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Abstract—Today’s advanced production industry faces
challenges of increasing quality and competition
requirements in the global market. The new aspects of
cooperation between the production industry and metrology
laboratories enable a development capacity providing an
information highway and expertise exchange by
accommodating rising demand of services. This paper
proposes a novel approach to develop a global network on
two different continents that will moreover be a model for
the industry without any limits of location, time difference
or facility.

Due to the high cost of special infrastructure, equipment
and expertise for production of complex components, this
study also proposes a strategic approach to develop a
remotely controlled high precision metrology system with
high accuracy as well as with the smallest measurement
uncertainties for the micro- and nanotechnologies and
intelligent integrated management system applicable in
advanced manufacturing industry. This will provide a
roadmap for the industrial applications as well as in
educational organizations with the developed and integrated
low-cost telepresence and teleoperation system.

Index Terms—Advanced production industry,
precision metrology, teleoperation, telepresence.
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1. THE CURRENT CONDITION

The advanced manufacturing industry has progressed to
innovative products and industrial applications with a
broad range of areas by means of developments in micro
and nanotechnology. During the last few decades, micro
and nanotechnology has changed from a technology only
applied in research laboratories to a technology that is
practiced in manufacturing and industrial applications.

The European Commission, which has defined
nanotechnology as one of the Key Enabling Technologies
for growth and jobs, has supported nanotechnology
projects over the past decade by the Seventh Framework
Programme (FP7) with the largest single share of funding
for nanotechnology, of EUR 896 millions for the period
2007-2011 and now continues by the new founding
initiative Horizon2020 [1, 2, 3].

However, the innovative products with structures in the
micro- and nano-scale represent interdisciplinary set of
complications in integration processes with quality
problems. As the challenges of improving quality of
consumer goods and further advanced products are
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inevitable part of the next-generation manufacturing,
convenient solutions are required to be developed that will
enable to overcome the challenges. These ‘“grand
challenges” have been recognized and are addressed by
the Europe 2020 strategy [4].

The new aspects of cooperation between the research
institutions and the manufacturing industry will provide a
development capacity for high quality and innovative
products. The development of information highway,
technology and advanced engineering data exchange
techniques make global information systems by means of
collaborative and interactive environment [5]. Hence, this
paper proposes a model of remotely controlled research
facility for educational purposes that will moreover serve
as a system applicable in the advanced manufacturing
industry.

The rapid development of internet technology has
enabled additional approaches in laboratory and
educational systems by applying telepresence [6].
Effectiveness of teleoperation and telepresence can be
maintained by development of necessary expertise on the
role and value of the laboratory work [7].

Moreover, universities have to reconsider their position
as organizations that provide exclusive education to
evolve by integrate and exploit advanced and flexible
ways of their relevant capabilities, by means of their units,
laboratories with both real and virtual technologies [8].

II. A MODEL OF GLOBAL COOPERATION

A. Advanced Production Industry

Cooperation of the next-generation manufacturers with
technology developers has made an indispensable
requirement for precision in micro- and nano-scale in the
production  line. ~ The  micro-components  and
nanostructures have opened now a new era in the
geometrical product specification standards that covers
not only the quality aspects but also mandatory efficient
integration of sub-components to create the product. The
needs of the next-generation manufacturing industry for
ultra-high precision engineering and workpieces with a
surface roughness less than few nanometers call for
measurement instrumentation that can be applied reliably
in modern production processes, together with
international standards defining parameters and tolerances
in the nanometer scale, using in a high accurate
environment such as high precision metrology laboratory.
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The production of very precise components goes hand
in hand with the development of the necessary metrology,
and a wide range of measuring instruments has been
devised to cater for the evaluation of surfaces and
structures down to the 0.1 nm level. Particularly
noteworthy are the stylus profilometer, the atomic force
microscope, the scanning tunneling microscope, the
polarizing interferometer, the laser profilometer and the
X-ray interferometer. This powerful array of instruments
provides a measuring capability which ranges from 50 pm
to 15 mm in surface amplitude and from 50 nm to 250 mm
in surface wavelength, and techniques for roundness
measurements to 1 nm and displacement calibration to 10
pm, traceable to the national standards of length [9].

The concept of remote controlled high precision
laboratory may help industry for the robust and repeatable
nanofabrication of structures with atomic control of size,
geometry, shape, spatial position, location, orientation, run
out and chemical composition.

The increased international networking of research will
not only support the transfer of knowledge, but also utilise
potential synergies in the field of laboratory infrastructure
in partner institutions. The ongoing rapid development of
information technology and global networks as well as the
convergence of virtual and real worlds are the key factors
in the modern industrial production. Production processes
will be designed to dynamically and efficiently. The
production of the future will be characterized by a fully
integrated and highly flexible production chain with
integrated intelligent systems under guidance of
international standards [10].

The quality management system that can be integrated
with the environmental and energy management systems
in compliant with the international standards is the
fundamental strategy to obtain the required operation
conditions for a competitive manufacturing organization
(Figure 1) [11, 12, 13].

IS0 9001
1SO 14001
1S0 50001 ¢

Figure 1. The integrated management system of quality, environment
and energy

The management system is modeled based on the
continuous improvement approach. The closed loop
model identifies the Plan-Do-Check-Act processes to be
determined, audited, documented and improved as the

strategy develops towards advanced manufacturing
technology such as intelligent management system
integration.

The approach of overcoming the challenges that can
occur is proposed in this work by means of process
management toolbox analysis. The management system to
be implemented in a manufacturing plant is modeled and
represented in the Figure 2.
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Figure 2. The process flow of integrated management approach in a
manufacturing plant

The process flow of integrated management approach
in a manufacturing plant offers the case studies and future

estimations to be processed before. The process
management simulation toolbox [14] provides the
reporting system that is used for calculation of

development aspects in the plants in terms of cost, labor
use and resources, which is applicable to any kind and size
of organizations. The approach of modeling enhances the
efficiency of modern technology integration plans in the
industrial plants.

The next-generation manufacturing industry integrating
the teleoperation with intelligent automation requires
quality control for their operation. Metrology as the
measurement science provides the functional methodology
for quality control under the defined specifications and
standards.

The quality assurance process starts with the data
collection and evaluation using the measurement science
methodology. When considering the teleoperation quality
assurance, it is required to deal with complex, variable
and dynamic control problems of the production process.
Hence, the design system and other manufacturing
processes must be considered as a whole while
implementing the self-optimizing process. This approach
can be summarized for an intelligent measurement
process with the following tasks:

* Automatic intelligent measurement by using
CNC metrology

* On-line and Off-line CNC programming of
measuring instruments

*  Automatic changing of workpieces

*  Automatic changing of probes and sensors

* Automated evaluation of measuring results

*  Sophisticated network system

The proposed solution methodology can be considered
as a further step with a target of intelligent and
economical manufacturing environment using the quality
assurance cycle as represented in the Figure 3.

The operating models to the manufacturing plants are
developing to keep up with the robotic and automation
applications for advanced industrial processes [15]. The
simulation of the control systems for development of
computer aided, automated production are demand driven
aspects that states the future of the manufacturing industry
[16].
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Figure 3. The intelligent manufacturing system

B. The Requirements of High Precision Measurement

Advanced technologies in precision engineering,
machining, biotechnology, optics, electronics, materials,
will increasingly require high-accuracy qualification of
mechanical and electrical properties in addition to
physical dimensions. The need for new high precision and
innovative measurement techniques are indispensible to
provide reliable measurement results with small
uncertainties at the micro and nano-scale production
concurrent with the latest nanotechnology developments.

Industry may require high-quality nanometrology
rooms for the robust and repeatable nanofabrication of
structures with atomic control of size, shape, spatial
position, and chemical composition.

It is very significant and essential to make scientific
research in accordance with global standards, so that the
measurement results are to be acknowledged
internationally in the scientific world. In addition to this,
global standards help the accuracy on sub-micrometer and
nanometer scales to improve. This creates the need of a
measurement laboratory, which is carefully and properly
designed and ensures high accuracy for measuring with
the smallest measurement uncertainties. Making certain of
consistent and reproducible environmental condition is the
key factor for designing and building such a laboratory.

The most important environmental measurement
influences are:

* temperature (thermal conduction, convection and
radiation)

*  vibrations
*  humidity
*  pollution

The structural organization of a precision measurement
room ensures that most of these disturbing influences will
be reduced and kept constant. The High precision
measurement room — Nanometrology Laboratory of the
Vienna University of Technology demonstrates the
demands for such a building and features of technical
realization (Figure 4).

The aim for planning a high precision measurement
room is to minimize by structural organization most of the
disturbing influences on the measuring instruments
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Intelligent Measurement Cell

installed in the measurement room and the measuring
process [17].

The High Precision Measurement Room -
Nanometrology Laboratory located in the basement of the
main building of the Vienna University of Technology, is
of the surrounding buildings separated mechanical and
structural -concept of "room-in-room"- and has solid walls
and a concrete slab (30 cm thick), which is passive
vibration isolated from the environment and in such a
manner it also prevents a transfer of building oscillations
through the base plate on the installed measurement
devices.

The system consists of "High precision measurement
room — Nanometrology Laboratory", control room, sluice,
entrance hall and machine room.

To obtain reliable measurement results, an environment
with defined values for temperature, humidity, air
pressure, air speed and particles in the laboratory is
necessary. Through a powerful air conditioning system,
there will be the continuous monitoring and control to
perform the constant environmental conditions in the
laboratory. There exists a moderate overpressure in the
laboratory. This slightly overpressure of about 10 Pa in
the measurement Laboratory is to prevent the irruption of
unfiltered and unconditioned air when doors are opened.

Only an appropriately designed laboratory with
consistent and reproducible environmental conditions may
guarantee precise measurements with high accuracy and
the smallest measurement uncertainties. Hence, this study
presents a system of high precision measurement facility
by taking advantage of the potential to optimize the use of
own technological resources at an university department.
It is of course an interdisciplinary challenge to implement
a working platform creatively based on these concepts.
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Figure 4. High precision measurement room — Nanometrology
Laboratory of Vienna University of Technology

III. THE MODEL OF A GLOBAL COOPERATION FOR
HIGH PRECISION METROLOGY APPLICATIONS

In the field of precision metrology, measurement results
are influenced by temperature, mechanical vibration, dust,
pollution and humidity. The High Precision Measurement
Room and Nanotechnology Laboratory at the Vienna
University of Technology fulfils all the necessary
requirements.

The teleoperation in this work gives us the possibility to
operate sophisticated devices for particular workpieces.
As the internet highway is more and more improved, the
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teleoperation and its usage develop rapidly. This
empowers new opportunities in relevant fields and reduces
the costs.

The telepresence widen the teleoperation to a distant
environment and allows users to interact in a dynamic
two-way method with a set of technologies in order to
allow presence, operation of equipment and interaction
with peers in both visual and audio format.

In order to reach the goal of remote laboratory concept,
the first step is to build up a telepresence system in the
high precision and nanotechnology laboratory, so that the
remote experimental work is not only conducted in the
framework of the measuring instrument software but also
is supported by video and audio integration to the
instrument room (Figure 5).

AuM Telepresence

| Mobile Camera |

Pan/Tilt Camera Measurment Smart phone \"_1
instruments
Communication
USB Webcams CMM | ‘
Laser Scanner
\_'_l "
Digital Microscopy Mobility
Observation
| J
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Figure 5. Main components of the telepresence system

There are four different main components of the
telepresence system. Each of these four components is a
significant part of approaches, which make alltogether an
efficient telepresence system. These approaches are as
following;

*  observation
*  operation

*  mobility

* audio

In the high precision laboratory, there are various
measuring instruments available. The telepresence system
gives an overview to the laboratory activities so that the
user is aware, if anybody is in the laboratory and/or
working on any of the measurement instrument (Figure 6).

USB webcams, mobile cameras and pan-tilt (ip)
cameras carry out monitoring of the laboratory and
experiments. These cameras are configured and operated
by an operator-pc, which was programmed as a
zoneminder (zm).

Zoneminder is an integrated set of applications, which
provide a complete surveillance solution allowing capture,
analysis, recording and monitoring of any cctv or security
cameras attached to a linux based machine. It is designed
to run on distributions, which support the video for linux
(v4l) interface and has been tested with video cameras
attached to bttv cards, various usb cameras and also
supports most ip network cameras.
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Figure 6. The components of observation system

1Vv. THE INTELLIGENT METROLOGY APPLICATIONS BY
TELEPRESENCE AND TELEOPERATION

The time, cost and expertise for establishing metrology
and mechanical laboratories is very high for many small
and medium size enterprises. The facility infrastructure
and the personnel expertise will be available in the global
market as one of the targets in this development project.

The current status of the project focuses on automatic
control of the high precision measurement instruments
through the network established using a server. The
operation requirements of remote control results an
increase of the workload of the channel in the network.
Hence, the bandwidth limitations generate a reduction
speed of the process. To resolve this difficulty; a client
server computing technology is used for the control of all
the equipment in the laboratory. Establishing a paradigm
in the Linux server enabled us to connect to the
equipments, which is required for further applications.

The system established is based on the assumption that
it works under the condition that each single operation is
controlled and reported. The model of the working
environment is a sample for any manufacturing plant that
is prepared to integrate intelligent manufacturing
machines in its environment (Figure 7). Cooperative
activities in the laboratories create systematic knowledge
transfer and data acquisition. Each process is carried out
step by step in harmony with the required standards.

LA
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Figure 7. The overview of working environment
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Implementation of the intelligent metrology cycle as the
target, research and development process provides a
model to establish at the universities and institutes. The
experience obtained by integration of the process concept
will create a roadmap for future developments.

The practical approach of this inter-university network
project offers collaboration to any industrial or university
organization without boundaries. As a part this strategy,
the High precision measurement room — Nanometrology
Laboratory is chosen as a node to create an inter-
university network. The developed platform serve not
only as a practical experience of an intelligent metrology
process model but also as an educational concept for the
current students taking part in high precision measurement
activities. Learning and continuous improvement are the
basics of each module of the system. Once the targets are
achieved, it is possible to implement the modules in
another node using the systematic knowledge obtained
throughout the project. Moreover, the cooperation
between the local laboratories in Argentina enables the
practical applications to develop and create a resource for
future connection nodes that is already in the near future
plans.

A. Teleoperation with the 3D Laser Scanner

3D surface-scanning refers to the seizure of a
workpiece’s shape, or more formal the acquisition of a set
of 3D coordinates on the workpiece’s surface. In recent
years, 3D surface scanning has become very important
and its applications spread to various fields, like
prototyping, in-process inspection, reverse engineering,
medicine and so on.

The laser scanner (Figure 8) in the high precision
laboratory for the applications is a specifically designed
instrument for dental/medical applications. Its software,
for that reason, has specifications for a 3D scanning of
anatomical implants and digitizing of surfaces has a
particular algorithm for these objects.

Figure 8. The 3D Laser Scanner

In this case, a tooth sample will be measured in the
scanner. The workpiece is fixed in the center of the
scanner and the uv filtered door is closed in order to
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prevent any hazardous light exposure to the
experimenters. Once the workpiece and the machine are
ready, rest of the measuring process is performed by

teleoperation via the interface of the software
implemented in the measuring device (Figure 9).
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Figure 9. The screen shot of the remote controlled laser scanner
measurement

After entering the relevant data, the device runs the
scanning on the object and the software renders the
acquired data from laser scan and gives the 3D CAD
image of the object. After the 3D CAD image is obtained,
modifications can be performed on the image of the tooth
sample on another window of the dental-specialized
software (Figure 10).

Figure 10. The 3D model of the tooth sample

V. CONCLUSION AND FUTURE WORK

In this study, the High precision measurement room —
Nanometrology Laboratory at the Vienna University of
Technology is chosen as a node to create an inter-
university network. The goal is not only to implement and
observe real-time the tasks performed in the Laboratory
but also to enable a model for industrial applications by
means of active participation with telepresence in the
measurement process with dynamic queries and actions.

The current status of the project focuses on moreover
high precise measurement and data collection from other
high precise measurement equipments such as the
coordinate measurement machine. The practical approach
of this inter-university —network project offers
collaboration to any industrial or university organization
without boundaries.

Learning and continuous improvement are the basics of
each module of the system. Once the targets are achieved,
it is possible to implement the modules in another node
using the systematic knowledge obtained throughout the
project. The modern manufacturing industry integrating
the intelligent automation solutions requires quality

http://www.i-joe.org



PAPER
A MODEL OF GLOBAL COOPERATION TO ENABLE INTELLIGENT METROLOGY APPLICATIONS BY MEANS OF AN...

control for their operation. Metrology as the measurement
science provides the functional methodology for quality
control under the defined specifications and standards in
this Laboratory environment.

Hence, the need of high precise measurement tasks and
essential measurement know-how within the sophisticated
production systems for manufacturing companies will be
met with the proposed applications.

Besides, this study proposes a strategic approach to
develop a smart integrated system applicable in
manufacturing industry using the intelligent networking
for the digital factory by firstly modeling, generating and
experimenting an inter-university network that accesses,
cooperates and operates at distance in the laboratory of
distant research laboratories that can be applicable to all
other industrial organizations. Hence, this project proposes
a model of international collaboration based on the
laboratory facility and offers also the industry a roadmap
for possible technology applications.

The intelligent metrology applications will be the future
solution for advanced manufacturing industry. As a result,
this collaborative study with the target of practical
approach to the measurement applications offer an
innovative main aspect of the technology progress.
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