational units, but they spread into functional
ranges. Implementing calculation based on activity analysis brings about not only the change of
calculation procedure itself, but the change of an organization, enterprise, reorganization of the
way of cost measurement and record. This method, unlike the traditional cost account, seems to
be easier to understand by workers, who have no contact with accounting [1].

The starting point for preparing activity cost account is creating a database of all activities
performed in an enterprise. Apart from activity identification, it is also necessary to describe
them, that is: to determine by which departments the operations are carried out, how many people
perform actions which compose the given activity, what is their work time, what meaning the
separated activities have for the enterprise, what data express effects of activities. The specified
direct, indirect activities and connections between them create the so called map of direct and
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indirect activities. For simulation of manufacturing processes it is necessary to determine direct
busy and idle costs per hour for all used workplaces and initial costs for manufactured parts —
Fig.2.
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Fig.2. Preparation of costs’ data for simulation

3. RESULTS FROM SIMULATION

After modelling of the production processes and simulation of weekly production we obtain
information about duty of workplaces, the time of order realisation and production costs for
final products and workplaces.
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Fig.3. Simulation model of the shaft seat and production costs forming during simulation

During simulation each new part, which is put into a production system, has automatically
attributed initial costs like value added, non value added, wait and transfer costs and later are
added other costs of realized on these parts activities as working processes, waiting before
workplaces and transfer between them. Busy and idle costs are the main parameters of
production workplaces. These costs should be determined for all workplaces. These costs
multiplied by operation time gives the costs connected with manufacturing of a unit part.
During simulation, the software can automatically count costs for every processed part. After
the conducted simulation, such software generates a set of results, for example, costs for
successive parts and for workplaces.

Thanks to simulation, it is possible to compare different parts from the point of view of
their realization time and costs of the realized activities.

4. CONCLUSIONS

The introduced example proves that activity based costing can find application in analysis
of manufacturing processes together with the use of the modelling and simulation method. It
improves the efficiency of research — designing and analysis of existing systems functioning. It
gives us the possibility for designing a working system which is close to the optimum from the
point of view of costs and time of task realization.

This paper is the part of research supported by: APVV SK-PL-0030-12.
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