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A UHF RFID measurement and evaluation

test system

V. Derbek, C. Steger OVE, R. Weiss OVE, J. Preishuber-Pfllgl, M. Pistauer

UHF RFID tags have demonstrated considerable degradation of performance when being attached to products. Absorption, reflection,
detuning, and other RF effects decrease the sensitivity of the tags. We are presenting an UHF RFID measurement and performance
evaluation test system, which allows for evaluations of designs of labels and ICs. Furthermore, it provides means for quantifying tag

performance in various applications through measurements and tests.
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UHF RFID Tag-Messtechnik und Evaluierungssystem.

UHF RFID Tags zeigen eine beachtliche Verschlechterung der Leistung, sobald sie an Objekten angebracht werden. Absorption, Reflexion,
Verstimmung und andere RF-Effekte vermindern die Transponder-Sensitivitat. Es wird ein UHF RFID-Mess- und
Leistungsevaluationstestsystem vorgestellt, welches bei der Evaluierung von Labeldesigns und ICs zur Anwendung kommt.
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1. Introduction

Experience in implementing UHF RFID systems shows that tags opti-
mized for a given frequency band can suddenly become hardly
readable, while in other frequency bands they show an improved
performance. Similarly, omni directional tags attached to a product
suffer from dead-angle behaviors. Performance of applied tags var-
ies according to product materials, sizes, and surrounding objects.
Correct design of RFID hardware setups is therefore dependent on
the knowledge of how individual materials and products influence
the performance of tags. In this paper, we present a platform for
real-time evaluation of UHF RFID tags, which is based on a modular
hardware system. The platform is one part of a model-based meth-
odology for real-time verification and optimization of UHF RFID
systems (Derbek, 2007) as depicted in Fig. 1.

The novel method allows for considerations of operating setups in
the design flow of components and brings a technique for verifi-
cation of the system in application specific conditions. While the
technique applied on the simulation platform is based on simulating
models of UHF RFID systems, the real-time verification platform
provides means for verifications of designs, system optimization
and evaluation through measurements and tests. The proposed
methodology closes the gap between design of components and
optimization of real-world setups in which the components operate.

Manufactured products intended for labeling need to be evalu-
ated in terms of their effects on tag performance degradation. On
one hand this is necessary in order to quantify the effects and
accommodate the tags design to the most possible insensitivity to
the effects. On the other hand the information leads to a develop-
ment of a matrix specifying tag performance requirements for pro-
duct bins. In these terms, the performance of tags applied on various
dielectrics is critical. Therefore the European EPC competence center
(EECC) (http:/ /www.eecc.info) has proposed a system to classify
products labeled with RFID tags in order to determine tags that
are best suitable for given applications. The proposed platform for
real-time evaluation of UHF RFID tags is used to execute measure-

ments and evaluations in the EECC lab in Germany (Fig. 1), which is
specialized in RFID testing.

The remaining document is organized as follow. Section 2 pro-
vides an overview of UHF RFID performance. Section 3 gives more
insight into the proposed solution. Section 4 presents typical test
results and Sect. 5 concludes the work.

2. Overview of UHF RFID performance

The reliability of a tag in providing appropriate response to a reader
query is important for the adoption of the UHF RFID technology in
business processes. In real operating environments several effects
take place that disturb this communication. The radio frequency (RF)
field generated by the reader is the data and energy carrier for
passive tags. Environmental noise has a major impact on disturbing
the data channel between the reader and the tag. National regula-
tions therefore set limits to control the utilization of communication
channels and to minimize data collisions. The other aspect influenc-
ing the tags’ operability is the availability of sufficient amount of
energy and the ability to reflect (backscatter) part of this energy. The
modulated backscatter power is the data carrier on the return link
(i.e. from the tag to the reader).

Key terms that are important for understanding the tag perfor-
mance issues are outlined in following paragraphs:

The tag’s integrated circuit (IC) retrieves the RF energy from
the field through an antenna and converts it into a DC power, which
is necessary to operate the digital circuitry. The amount of the DC
energy required for the operation of the circuitry is dependent on
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Fig. 1. Methodology for model-based real-time verification of UHF RFID systems

the technology of the IC manufacturing process and on the tag IC
design. The lower the required DC energy, the more resistant is the
tag against resets of its internal state due to low RF field strength.
Low power designs are therefore the target (Karthaus, Fischer, 2003).

Impedance matching of the tag antenna to the IC is an im-
portant technique to utilize as much energy from the RF field as
possible. The antenna is optimally matched to its IC at a certain
frequency. The tag is then tuned to this frequency. It generally shows
a worse performance on other frequencies (Lam, Nikitin, Rao, 2005).
To achieve an acceptable performance world-wide, tags tuned to a
whole frequency band are available.

UHF tag antennas are generally dipoles and single loops. Tag
manufacturers provide various types of dipole-based antennas to
maintain impedance match, broad-band character of tag operation,
small tag sizes, and to overcome problems with orientation de-
pendency of the tag performance. Furthermore, most tags can be
operated both in the reader far field (typically pallet and case-level
tagging) and in the magnetic near field (typically used for the item
level tagging).

Different tag designs result in different tag performance. A study
(European EPC Competence Center, 2007) examined the most crit-
ical tag parameters to provide an overview of strengths and draw-
backs of major tag types available on market.

Performance evaluation of RFID systems based on measurements
is a complex and costly task that requires significant investments into
effort and knowledge. Automation of the measurements increases
the effectiveness and thus also the level of precision that can be
achieved with reasonable effort. This imposes demands on the tar-
get test equipment. Using commercial readers as a test equipment
to determine performance of tags based on probabilistic measure-
ments shown to be insufficient due to inconsistencies and high
variation of parameters of such test equipment. On the other hand,
not in all cases detailed information is needed and requirements on
precision of collected results vary. Puleston et al. presented a testing
framework for consistent evaluation of RFID tags in conceptual
form of a pyramid (Pulestone, Forster, 2005). The test procedure is
performed on primary, secondary, and tertiary systems that are
response test systems, high speed inline and converter test systems,

and application and end user test systems, respectively. Murfett
(2004) analyzes the challenges of RFID integrated circuit (IC) testing.
RFID ICs bring a unique problem into the development of standard-
ized testing due to miniaturized sizes because of being high level
integrated systems. The protocol level implements a certain degree
of randomization and includes irreversible operations required to be
implemented in the digital logic, like the destroy command. Mixed
signal complexity of ICs makes testing of RF parts and digital logic
equally important. Several proposals have been published and many
are recently being reviewed by efforts of joint industrial and aca-
demic groups to develop an international standard on performance
testing of RFID systems (EPCglobal, RFID TAG Performance).

3. Real-time evaluation of UHF RFID tags
This section presents the platform for real-time evaluation of UHF
RFID tags.

3.1 Evaluation of UHF RFID tags performance

Tags are capable of receiving, processing and transmitting data if
they are provided with DC voltage sufficient for their operation. In
that case the tag is in an operating mode. The DC voltage is depen-
dent on the immediate power density in the tag's location and
furthermore on the structure and energy dissipation of the analog
and DC circuitry, and other factors. The DC voltage is desired to be
between certain limits. The lower voltage limit is called voltage
power-on-reset (POR) threshold (Derbek et al., 2005). It is the critical
one for tag’s operability. If the POR threshold is exceeded, the tag is
put in the operating mode and stays there as long as the DC voltage
level is above the POR threshold. In case of underrun the tag is reset.
Due to common techniques, like voltage buffering and multiplying
at the rectifier, short drop-offs of the RF power (e.g. due to mod-
ulation) are compensated by the tag analog circuitry to prevent from
resetting the DC modules. The POR threshold refers to certain RF
field strength.

The tag sensitivity is a performance metric that indicates the
minimum field strength, which is required by the tag to detect the
reader signal, to process data, and to send a response. The tag
sensitivity value can be converted directly into a read range that
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Fig. 2. A standard measurement setup at EECC for tag performance
evaluations

would be achieved by the tag in a free space environment under
certain frequency and power radiated by the reader.

The tag sensitivity is significantly influenced by objects to which
tags are attached. Tagged product materials have an impact on the
amount of power available to tags. Absorption, reflection and
detuning are the major RF effects of the materials on the perfor-
mance of tags. Absorption is an effect, in which a part of the RF
energy radiated by the reader antenna is absorbed by objects that
are found in the field. Reflection of RF waves results in distortions of
the field homogeneity. In some locations, the field may be de-
creased, in other locations, the field may be increased. Detuning
affects properties of the tag antenna by changing its impedance.
The IC is then no longer matched to the antenna and the capability
of the tag to receive and backscatter the RF energy of particular
frequency is decreased.

Some materials like metals and liquids are responsible for reflection
and absorption. These effects significantly decrease the RF field inten-
sity in the tag's position. Other materials like plastic have a detuning
effect. In most cases objects in the field cause a mixture of RF effects.
The RF field in the vicinity of the objects is then generally decreased,
which affects the performance of the mounted tag.

3.2 The RFID measurement and evaluation test system

The requirements on the implementation of the platform for real-
time evaluation of UHF RFID tags are given by the operating range
of tags. The power range used for testing has to cover both the

Measurement Controller

Digital and Baseband

maximum transmit power of 36 dBm and the tag operating power
thresholds that are typically at —10dBm. Further requirements are
imposed on the receiver, which is expected to detect tag backscatter
signals that can be as low as —70dBm.

The proposed test system is implemented on the real-time veri-
fication platform of the Model-based Methodology for Real-time
Verification and Optimization of UHF RFID Systems (Derbek et al.,
2007). The system comprises a software configurable RF hardware,
external RF components like amplifier and antennas, CPU controller
and electro-mechanical devices to support for an automation of the
measurement process. The platform is based on the PXI open indus-
try standard (PXI System Alliance; National Instruments). PXl is a
modular system, which is designed for measurement and automa-
tion applications. PXI stands for PCl eXtensions for Instrumentation.
Hardware modules communicate over standard PCl bus, PXI trigger
bus, and local busses. The system developed for the RFID test bed
employs a 2.7 GHz RF Vector Signal Analyzer with Digital Down-
conversion and 2.7 GHz RF Vector Signal Generator with Digital
Upconversion from National Instruments. The logical structure of
the RFID measurement and evaluation test system comprises four
main blocks as depicted in Fig. 3.

The digital and baseband processing block is responsible for
processing waveforms and low frequency baseband signals. On
the transmitter side, this includes the generation of the test stimuli
that are various reader commands. On the receiver side, this
block provides calculation of significant metrics, like read- and
backscatter-range.

The modulator and RF transmitter block provides appropriate
waveform shaping to the digital test sequence and modulation.

The demodulator and RF received block performs a demodulation
of received signal, noise suppression, and tag response detection.

The measurement controller block is a CPU-based unit, which
controls the measurement cycle, provides HW resource manage-
ment and input/output data handling operations.

The signal received by the RF receiver is made up of two com-
ponents: (i) Signal T transmitted by the reader damped by the
reader’s circulator and coupled back to the receiver and (ii)
received tag backscattered signal B. The signal R received by the
reader (not considering noise for this moment) has thus following
general form:

Rsin (wt + pgr) = Tsin (wt + ¢1) + Bsin (wt + ©p)
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Fig. 3. Modular structure of the platform for real-time evaluation of UHF RFID tags
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where
T =nTy
B =B(d)
g = pp(d).

7 is the transmitter-to-receiver coupling factor and Ty is the ampli-
tude of the transmitted signal. Both amplitudes and phases of its
two components T and B are different. Amplitude and phase of the
received backscattered signal are further functions of distance
between the reader and the tag. The dependency of the phase ¢r
of the received signal on the reader-to-tag communication distance
d is expressed with Egn. (3.2).

2
Ap = TAd

Hence, information received by a real receiver from a backscattering
ASK tag is generally present both in amplitude and phase compo-
nents. This is shown in

Figure 4. Shifting the tag by the distance of \/8 away from/
towards to the receiver prolongs the path of the signal by the
distance of A/4 and thus shifts the phase by /2.

In the implementation of the Platform for Real-time Evaluation of
UHF RFID Tags, the RF receiver is equipped by a full IQ demodulator,
which is able to detect both ASK and PSK signals. The proposed
system provides a fully automatic evaluation of the identification
performance and properties of RFID tags, even when attached on
product packaging. On the basis of the measurement results the
optimal physical tag construction and ideal positioning on the rele-
vant object can be identified. The reliability and repetitious accuracy
is provided by eliminating external influences and adaptive compen-
sation of internal HW attenuation like carrier cancellation to mini-
mize the effect of the transmitter-receiver coupling.

3.3 Test setup

Tests were performed in the EECC laboratory in Neuss, Germany.
The laboratory provides a controlled RF environment free of reflec-
tions and RF disturbances. The testing was performed on 30 ran-
domly chosen tags among a large population of functional samples
of each tag type. The applied test methods were following interna-
tional standards of ISO/IEC and specifications of EPCglobal™ on
tag performance (EPCglobal, RFID TAG Performance; ISO/IEC
18046-3) and related standards (ISO/IEC 18047-6; EPCglobal RFID
Protocol for Communications at 860 MHz — 960 MHz, ISO/IEC
18000-6).

The UHF tag performance tests were executed on reference
objects. Major materials that appear in the field were classified into
five bins. Each bin is represented by one reference object. The
reference objects are possibly homogeneous materials of known
properties to allow for traceability and reproducibility of results.
Table 1 displays the reference materials that were used as substitutes
for real products. Figure 5 shows the placement of two tags on two
different reference materials.

The applied method to evaluate the tag performance is based on a
periodical stimulation of the tag with a predefined reader command
sequence at various transmit power levels and on continuous mea-
surement of the tag backscatter signal and validation of tag
response. A complete tag performance characteristic is derived from
several sets of measurements. In the frequency dependent sensitivity
measurement, the above described method is applied to a set of
regularly spaced frequencies in the band from 800 MHz to 1 GHz. A
tag sensitivity threshold, read range and backscatter range are
obtained for every measured frequency from the measured complex
tag characteristic. The test bed was furthermore equipped with a
controllable turntable to allow for measurements of directional char-
acteristics of tags.

Table 1. Mounting materials (European EPC Competence Center, 2007)

Reference material Reproducible substitute for
Free air Apparel hanger
Teflon (2 mm thick) of dimensions 200 mm x 100 mm Paper or boxes with relative high air content. For example:
diapers, disposable paper, large detergent boxes
Teflon (10 mm thick) of dimensions 200 x 100 Plastic cases, e.g. Beverage case (if distance to bottles is grater than 3.cm)
PET bottle with distilled water and 2 mm spacer Products containing water, e.g. Ketchup, Dressings, Milk
Metal reflector of dimensions 200 mm x 100 mm Packages containing metal, e.g. Chocolate, Tetra-Pack, Coffee wrapper

with 4 mm spacer
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Fig. 5. Two different tags placed on a water container with a spacer of 2 mm and a metal surface with a spacer of 4mm

4. Test results

As indicated in earlier chapters tag power effectiveness is one of the
key factors that influence the identification rate. It plays a major role
in optimal setting of the communication protocol and field setups.
While the power effectiveness of tag IC is dependent on the design,
the effectiveness of tag antenna is further influenced by objects
surrounding the tag.

Figure 6 shows results of dipole tag directional power effective-
ness measurements performed on the above described test bed in
free space. The testing hardware stimulates the device under test
(tag) with signals and evaluates its responses. The performance of
the tag was quantified by the number of tag responses provided to
reader packets in a correct and timely manner. The measurement
was taken on one frequency with a horizontally positioned tag
that was rotating around the vertical axis. The target was to
evaluate the angular characteristic of tag sensitivity. In addition,
Fig. 1 shows the orientation dependent sensitivity of an omni-
directional tag.
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Fig. 6. Orientation dependent sensitivity of a dipole tag

In the tag sensitivity measurements, the result can be expressed
also as read-range. The read range is not only dependent on the
tag performance itself, but also on the carrier frequency and the
maximum power transmitted by the reader. Therefore the same
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Fig. 7. Orientation dependent sensitivity of an omni-directional tag
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tag will have different read ranges in individual regions around the
globe due to different frequencies and power levels used. In the
frequency-dependent sensitivity measurement (see Fig. 2), the tag
sensitivity is evaluated for each of the predefined discrete fre-
quency levels.

The backscatter range is a metric that determines the strength of
the tag response assuming a reader with certain sensitivity and
antenna. Figure 9 shows a result of such measurement, displaying
a theoretical backscatter range of up to 38 m. This result gives clear
evidence that the performance of the particular tag is not limited by
the return link. Additional measurements were covered by a produc-
tion consistency test, in which a large set of tags of the same type
were tested to determine the performance variation due to produc-
tion inaccuracy.

Backscatter Range
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Fig. 9. Backscatter range measurement

The evaluation of 20 tag types can be summarized as follows:

» dramatic differences between different ICs

» large variances on production consistency

» not all tags are good performing at global operations

» large differences between orientation sensitivity

» read Range of more than 10 m was measured

» read Range always limited by forward link at typical applications
(Backscatter Range is greater that forward link range)

» some tags have problems at higher power-levels

A full report that contains results of all performed measurements
and the evaluation of all 20 tested tags is available at (Derbek,
2007).

Authors

Vojtech Derbek

is RFID R&D Manager of CISC Semicon-
ductor and has joined the company in
2004. Having three years experience in
the ultra high frequency radio frequency
identification (UHF RFID) business and four
years involvement in general RFID he
served as a leader of projects with CISC
partners Metro and European EPC compe-
tence center (EECC). Under his leadership
CISC developed a high precision integrated test bed for evaluation
of Applied Tag Performance. Since 2005 Vojtech Derbek has been
an active participant in the hardware action group (HAG) of
EPCglobal. Since 2006 he has been a co-chair of the tags, labels,
readers and printers performance (TLRPP) workgroup of HAG. The
TLRPP group develops RFID protocol performance requirements to
provide EPCglobal guidelines. Mr. Derbek is covering the main

5. Conclusion

The RFID industry has been strongly concerned about the issue of
achieving a reasonable performance in tagging products containing
various materials. The proposed platform provides means of quanti-
fication tag performance and to reveal potentials for enhancements.
The platform has verified at an extensive set of tests that were
performed by the EECC Germany. The obtained results provided a
comparative overview of strengths and weaknesses of various tags
in individual application cases.

Acknowledgements

This work has been done in cooperation with Metro Group Informa-
tion Technology (MGI) and the European EPC Competence Center
(EECC). Authors would like to thank the teams for their support.

References

Derbek, V. (2007): A model-based methodology for real-time verification and
optimization of UHF RFID systems. PhD thesis, Graz University of Technology.

Derbek, V., Steger, C., Kajtazovic, S., Preishuber-Pfluegl, J., Pistauer, M. (2005):
Behavioral model of UHF RFID tag for system and application level simulation. Proc.
of IEEE Int. Behavioral Modeling and Simulation Workshop (BMAS).

Derbek, V., Wischounig, D., Steger, C., Preishuber-Pfluegl, J., Pistauer, M. (2007): Simulation
platform for UHF RFID. Proc. of IEEE Conf. on Design automation and Testin Europe (DATE).

EPCglobal EPC™ Radio-Frequency Identity Protocols Class 1 Generation 2 UHF RFID Tag
Performance.

EPCglobal EPC™ Radio-Frequency Identity Protocols Class 1 Generation 2 UHF RFID
Protocol for Communications at 860—960 MHz.

European EPC Competence Center (2007): The UHF Tag Performance Survery.

ISO/IEC 18000-6: Information technology automatic identification and data capture
techniques — Radio frequency identification for item management — Part 6: Parameters
for air interface communications at 860 MHz to 960 MHz.

ISO/IEC 18046-3: Information technology — Radio frequency identification device
performance test methods — Part 3: Test methods for tag performance.

1SO/IEC 18047-6: Information technology, automatic identification and data capture
techniques — RFID device conformance test methods — Part 6: Test methods for air
interface communication at 860—960 MHz.

Karthaus, U., Fischer, M. (2003): Fully integrated passive UHF RFID transponder IC with
16.7-p W minimum RF input power. IEEE Journal of Solid-State Circuits.

Lam, S. F., Nikitin, P. V., Rao, K. V. S. (2005): Antenna design for UHF RFID tags: a review
and a practical application., IEEE Transactions on Antennas and Propagation, 53.

Murfett, D. (2004): The challenge of testing RFID integrated circuits. 2" |EEE Int.
Workshop on Electronic Design, Test and Applications, 2004. DELTA 2004.

National Instruments: PCI eXtensions for Instrumentation.

Puleston, D. J., Forster, I. J. (2005): The test pyramid: a framework for consistent
evaluation of RFID tags from design and manufacture to end use. Whitepaper, Avery
Dennison RFID Division.

PXI System Alliance: PXI hardware specification.

co-chair position of the performance readers and tags (PRT) sub-
group of TLRPP.

Parallel to his industrial activities, Vojtech Derbek worked as a
research assistant at Graz University of Technology in Austria. He
started with a case study on the use of the RFID in logistic processes
and received a PhD degree in electrical engineering in 2007. The
focus of his scientific work was on model-based real-time verifica-
tion of UHF RFID systems.

Christian Steger

received the Dipl.-Ing. degree (equivalent to
the American Master of Science) in 1990
and the Dr. techn. degree (equivalent to
the American PhD degree) in Electrical
Engineering from Graz University of Tech-
nology, Austria, in 1995, respectively. He
graduated also from Export, International
Management and Marketing course in June
1993 at Karl-Franzens-University of Graz.




V. Derbek et al. A UHF RFID measurement and evaluation test system

From 1989 to 1991 he worked as a Software Trainer and Consultant
at SPC Computer Training Ges.m.b.H., Vienna.

From 1990 to 1991 he was a Research Engineer at the Institute of
Technical Informatics, Graz University of Technology. Since 1992 he
has been Assistent Professor at the Institute of Technical Informatics,
Graz University of Technology. In summer 2002 he was a visiting
researcher at the Department of Computer Science at the University
College Dublin, Irland.

He heads the HW/SW codesign group (8 PhD students) at the
Institute of Technical Informatics. His research interests include
embedded systems, HW/SW codesign, HW/SW coverfication, SOC,
power awareness, smart cards, UHF RFID systems, multi-DSPs. He is
currently working with industrial partners on heterogeneous system
design tools for system verification and power estimation/optimiza-
tion for RFID systems, smart cards and wireless sensor networks.
Christian Steger has supervised and co-supervised over 73 master
thesis and co-supervised 8 PhD students, and published more than
70 scientific papers as author and co-author. He is member of the IEEE
and member of the OVE (Austrian Electrotechnical Association). He
was member of the organizing committee of the Telecommunications
and Mobile Computing Conference 2001, 2003, and 2005.

Reinhold Weiss

is Professor of Electrical Engineering (Tech-
nical Informatics) and head of the Institute
of Technical Informatics at Graz University
of Technology, Austria. He received the
Dipl.-Ing. degree, the Dr.-Ing. degree (both
in Electrical Engineering) and the Dr.-Ing.
habil. degree (in Realtime Systems) from
the Technical University of Munich in 1968,
1972 and 1979, respectively. In 1981 he
was with IBM Research Laboratories in San Jose, California, as a
visiting scientist. From 1982 to 1986 he was Professor of Computer
Engineering at the University of Paderborn, Germany.

He is author and co-author of about 170 scientific and technical
publications in Computer Engineering. Several times he has served
as a guest editor for special issues on Technical Informatics and
Mobile Computing, respectively, for e&i. In 2001 and 2003 he
organized two Workshops on Wearable Computing.

His research interests focus on Embedded Distributed Real-Time
Architectures (parallel systems, distributed fault-tolerant systems,
wearable and pervasive computing). He is a member of the Interna-
tional Editorial Board of the US-journal *“Computers and Applications'’
(ISCA). Further he is a member of IEEE, ACM, Gl (Gesellschaft fur
Informatik, Germany), and OVE (Austrian Electrotechnical Association).

Josef Preishuber-Pfliigl
is CTO and Business Unit Manager RFID
& RF Comm of CISC Semiconductor

o Design + Consulting GmbH  (www.cisc.at)
& J and joined the company in 2003. Starting
\-J on 125kHz reader concepts he got involved

X in Radio Frequency Identification (RFID) in

\ 1995 in his master thesis when finishing his

studies at Graz University of Technology in

Austria with the degree of Dipl.-Ing. (Mas-

ter of Science) in Telematik (Telecommunications and Informatics).
He worked in several areas of RFID engineering and product man-
agement for system design, reader and tag development covering all
frequencies of passive RFID at Philips Semiconductors, Gratkorn,
Austria. In particular this was the development of a fully integrated
125kHz reader ASIC based on his demodulator patent, as well as
the first worldwide fully integrated 13.56 MHz reader ASIC. In

respect to tags he developed several 13.56 MHz ASICs, and full
tag designs, before he moved into product management where he
led the development of Philips’ first UHF product: the UCODE HSL, a
tag ASIC according ISO/IEC 18000-4 and ISO/IEC 18000-6, and
furthermore laid the basis for the Philips UCODE EPC V1.19. After
the UCODE market introduction he left Philips and joined CISC
Semiconductor GmbH.

Currently, he is active participant in several standardization groups
in the ISO/IEC JTC1/SC31 area, convenor of the ISO/IEC JTC1 SC31
WG3/SG1 for RFID performance + conformance, which is responsi-
ble for ISO/IEC 18046 and ISO/IEC 18047, and convenor of the
Austrian standardization group responsible for RFID. Furthermore,
he is project editor for the ISO/IEC 18000-6 and worked on
the amendment for type C, which is the EPCglobal™ UHF Class 1
Generation 2 integration into this ISO standard. Under his leadership
CISC joined the EPCglobal Inc. in 2004. He is also deeply involved in
the EPCglobalTM work. Currently he coves the co-chair positions of
SB JRG (Sensor and Battery Joint Requirements Group) and HACET
(Hardware Action group ad hoc advisory Committee to ETSI). Inside
CISC he set up the BU RFID + RFComm with its major activities in
modelling, simulation, design and evaluation of RFID systems and
RFID applications for LF, HF and UHF. The major focus in RFID system
design is to support product and system design with simulation and
measurement tools. This includes a full simulation environment for
EPCglobal™ UHF Class 1 Generation 2 based application consider-
ing protocol, identification software and detailed RF aspects.

Markus Pistauer

was born 1964 in Klagenfurt, Austria. In
1990 he received the M.S. degree in Elec-
trical and Electronic Engineering and the
Ph.D. in Electronic and Control Engineering
degree from Graz University of Technology,
Austria, in 1995, respectively. From 1988
until 1990 he worked as a Software Engi-
neer at Siemens AG, Frankfurt, Germany.
From 1989 until 1991 he was a Software
Consultant at SPC Computer Training Ges.m.b.H., Vienna. 1991 he
joined Joanneum Research Forschungsgesellschaft m.b.H., Graz, as
a Research Engineer at the Department for Sensoric. From 1991 to
1995 he was Assistant Professor at the Department of Electronics,
Graz University of Technology. From 1995 to 1999 he worked as a
Research and Design Application Engineer at Siemens Design Center
for Microelectronics in Villach, Austria. From 1995 to 1998 he was
Senior Lecturer for Electronic Engineering and Computer Science at
Carinthia Tech Institute - University of Applied Sciences. Since
1995 he has been leading international and national research pro-
jects in the area of CAD/CAE methods for integrated circuit design.
Since 1997 he has been judicial approved assessor for electronics and
software. Since 1999 he has been heading a consultancy office for IT
and computer science. 1999 CISC Semiconductor Design + Consult-
ing GmbH (CISC Semiconductor) was founded and since then
Pistauer is CEO of CISC Semiconductor. 1999/2000 he was the
winner of the Business Plan contest ““Biz.Plan” (best of 100), and
2004 the winner of the "Innovation & Research Prize for the Pro-
vince of Carinthia 2004"". He is member of IEEE, member of the
international program committee for conferences like *“Informations-
tagung fur Mikroelektronik”, "IASTED International Conference on
Modelling, Identification and Control”, “International Conference
on Computer Systems and Applications”, author and co-author of
more than 30 publications in the areas of computer science, soft
computing, simulation, control and IC design techniques. His tech-
nical interests cover fields modelling, simulation and optimization
techniques.



