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Abstract
Within production system designing are important especially these activities: philosophic and conceptual aspects of
technological innovation, modelling, existing solutions certified in praxis, financial and material security of innovation
changes and multi-purpose and purpose innovation projects. The aim of every project is optimal reduction of designing
processes by simultaneous observance of required quality and costs minimisation. Nevertheless it is important to use
innovation methods, tools and procedures within solving the various designing problems. This article is oriented on the
designing of assembly system through the interconnection of virtual reality and physical reality. The result of this
connection is mixed reality, which can be used as a useful tool in the 21st century.
Keywords: design; assembly system; mixed reality; 2D and 3D modelling.

1. Introduction
In the present time, innovation methods, practices, tools as well as modern technical and software equipment
significantly influence the area of assembly systems design. Contemporary development in this area is affected mainly
by progress, which is achieved in modelling of simulation, information, communication and computer technologies [1,
2, 18, 22].
Production systems are converted into finished production processes and the most important representative of these
systems is assembly [3, 4, 38, 39].
Design of assembly system despite the achievement progress requires another integrated development
and enhancement about new principles and solutions.
Within assembly system design are important especially these activities: philosophic and conceptual aspects of
technological innovation, modelling, existing solutions certified in praxis, financial and material security of innovation
changes and multi-purpose and purpose innovation projects [5, 9,13, 32].
Verification and tested software CAx systems will allow creation of digital models of assembly system and their
simulation verification in virtual reality, which allows to optimize designing processes and to reduce risks of nonoptimized proposals [6, 10, 16, 41].
New algorithmic procedures of assembly system design on the base of mixed reality modelling supported with CAx
technologies originate primarily as the consequence of experimental verification implication [15, 22, 23, 42, 43].
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2. Theoretical support of innovative design
The philosophy of innovative, alternative, interactive and participatory design is based on the assumption that the
solution of the assembly system has three stages [8, 10, 16, 24, 40]:
1. It is proposed the initial set of assembly system of variant solutions in line with created goals. It can be used
various methods for determining the variants of solution (analytic, morphological, hierarchical generation, usage
of reference solutions, etc.). In the case of less complex tasks it can be used the intuitive concepts of generating
the variants on the base of the reference type models.
2. It is defined acceptable solutions and excluded the inappropriate variants of solution for assembly system either
on the base of the intuitive approach, respectively on the base of usage of logical and mathematical methods.
3. It is selected the optimal variant of assembly system solution as the final stage. There are applied also the
decision-making methods, respectively optimization criteria. Optimal variant can be obtained on the basis of
comparative methods (reference projects), on the basis of simulation activity, etc.
Illustration of the approach to the design of assembly systems in accordance with this philosophy is shown in Fig.1
[14, 15, 18, 26, 33, 39].
Innovative design of assembly systems currently uses modelling in all stages of solution and it is supported with the
software products.
The importance of assembly system modelling is important for the development of new approaches in designing and
optimizing their solutions. Current development trends in the production companies that lead to quickly “adapt to
market” structures require their adaptability to all hierarchical levels of design and implementation [17, 29, 32, 35].
Used hierarchical decomposition on the individual levels of solution enables optimization of project assembly
structure. This is done in the related detailed activities of the projected process. As the basic construction units are
considered autonomous assembly modules. Assembly systems of higher rank are created from these modules [12, 18,
31, 33, 37].

Fig. 1. Illustration of the approach to creating design solutions of assembly systems
3. Methodical procedure of assembly process modelling
The methodological procedure algorithm of model creation of assembly system is shown in Fig. 2 [32, 34, 38].
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Fig. 2. The methodological procedure algorithm of model creation of assembly system
Methodical procedure of assembly processes modelling and their implementation systems can be divided into four
levels [21, 27, 37, 40]:
 At the first level, it is created a conceptual model for assembly process solving. The conceptual model expresses the
principled scheme of assembly process and determines the composition and sequence of implemented stages. At this
level of modelling it is appropriate to create several variants of symbolic functional structures of assembly process,
especially if the optimal sequence sub-processes implementation is a precondition for the effectiveness of the entire
solution. Graphic presentation of the conceptual model in this case shows the distribution of assembly workplaces
and systems, which implements partial or complete sections of assembly process and material flows. On a similar
principle, especially in the design of automated production, are modelled information flows. As information tool for
generating variants of conceptual symbolic models may be used reference solutions and project types.
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 At the second level are created models of assembly operations (processes) and models of the functional activity of
production workplaces and systems. Models are oriented on composition and sequence of operations (functions)
implemented in all operations and operational activities at the workplace, respectively in the system. If the model is
oriented not only on the functional activity, but also on the technical conception, there are specified technical units
and tools. Decomposition of the functional activity can be implemented into the micro level corresponding,
especially to the movements of elements or units. The result of this stage of modelling is again a number of variants
from which is then selected optimal variant within the selected decision-making and optimization method.
 At the third level it is implemented parametric description of models. At this level of solution, are quantitative
parameters assigned to individual functions (time characteristics, ranges, speed of movements, etc.). The necessary
condition is that these parameters are specified in preceding stages of the design solution, or in the reference
patterns.
 At the fourth level are elaborated spatial and time charts. These charts reflect the spatial and motion functions
performed with the implementation tools, as well as corresponding time dependences.
4. Creating of virtual reality in laboratory conditions
In our laboratories were realized several kinds of laboratory experiments with appropriate laboratory equipment [3,
4, 5, 6, 26, 31].
a. Integrated laboratory of managerial and project system
This laboratory includes:
Horizontal design table (work with project table – Fig. 3) designed for creating 3D physical models of the assembly
system concepts and plants, including planning and managing their activities. It enables teamwork of different
specialists. It uses the 3D models of construction equipment (machines, robots, vehicles, etc.) for generating variants of
production systems in appropriate scales.
Digital camera system is used for capturing and digitizing the projected assembly system (scenes) for the CA
technologies treatment.
2D presentation system displays 2D conceptual computer generated scenes on project table.
PC system with CA technologies is used for the assembly of digital and virtual projects at conceptual level and
detailed level including their simulation verification (DELMIA software modules for the design of digital factories,
respectively other CA systems).
3D (2D) is used as presentation system for displaying virtual project scenes.
Virtual technical equipment (data glove, helmet display, 3D projector, etc.) is used for generating of the work in
virtual reality, e.g. assembly.

Fig. 3. Work with project table
It enables the new form of interaction between the computer and the designer. Multitouch technology combines
display technology with sensors that are able to watch more entry points. The technology lets users the interaction with
computers.
The device is used for visualization and manipulation of objects in virtual reality. For the implementation and
sensing of Multi-Touch points is used the applications CCV (multitouch open-source framework).
b. Department of virtual reality
It consists from modern hardware and software equipment that supports work in virtual reality.
Data gloves CyberGlove II (right and left) sense the spatial movement with 18 high-precision measurement sensors.
They use patented resistive technology for accurate transformation of hand and finger moves in real-time data [23, 24,
25].
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Wireless glove CyberGlove (Fig. 4) from Immersion Corporation is equipped with 18 sensors that detect movement
of the fingers and hand. It uses a precise and sensitive motion technology to fingers and hands in real space and
transmits them in to the virtual space.

Fig. 4. Cyber Glove II – physical movements of data glove in the virtual reality
The basic system includes a glove, 2 batteries, battery charger and USB wireless adapter with drivers [30].
Sensing runs under magnetic method. It uses sensors that are clamped to the glove. They respond to low frequency
magnetic field generated by the source. The computer then analyses the given location and movement in a magnetic
field and this motion is transferred into the 3D environment in which the device operates. Sensing of the hand position
in space provides "track" facility. Ascension Flock of Birds is a device that captures and transmits the behaviour of the
motion sensor to the computer. Flock consists of the device itself, transmitter and motion sensor, which is mounted on
the wrist. Connection is made via the serial RS-232C port.
c. Computer network
Computer network with hardware and software for virtual reality modelling is equipped with 2 workstations, 5 specialized PC (CA), 10 classic PC stations with the accessories, CAD and other specialized software. Software
modules of the DELMIA allow virtual 3D productions. Development and validation of production processes is in the
connection to the product in all its development stages. Academic license includes the whole portfolio of solutions
DELMIA.
DELMIA PLM Express is used in the laboratory conditions primarily for digital plant solution in the small and
medium enterprises. Human Work Analysis is used for simulation and ergonomic analysis of the human body in the
production environment and the factors that act on it. It includes modules Workplace Simulation (HSU), Human
Catalogues (HCU) and Human Work Analysis (HAU).
For the valuation of human physical activities in non-automated work activities are used the function RULA. Setting
the parameters and analysis results are displayed in the dialog boxes and tables. In the score section of the RULA
analysis dialog window shows partial results, respectively burden assessment of body parts and the resulting evaluation
score. [19, 20] 3D model with ergonomic analysis and 3D animation of selected workplace are shown in Fig. 5 [16,
17].

Fig. 5. 3D model with ergonomic analysis and 3D animation of workplace
On this workplace were realized RULA analyses.
The final score can have a value from 1 to 7 and is also expressed in colour. The meaning of several values is
following:
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 1 and 2 (green) – indicates, that the posture can be accepted under the assumption, that it is not the same for a long
time or it is not often repeated for a long time,
 3 a 4 (yellow) – indicates the need of further detailed research and then, maybe be necessary to change the postures,
 5 a 6 (orange) – indicates, that the research and the changes are necessary in very short time,
 7 (red) – indicates, that is necessary immediate to research and to change of the postures.
This final score is accounted as a middle value from the partial scores of the particular body parts. For every body
part exist a separate evaluating scale (see Table 1).
Segment – part
of body
Upper arm
Forearm
Wrist
Wrist twist
Neck
Trunk

Score
from 1
to 6
from
1to 3
from
1to 4
from
1to 2
from
1to 6
from
1to 6

1

2

3

4

5
Yellow

6

Green

Green

Yellow

Red

Red

Green

Yellow

Red

Green

Yellow

Orange

Red

Green

Green

Yellow

Yellow

Red

Red

Green

Green

Yellow

Yellow

Red

Red

Green

Table 1. Realized RULA analysis
5. Creating of physical reality in laboratory conditions
On the basis of virtual reality, we made experiments also in physical reality. This research was made according to
results from virtual reality and on this research it was used the physical equipment of our laboratories. View of the
experimental work carried out by the data glove is shown in Fig. 6 [33, 39].

Fig. 6. Physical realization of work by data glove
During the realization of work (e.g. assembly) are sensed the hand movement trajectories with the data glove.
Implemented movement is recorded and displayed in virtual reality on a computer terminal screen of workstation. Each
trajectory corresponds with the motion of data glove sensor [35, 36].
6. Creating of mixed reality in laboratory conditions
In terms of the assembly system conception and its spatial structure are innovative practices based on the mixed
reality modelling of assembly systems particularly effective in the development of assembly clusters of higher rank [7,
9, 28, 40, 41, 42, 43].
Manipulation with physical model through virtual hand is shown in Fig. 7 [11, 25, 31].
This is the result of our research, where we found interconnection between virtual and physical reality in laboratory
conditions and we have shown and also we believe, that mixed reality is the future of the innovative design of assembly
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systems. This mixed reality has advantages from two areas (physical and virtual reality) and it puts them into one bigger
reality, named mixed reality.
Our results can be also interpreted as an experiment, in which we tried to find the basis for the future research in the
area of innovative design of assembly systems, because in the mechanical engineering area is still the place for
improvements, which will people use in various areas of their life as a useful tool in the 21st century.
So, we can state, that our hypothesis about mixed reality was correct and we found the connection between virtual
and physical reality and we tested it in real conditions and results show the exploitability of this tool in the 21st century.

Fig. 7. Transformation of physical movements of data glove into the virtual reality
7. Conclusion
Assembly system conceptions projected as the new generation systems represents complex integrated solutions
created on the basis of exploitation modern software, information and communication technologies [1, 18, 24, 40].
Technical and software tools contribute to increasing of productivity, projection activities, quality, products and
services value and decreasing of assembly time [6, 14].
The problem was to create innovative design of assembly systems in the area of mixed reality, which is in today´s
competitive environment one of the biggest challenge for the industrial companies. We proposed the methodological
procedure algorithm of model creation of assembly system, which we can use as a scheme for our research today and
also in the future. Then we put all inputs in the virtual reality, in which we realized our research. After modelling in the
virtual reality, we focused on the creating of physical reality and in the final stage we focused on the transformation of
virtual and physical reality into the mixed reality and in this area we modelled the assembly systems. So, in the
laboratory conditions, we found the interconnection between virtual and physical reality and the creation of mixed
reality as the result of our research will help us in the future research, which we have to focus on the modelling of
assembly systems, but not only in the laboratory conditions. Our vision is to help small and medium industrial
enterprises to see their future possibilities in the area of assembly systems modelling.
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