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Abstract—Power supply transients in dc railways related
to filter charging may trigger network and filter oscillatory
responses, as well as cause very fast voltage spikes. These
phenomena are relevant not only for Power Quality and
EMC, but also for their impact on the measured pantograph
quantities e.g. for power and energy consumption estimate.
The broadband excitation of the system gives the possibility
of attempting the identification of the network impedance.
The experimental results are discussed and compared to the
output of a circuit and a distributed parameter simulator.
Matching between simulated and experimental data is very
good.
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I. INTRODUCTION

Power Quality (PQ) in railways has been investigated
from different standpoints: line voltage distortion coupled
to other trains connected to the same line section or
reflected back on the utility side [1]-[4]; current harmonics
interfering with signaling and telecommunications [5]-[7].
Considering rolling stock and in a normative perspective,
harmonics and distortion may affect the line voltage [8] or
have impact also on the power and energy consumption
assessment, both as an external unwanted interference [9]
or as a contributing factor [10][11]. For DC wvehicles
harmonic active power was found to be negligible [10][11],
although transients may disturb and alter the measured
pantograph electrical quantities.

This work has as first objective the electrical
characterization of the transients caused by the charging of
the on-board filter of a dc locomotive. Transients for a dc
vehicle originate at the sliding contact mechanism by
electric arcs [13]-[15] or may be caused by the switching
of onboard loads, including the case of a nearby train. Any
electric transient with a broad frequency spectrum can
excite the resonance modes of the system, thus triggering
oscillations at a lower frequency, that can couple onto the
measuring systems. Such oscillations and transients further
worsen the stationarity of the signals associated to the line
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electrical quantities and weaken the conditions for the
applicability of standardized Fourier-based processing
methods [16].

The second objective is the investigation of the
possibility of exploiting such transients as probing signals
for a passive identification of the network impedance (i.e.
the traction line impedance). The knowledge of the
network impedance is beneficial for a more accurate
estimate of harmonic distortion and the identification of
disturbing loads [17][19], but also for network stability,
harmonic resonance and prevention of oscillations [20]-
[22].

The problem has already been considered for smart
grids [24]-[29], using both active and passive methods:
active methods inject a specific pilot signal to probe
actively the network impedance; passive methods exploit
existing measured quantities, passively listening to the
network. A well-promising approach for passive methods is
the use of advanced techniques for model identification
(Least Mean Squares, recursive minimization, Kalman
filter, etc.), but so far the adopted models are of the R-L
type and neglect the effect of stray capacitance, with
justifications that cannot be applied to railways and rapid
transit systems.

The work is structured as follows: Section II contains
an introduction to the problem of network modeling and
network impedance identification, considering the
approaches used in smart grids and distribution networks,
and then focusing on railway networks and the interaction
between the network and the locomotive; the results shown
in Section III consist of the explanation of the observed
electrical phenomena and interactions, and a preliminary
estimate of the traction line impedance.

II. NETWORK MODEL AND NETWORK IMPEDANCE ESTIMATE

A. General method

The general method is based on the estimate of the load
and/or network impedance exploiting two (or more)
measurements of voltage and current at the pantograph
(indicated with V), and I,) carried out under different supply
conditions. In other words the flowing current I, is
measured after an ideally instantaneous change of the
supply voltage. This method has been extensively applied
to smart grids [24]-[30], with the following basic equations
that assume a reference state and a perturbed state, e.g. by
means of the inclusion/exclusion of a series-connected
lumped element or ideally varying the network voltage

supply.
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The reference circuit is shown in Fig. 1, where the load
(the train) is considered with its Norton equivalent circuit.
The dashed resistance R, represents the switched lumped
component suggested for application in distribution
networks and smart grids, as well as the electric arc
resistance, where electric arcs might be exploited as a
driving event in a future development.
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Fig. 1. Equivalent circuit for the supply network and rolling stock with
electric arc occurring at the sliding contact (the resistance R,=0 when the
electric contact is perfect and no detachment occurs).

The basic equations are:

-
1,=-2 1
7 Z (D

[p =1-1y

The two equations must be written for each of the two
states of the network, that is before and after the voltage
change, with the quantities that vary identified with a
prime and a double prime. Then replacing Iz and solving
for Z, and then focusing on 7, it is possible to achieve two
explicit expressions in terms of measured pantograph
quantities only:

V/_V/’ V/
Z=—— L =1,+F (2)
-1 2

No similar closed-form expressions are available for
the network impedance estimation, although in cases where
the Norton impedance Z; is much larger than the network
impedance Z,, then Z, is readily given by V,/I, for those
frequencies at which the network generation V, may be
passivated. The condition for passivation of the generator
is that the network is not a source of significant voltage at a
given frequency (e.g. choosing components different from
the characteristic harmonics of the substation). Also in case
of a moderately large Z,, then the Z, can be calculated back
from the electrical parallel of the two with an acceptable
error. Considering v,(f) and i,(f), and the cross-spectrum
G.(f) and auto-spectrum Gi(f), a convenient way to
express Z, is as the ratio of the two (holding the conditions
on 7).

The Welch method is used for the calculation of the
auto-spectrum and cross-spectrum.

B. Other models

As anticipated in the introduction, parametric methods
make use of a reference model on which an optimization or
identification algorithm is run. In [28] the Kalman filter is
a well founded approach, but the model is simplistic from
two standpoints: the network is only resistive-inductive
(RL series connection) and the selected state variables
track only the fundamental and two harmonics (whereas
we know that dc and ac railway systems feature complex
spectra for the electrical quantities at the pantograph

[31][32]).

The approach used in [26] makes direct use of the
network model as in Fig. 1, relying on a redundant
(overdetermined) set of equations (1 to #) to solve using an
iterative technique. However, the main assumption is that
the network is stationary, i.e. the configuration and
generation do not change during the measurement.

Apparently a solution to the specific problem has been
proposed very recently [33]. However, the focus is on an ac
railway using an active probing method, i.e. injecting test
signals by suitably driving the on-board four-quadrant
converter as large-power waveform generator. This
solution was already adopted for tests carried out with
FLIRT trains with the permit of the operator and by
modifying the software of the on-board converter (so, not
an easy task), as documented in [34].

C. Application to DC railways

As a preliminary work on this topic, the approach is
phenomenological, focusing on the electric behavior of the
subsystems, the quality of the signals, and plausibility of
the results. To this aim the signals are mostly studied in the
time domain, using a reference simulation model for
confirmation. The measuring setup was preliminarily
described in [35][36]: although the uncertainty assessment
has not be completed yet, the used instrumentation and the
care in grounding, shielding and EMC in general during
the installation indicate that the uncertainty will be
dominated by the voltage and current probes [37][38].
Conversely, the target uncertainty for impedance values
depends on the application [19]: as an example the
methods discussed in [39] do not indicate a target
uncertainty, but knowing the accuracy required to
harmonic producer indicators and the influence of network
impedance on such indicators, a 10% of standard deviation
defines a suitably accurate scenario.

The simulation model must be fed with accurate
estimates of the parameters to represent the real behavior
of the line:

e it is known that using a few lumped parameters cells to
model a distributed parameter system has a fitness
error that increases with frequency and is particularly
large at resonances and anti-resonances; stopping the
reasoning to the first line resonance for a preliminary
assessment allows the satisfactory use of a model with
only two pi cells [6];

e lumped loads represented by the other trains in the
same supply section or in the adjacent sections can
modify the line response, especially introducing
additional damping at line resonances and in general
slightly shifting line resonances due to the reactive
elements onboard.

In the high-voltage input stage of the E464 locomotive
shown in Fig. 2 the following elements can be recognized:
the main circuit breaker (of the HSCB type, High-Speed
Circuit Breaker, for dc applications), the second-order LC
resonant filter (with the capacitance contributed mainly by
the traction converters, but also at a lesser extent by the
connected auxiliaries) and the charging system. The
switch-gear section is composed of the main circuit breaker
and of an additional parallel-connected branch, with a
contactor and the charging resistor R., with a nominal
value of 52 Q.

Before closing the main HSCB supplying the
locomotive, the input stage is configured to perform a pre-
charge of the filter capacitors Cric m (the capacitors inside
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the traction converters) and Cric o (the capacitors inside the
auxiliary converters) through the resistor Rc;. During the
pre-charge the line current is absorbed from the catenary
and delivered to the capacitors through the resistor R., and
the filter inductor Ls; of 8.5 mH. After 0.8 s, the voltage
across the capacitor bank (made of the parallel-connected
capacitors) reaches a given percentage of the line voltage,
sufficient to conclude the charging operation more quickly
through the main HSCB, closing it to by-pass the charging
resistor. A smaller current impulse is then absorbed by the
capacitor bank, where the limiting elements are the filter
inductor Lj; and the line impedance Z,. The equivalent
RLC series circuit that during pre-charge was over-damped
thanks to the R.; resistor becomes under-damped after the
closing of the main HSCB, giving rise to visible
oscillations (the only relevant resistive element
contributing to damping being the supply line resistance).
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Fig. 2. Electrical scheme of the E464 locomotive, showing the onboard
LC filter, the main circuit breaker and the pre-charging circuit with the
limiting resistor R,

III. RESULTS

This section shows first the behavior of the filter
charging transient associated to the circuit and procedure
described in sec. II.C above (see Fig. 3). The observed
electrical phenomena are explained, using the information
of the supply and traction line models [40][41]. The
spectrum characteristics, the time duration, etc. are
considered for their impact on Power Quality and on the
connected measuring systems.

In the second part, then, portions of the measured
waveforms are used to estimate the network impedance,
verifying the quality of the so obtained estimate in terms of
density of points on the frequency axis, noise and noise
suppression capability, etc.

A. Phenomenological analysis

The two transients following the two switching events
shown in Fig. 3 may be explained with a little insight into
the behavior of the circuit. To start the charging of the filter
capacitor, the pantograph is raised against the catenary
using a series resistor R.; for protection purposes, limiting
the inrush current into the capacitor bank through the filter
inductor. The rate of rise of the current through the

inductor is quite large anyway and excites the line
resonance.

The steep edge of the current J, is visible in Fig. 3(b)
lasting for about 80 us and reaching a value of 32.6 A. This
corresponds to a 3800 V line voltage that charges an
inductor of 8.5 mH, resulting in a rate of rise of 447 kA/s,
that after the said 80 us gives 36 A. This first part of the
rising exponential is able to excite the line resonance,
resulting in a quick reduction of the pantograph voltage
(the negative voltage spike); more accurately the tip of the
spike occurs after 20 us, when the current is less than 10 A.
It is briefly observed that a higher sampling rate is needed
to better follow the evolution of the signal, when higher-
order modes are excited: some recordings at 5 or 10 times
higher sampling rate are scheduled for the next test
campaign.

The slower transient occurring when the charging
resistor is bypassed at 2.34 s in Fig. 3(c) shows the damped
oscillation of the onboard filter.
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Fig. 3. Measured waveforms of pantograph voltage V,, pantograph
current /, and capacitor voltage downstream of filter V: (a) overall
screenshot of the relevant time interval, (b) zoom of the first insertion
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with resistor R.;, (c) zoom of the residual oscillation when the resistor R,
is bypassed.

Two points are worth of being noted and commented:

e the current /, flowing in the filter is oscillating around
zero; the negative portions of the current cannot in
principle be absorbed back by the substation that
consist of rectifier groups with all the diodes showing
their cathodes facing the catenary; in reality, with a
bias current flowing to supply other trains along the
line, the diodes simply will see their current modulated
by the oscillating charging current, with a dynamic
resistance that is approximately constant if the
charging current intensity is small compared to the
current feeding the other trains (some other
experimental results confirm that this situation may
degenerate in low-traffic situations, when the supply
section is not or lightly loaded);

e the oscillation has not a constant frequency: a closer
look shows that the positive half-periods are slight but
consistently longer than the negative ones (the
measured intervals are 29.6, 32.9 and 32.1 ms for the
positive half-periods, and 28.8, 27.4 and 27.2 ms for
the negative ones); this is a symptom of a non-linear
characteristic that might be explained with the
behavior of the substation diodes when the sourced
current is very low. Variability was analyzed by
parametric simulation, changing the load current
biasing the substation diodes.

The experimental curves of Fig. 3 allow also a
preliminary evaluation of the impact caused by the
transients, triggered by the charging operation: the duration
of the oscillation is in the order of 0.5 s, its frequency is the
resonant frequency of the onboard filter, usually between
15 and 22 Hz for the known implementations. The same
phenomenon occurs whenever the traction demand is
discontinued, e.g releasing the throttle during an intense
acceleration, and it is a known problem for many out of
scale readings of connected instruments during tests of
harmonic emissions.

The peak location and height of the line resonances
depend on many factors, besides the geometrical and per-
unit-length electrical parameters of the line: first of all the
length of the line between the two adjacent substations and
the presence of other trains in the same section, loading the
line and reducing the factor of merit of the resonance
[12][41]. The curves of Fig. 4 show the variability of the
network impedance at the pantograph Z, for a train moving
along a line of 25 km length between two substations.
More complete results for different line lengths were
shown in [12]. The first and second resonances are located
at 5.8 kHz and 11.7 kHz with a peak height between 400
and 4000 Q for the first and between 800 and 2000 € for
the second resonance. The height of the successive peaks is
further reduced since the damping is increasing and is quite
large. The low frequency resonance at about 100 Hz is
caused by the resonance of the DC substation filter and is
clearly visible in the line voltage ripple. The line voltage is
quickly excited by the high-order resonances at the limit of
the sampling time and beneath it (50 kHz), then the profile
in Fig. 3(b) around 511.5 ms shows a damped oscillation at
a lower frequency, compatible with the first resonance. The
negative spike reaches -750 V and it is thus not dangerous
in terms of overvoltage, but it is the byproduct of the
broadband excitation of line resonances.

Observing the results in Fig. 5 the simulated current
profile is quite well matched with the experimental one.
However, the simulation model makes some
approximations regarding the equivalent circuit for the
substation rectifier and does not include a complete model
for nearby trains, replaced by an equivalent loading
resistor. The voltage profile is well matched for the initial
high-frequency part, but the subsequent low-frequency
damped oscillation needs some additional work.

B. Identification of the network impedance

The transient signals at the beginning of the charging
operation (time 0.5 s in Fig. 3(b)) have been extracted for
the calculation of the auto- and cross-spectrum. The
procedure is complicated because of the limited number of
samples (47) and the underlying noise: the former can be
seen in Fig. 3(b), where it causes a visibly jagged
waveform; the latter may be put in relationship with the
10-15 V peak-to-peak ripple visible in Fig. 5(a). The
frequency resolution has been improved using
interpolation; the noise is reduced by the averaging implicit
in the Welch method.

The Welch method has unavoidably a lower frequency
resolution than DFT caused by the selected adjacent
shorter windows and the subsequent averaging of the
calculated power spectra, although DFT is a bad choice
due to excessive spectral leakage, when processing signals
that are not repetitive: the present signal has a complex
resonance with an underlying exponential damped
component. In addition, spectrum estimation algorithms
have in general better incoherent noise suppression than
DFT.

The curve shown in Fig. 6 is thus affected by a large
uncertainty due to the small number of original points, the
averaging for the auto- and cross-spectrum estimates and
the successive interpolation. However, it is very close to
the one simulated in Fig. 4 for a line of L = 25 km and train
positioned at x=0.1 L (=2.5km) from the substation
(confirmed by the annotations during the tests and by the
saved GPS position).
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Fig. 4. Network impedance at the pantograph (Z,) for L=30km of
separation between ESSs and four train positions (from black to light
grey) x=0.1, 0.2, 0.33, 0.5 L [12].
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IV. CONCLUSION

This work has considered the problem of the
identification of the network impedance for electrified
railways, starting from a comparison with existing
techniques for smart grids. It turns out that several methods
have been implemented using simplified models of the
network or simplifying assumptions, which hardly hold for

railways and rapid transit systems: the pantograph
impedance varies with the train movement and also with
the relative position of the other trains; for dc railways it is
also influenced by the combined resonance with the
substation output LC filter The problem is also
complicated by the large amount of noise that characterizes
the measured pantograph quantities and in particular the
superposed substation ripple.

For these reasons a parametric method should be
considered, using a reference model and feeding data
extracted from the measurements. Presently, although
preliminarily considered, no numeric technique or
automatic identification algorithm is used: data and results
have been analyzed using a phenomenological approach, to
find out the exploitable characteristics of the signals, the
typical transient responses and the limitations of the
adopted approach.

Network impedance estimation for railways (including
dc and ac systems), besides the many challenges, may
benefit from the abundance of electric transients caused by
filter charging, transformer inrush, commutation of
onboard auxiliaries, electric arcs. This work has focused on
the onboard filter inrush of a dc locomotive.

The simulation results match well the experimental
data, for what regards the filter oscillatory current, whereas
there is some discrepancy in the calculated line voltage,
possibly due to the non-linearity of the substation, caused
by the rectifier diodes and their conduction function. The
non-linearity of the system has been demonstrated by
observing the asymmetry of the measured sinusoidal
oscillation of the filter current during the charging
transient, demonstrating different values of the differential
diode conductance in the two half cycles, due to the
different amount of instantaneous current.

The observations on the first transient when the
pantograph is raised and the filter is supplied through the
charging resistor are in agreement with the expected
system response and the estimate of the spike in the line
voltage quite accurately correspond to the measured
values.

Last, the estimated network impedance match well the
simulated curve obtained by the distributed parameter
simulator, although the procedure and the uncertainty
related to the many non idealities must be confirmed: the
number of sampled data during the transient is too low and
the Welch algorithm is thus operating in non-ideal
conditions. To this aim the necessity of a higher sampling
rate for the next test campaign has already been discussed.

REFERENCES

[1] J. Bongiorno, G Boschetti and A. Mariscotti, “Low-Frequency
Coupling: Phenomena in Electric Transportation Systems,” IEEE
Electrification Magazine, Vol. 4, n. 3, 2016, pp. 15-22.

[2] J. Holtz and H.J. Klein, “The propagation of harmonic currents
generated by inverter fed locomotives in the distributed overhead
supply systems,” IEEE Trans. on Pow. Elect., Vol. 4, n. 2, Apr.
1989, pp. 168-174.

[3] C. Landi, M. Luiso and N. Pasquino, "A Remotely Controlled
Onboard Measurement System for Optimization of Energy
Consumption of Electrical Trains," in IEEE Transactions on
Instrumentation and Measurement, vol. 57, no. 10, pp. 2250-2256,
Oct. 2008. doi: 10.1109/TIM.2008.922110

[4] M. Tanta, V. Monteiro, T. J. C. Sousa, A. P. Martins, A. S. Carvalho
and J. L. Afonso, “Power quality phenomena in electrified railways:
Conventional and new trends in power quality improvement toward
public power systems,” Proc. of the Intern. Young Engineers
Forum, May 4, 2018, Lisbon, Portugal.

5
Authorized licensed use limited to: Universita degli Studi di Genova. Downloaded on July 19,2020 at 21:51:29 UTC from IEEE Xplore. Restrictions apply.



[5] Y. Li, C.H. Leow, W. L. Lau and M. C. K. Ong, “Induced voltage
study and measurement for communication system in railway,”
Proc. of IEEE Intern. Symp. on Electrom. Comp., May 14, 2018,
pp. 32-35.

[6] A. Mariscotti, M. Ruscelli and M. Vanti, “Modeling of
Audiofrequency Track Circuits for validation, tuning and conducted
interference prediction”, IEEE Trans. on Intel. Transp. Sys., Vol. 11,
n. 1, March 2010, pp. 52-60.

[71 G Lucca, A. Bochicchio, M. Moro, “Electromagnetic interference
on a telecommunication cable from a railway line: comparison
between calculations and measurements,” Proc. of 14th Intern.
Zurich Symp. on Electromagnetic Compatibility, Feb. 20, 2001.

[8] CENELEC EN 50388, Railway Applications — Power supply and
rolling stock — Technical criteria for the coordination between
power supply (substation) and rolling stock to achieve
interoperability, 2013.

[9] CENELEC EN 50463-2, Railway applications — Energy
measurement on board trains, 2017.

[10] A. Mariscotti, “Relevance of Harmonic Active Power Terms for
Energy Consumption in Some Railway Systems,” 23rd IMEKO
TC4 Intern. Symp., Xi’an, China, Sept. 17-20, 2017.

[11] A. Mariscottti, “Characterization of Active Power Flow at
Harmonics for AC and DC Railway Vehicles,” IEEE Vehicle Power
and Propulsion Conf., Oct. 14-17, 2019, Hanoi, Vietnam.

[12] A. Mariscotti and D. Giordano, “Electrical Characteristics of
Pantograph Arcs in DC Railways: Infrastructure Influence,” 23rd
IMEKO TC4 Intern. Symp., Xi’an, China, Sept. 17-20, 2017.

[13] G. Crotti et al., “Pantograph-to-OHL Arc: Conducted Effects in DC
Railway Supply System,” IEEE Trans. on Instrum. and Meas., Vol.
68, n. 10, 2019, pp. 3861-3870.

[14] G Gao, T. Zhang, W. Wei, Y. Hu, G Wu and N. Zhou, “A
pantograph arcing model for electrified railways with different
speeds,” Proc Inst. of Mech. Eng. - Part F: Journal of Rail and
Rapid Transit, Vol. 32, n. 6, 2018, pp. 1731-1740.

[15] V. V. Terzija and H.-J. Koglin, “On the Modeling of Long Arc in
Still Air and Arc Resistance Calculation,” IEEE Trans. on Power
Delivery, Vol. 19, n. 3, 2004, pp. 1012-1017.

[16] A. Mariscotti, “Characterization of Power Quality transient
phenomena of DC railway traction supply”, ACTA IMEKO, July
2012, Vol. 1, n. 1, pp. 26-35.

[17] J.A. Ghijselen and J.L. Willems, “Determining Customer
Contribution to Voltage Distortion in Power Systems,” L Energia
Elettrica, Vol. 81, 2004, pp. 116-122.

[18] D. Gallo, C. Landi, M. Luiso, “Large Bandwidth Compensation of
Current Transformers”, Proceedings of IEEE International
Instrumentation and Measurement Technology Conference 2MTC
2009, Singapore, May 5-7 2009, doi: 10.1109/IMTC.2009.5168421,
Page(s): 86 - 91

T. Busatto, A. Larsson , S. K. Ronnberg , and M. H. J. Bollen,

“Including  Uncertainties From Customer Connections in

Calculating Low-Voltage Harmonic Impedance,” IEEE Trans. on

Power Delivery, Vol. 34, n. 2, Apr. 2019, pp. 606-615.

[20] M. Meyer and J. Schoning, ‘“Netzstabilitdt in groen Bahnnetzen,”
Eisenbahn-Revue, n. 7-8/1999, pp. 312-317.

[21] H. Hu, H. Tao, F. Blaabjerg, X. Wang, Z. He and S. Gao, “Train—
Network Interactions and Stability Evaluation in High-Speed
Railways—Part I: Phenomena and Modeling,” IEEE Trans. on Power
Electronics, Vol. 33, n. 6, June 2018, pp. 4627-4642.

[22] H.J. Kaleybar, H. M. Kojabadi, M. Brenna, F. Foiadelli, S.S.
Fazel and A. Rasi, “An Inclusive Study and Classification of
Harmonic Phenomena in Electric Railway Systems,” Proc. of IEEE
Intern. Conf. on Envir. and Electr. Eng., June 11-14, 2019, Genova,
Italy.

[23] P. Tosato, D. Macii, M. Luiso, D. Brunelli, D. Gallo and C. Landi,
"A Tuned Lightweight Estimation Algorithm for Low-Cost Phasor
Measurement Units," in IEEE Transactions on Instrumentation and
Measurement, vol. 67, no. 5, pp. 1047-1057, May 2018. doi:
10.1109/TIM.2017.2775458

[19

—

[24] E. Thunberg and L. Soder, “A Norton Approach to Distribution
Network Modeling for Harmonic Studies,” /EEE Trans. on Power
Delivery, Vol. 14, n. 1, Jan. 1999, pp. 272-277.

[25] D. Gallo, C. Landi, M. Luiso, “Issues in the Characterization of
Power Quality Instruments”, Elsevier Measurement, Volume 43,
Issue 8, October 2010, Pages 1069-1076, ISSN: 02632241

[26] S. Cobreces, E.J. Bueno, D. Pizarro, F. J. Rodriguez and F. Huerta,
“Grid Impedance Monitoring System for Distributed Power
Generation Electronic Interfaces,” IEEE Trans. on Instrum. and
Meas., Vol. 58, n. 9, Sept. 2009, pp. 3112-3121.

[27] A. Delle Femine, D. Gallo, C. Landi, M. Luiso, “Broadband
Voltage Transducer with Optically Insulated Output for Power
Quality Analyses”, Proceedings of IEEE Instrumentation and
Measurement Technology Conference IMTC 2007, 1-3 May 2007,
Warsaw, Poland. DOI: 10.1109/IMTC.2007.379394, ISBN 1-4244-
1080-0

[28] N. Hoffmann and F. W. Fuchs, “Minimal Invasive Equivalent Grid
Impedance Estimation in Inductive—Resistive Power Networks
Using Extended Kalman Filter,” IEEE Trans. on Power Electronics,
Vol. 29, n. 2, Feb. 2014, pp. 631-641.

[29] M. Ciobotaru, V. Agelidis and R. Teodorescu, “Line impedance
estimation using model based identification technique,” Proc. of the
14th European Conf. on Power Electronics and Applications, Aug.
30-Sept. 1, 2011, Birmingham, UK.

[30] L. Asiminoaei, R. Teodorescu, F. Blaabjerg and U. Borup,
“Implementation and Test of an Online Embedded Grid Impedance
Estimation Technique for PV Inverters,” IEEE Trans. on Industrial
Electronics, Vol. 52, n. 4, Aug. 2005, pp. 1136-1144.

[31] A. Mariscotti, “Results on the Power Quality of French and Italian
2x25 kV 50 Hz railways”, Proc. of Intern. Instrum. and Meas.
Techn. Conf. 2MTC, Graz, Austria, May 13-16, 2012.

[32] A. Mariscotti, “DC railway line voltage ripple for periodic and
aperiodic phenomena”, Proc. of 18th IMEKO TC4 Symp. on Meas.
of Electrical Quantities, Natal, RN, Brazil, Sept. 27-30, 2011.

[33] P. Pan, H. Hu, X. Yang , F. Blaabjerg, X. Wang and Z. He,
“Impedance Measurement of Traction Network and Electric Train
for Stability Analysis in High-Speed Railways,” IEEE Trans. on
Power Electronics, Vol. 33, n. 12, Dec. 2018, pp. 10086-10100.

[34] H.W.M. Smulders and H.A. Prins, “Fast and efficient
determination of Eigenfrequencies of railway systems,” IEEE
Intern. Instrum. and Meas. Techn. Conf. (2MTC), May 11-14,
2015, Pisa, Italy.

[35] A. Delle Femine, D. Gallo, C. Landi and M. Luiso, “Discussion on
DC and AC Power Quality Assessment in Railway Traction Supply
Systems,” Proc. of the IEEE Intern. Instrum. and Meas. Technology
Conf., May 20-23, 2019, Auckland, New Zealand.

[36] G Crotti et al., “Monitoring Energy and Power Quality On Board
Train,” Proc. of 10th IEEE Intern. Workshop on Applied Meas. for
Power Systems, Sept. 25-27, 2019, Aachen, Germany.

[37] G. Crotti; D. Gallo; D. Giordano; C. Landi; M. Luiso, "Industrial
Comparator for Smart Grid Sensor Calibration," in IEEE Sensors
Journal, vol. 17, no. 23, pp. 7784-7793, Dec.1, 1 2017. doi:
10.1109/JSEN.2017.2724299

[38] D. Gallo, C. Landi, M. Luiso, “Severity Assessment Issues for
Short Voltage Dips”, Elsevier Measurement, Volume 43, Issue 8,
October 2010, Pages 1040-1048, ISSN: 02632241

[39] M. Farhoodnea, A. Mohamed, and H. Shareef, “A Single Point
Measurement Method for Evaluating Harmonic Contributions of
Utility and Customer in Power Distribution Systems,” Journal of
Applied Sciences, Vol. 11, no. 2, 211, pp. 257-265.

[40] P. Ferrari, A. Mariscotti and P. Pozzobon, “Reference curves of the
pantograph impedance in DC railway systems”, IEEE Intern. Conf.
on Circuits and Systems, Geneve, Switzerland, May 28-31, 2000,
Vol. I, pp. 555-558.

[41] M. Fracchia, A. Mariscotti and P. Pozzobon, “Track and traction
line impedance expressions for deterministic and probabilistic
voltage distortion analysis”, IEEE Intern. Conf. on Harmonics and
Quality of Power (ICHQP), Orlando, Florida, USA, Oct. 21-25,
2000, pp. 589-594.

6
Authorized licensed use limited to: Universita degli Studi di Genova. Downloaded on July 19,2020 at 21:51:29 UTC from IEEE Xplore. Restrictions apply.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.7
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AbadiMT-CondensedLight
    /ACaslon-Italic
    /ACaslon-Regular
    /ACaslon-Semibold
    /ACaslon-SemiboldItalic
    /AdobeArabic-Bold
    /AdobeArabic-BoldItalic
    /AdobeArabic-Italic
    /AdobeArabic-Regular
    /AdobeHebrew-Bold
    /AdobeHebrew-BoldItalic
    /AdobeHebrew-Italic
    /AdobeHebrew-Regular
    /AdobeHeitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobePiStd
    /AdobeSongStd-Light
    /AdobeThai-Bold
    /AdobeThai-BoldItalic
    /AdobeThai-Italic
    /AdobeThai-Regular
    /AGaramond-Bold
    /AGaramond-BoldItalic
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AgencyFB-Bold
    /AgencyFB-Reg
    /AGOldFace-Outline
    /AharoniBold
    /Algerian
    /Americana
    /Americana-ExtraBold
    /AndaleMono
    /AndaleMonoIPA
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Anna
    /ArialAlternative
    /ArialAlternativeSymbol
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMT-Black
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /BakerSignet
    /BankGothicBT-Medium
    /Barmeno-Bold
    /Barmeno-ExtraBold
    /Barmeno-Medium
    /Barmeno-Regular
    /Baskerville
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /Baskerville-Bold
    /Baskerville-BoldItalic
    /Baskerville-Italic
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /Bellevue
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlingAntiqua-Bold
    /BerlingAntiqua-BoldItalic
    /BerlingAntiqua-Italic
    /BerlingAntiqua-Roman
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /BiffoMT
    /BinnerD
    /BinnerGothic
    /BlackadderITC-Regular
    /Blackoak
    /blex
    /blsy
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /Bodoni-Italic
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolSeven
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /Botanical
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BradleyHandITC
    /Braggadocio
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScript
    /BrushScriptMT
    /CaflischScript-Bold
    /CaflischScript-Regular
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Carta
    /CaslonOpenfaceBT-Regular
    /Castellar
    /CastellarMT
    /Centaur
    /Centaur-Italic
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchL-Bold
    /CenturySchL-BoldItal
    /CenturySchL-Ital
    /CenturySchL-Roma
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /CharterBT-Bold
    /CharterBT-BoldItalic
    /CharterBT-Italic
    /CharterBT-Roman
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /Chiller-Regular
    /Cmb10
    /CMB10
    /Cmbsy10
    /CMBSY10
    /CMBSY5
    /CMBSY6
    /CMBSY7
    /CMBSY8
    /CMBSY9
    /Cmbx10
    /CMBX10
    /Cmbx12
    /CMBX12
    /Cmbx5
    /CMBX5
    /Cmbx6
    /CMBX6
    /Cmbx7
    /CMBX7
    /Cmbx8
    /CMBX8
    /Cmbx9
    /CMBX9
    /Cmbxsl10
    /CMBXSL10
    /Cmbxti10
    /CMBXTI10
    /Cmcsc10
    /CMCSC10
    /Cmcsc8
    /CMCSC8
    /Cmcsc9
    /CMCSC9
    /Cmdunh10
    /CMDUNH10
    /Cmex10
    /CMEX10
    /CMEX7
    /CMEX8
    /CMEX9
    /Cmff10
    /CMFF10
    /Cmfi10
    /CMFI10
    /Cmfib8
    /CMFIB8
    /Cminch
    /CMINCH
    /Cmitt10
    /CMITT10
    /Cmmi10
    /CMMI10
    /Cmmi12
    /CMMI12
    /Cmmi5
    /CMMI5
    /Cmmi6
    /CMMI6
    /Cmmi7
    /CMMI7
    /Cmmi8
    /CMMI8
    /Cmmi9
    /CMMI9
    /Cmmib10
    /CMMIB10
    /CMMIB5
    /CMMIB6
    /CMMIB7
    /CMMIB8
    /CMMIB9
    /Cmr10
    /CMR10
    /Cmr12
    /CMR12
    /Cmr17
    /CMR17
    /Cmr5
    /CMR5
    /Cmr6
    /CMR6
    /Cmr7
    /CMR7
    /Cmr8
    /CMR8
    /Cmr9
    /CMR9
    /Cmsl10
    /CMSL10
    /Cmsl12
    /CMSL12
    /Cmsl8
    /CMSL8
    /Cmsl9
    /CMSL9
    /Cmsltt10
    /CMSLTT10
    /Cmss10
    /CMSS10
    /Cmss12
    /CMSS12
    /Cmss17
    /CMSS17
    /Cmss8
    /CMSS8
    /Cmss9
    /CMSS9
    /Cmssbx10
    /CMSSBX10
    /Cmssdc10
    /CMSSDC10
    /Cmssi10
    /CMSSI10
    /Cmssi12
    /CMSSI12
    /Cmssi17
    /CMSSI17
    /Cmssi8
    /CMSSI8
    /Cmssi9
    /CMSSI9
    /Cmssq8
    /CMSSQ8
    /Cmssqi8
    /CMSSQI8
    /Cmsy10
    /CMSY10
    /Cmsy5
    /CMSY5
    /Cmsy6
    /CMSY6
    /Cmsy7
    /CMSY7
    /Cmsy8
    /CMSY8
    /Cmsy9
    /CMSY9
    /Cmtcsc10
    /CMTCSC10
    /Cmtex10
    /CMTEX10
    /Cmtex8
    /CMTEX8
    /Cmtex9
    /CMTEX9
    /Cmti10
    /CMTI10
    /Cmti12
    /CMTI12
    /Cmti7
    /CMTI7
    /Cmti8
    /CMTI8
    /Cmti9
    /CMTI9
    /Cmtt10
    /CMTT10
    /Cmtt12
    /CMTT12
    /Cmtt8
    /CMTT8
    /Cmtt9
    /CMTT9
    /Cmu10
    /CMU10
    /Cmvtt10
    /CMVTT10
    /ColonnaMT
    /Colossalis-Bold
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Copperplate-ThirtyThreeBC
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CourierStd
    /CourierStd-Bold
    /CourierStd-BoldOblique
    /CourierStd-Oblique
    /CourierX-Bold
    /CourierX-BoldOblique
    /CourierX-Oblique
    /CourierX-Regular
    /CreepyRegular
    /CurlzMT
    /David-Bold
    /David-Reg
    /DavidTransparent
    /Dcb10
    /Dcbx10
    /Dcbxsl10
    /Dcbxti10
    /Dccsc10
    /Dcitt10
    /Dcr10
    /Desdemona
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /Dingbats
    /DomCasual
    /Dotum
    /DotumChe
    /DoulosSIL
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversGothicBT-Regular
    /EngraversMT
    /EraserDust
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErieBlackPSMT
    /ErieLightPSMT
    /EriePSMT
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EUEX10
    /EUEX7
    /EUEX8
    /EUEX9
    /EUFB10
    /EUFB5
    /EUFB7
    /EUFM10
    /EUFM5
    /EUFM7
    /EURB10
    /EURB5
    /EURB7
    /EURM10
    /EURM5
    /EURM7
    /EuroMono-Bold
    /EuroMono-BoldItalic
    /EuroMono-Italic
    /EuroMono-Regular
    /EuroSans-Bold
    /EuroSans-BoldItalic
    /EuroSans-Italic
    /EuroSans-Regular
    /EuroSerif-Bold
    /EuroSerif-BoldItalic
    /EuroSerif-Italic
    /EuroSerif-Regular
    /EUSB10
    /EUSB5
    /EUSB7
    /EUSM10
    /EUSM5
    /EUSM7
    /FelixTitlingMT
    /Fences
    /FencesPlain
    /FigaroMT
    /FixedMiriamTransparent
    /FootlightMTLight
    /Formata-Italic
    /Formata-Medium
    /Formata-MediumItalic
    /Formata-Regular
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothicITCbyBT-Book
    /FranklinGothicITCbyBT-BookItal
    /FranklinGothicITCbyBT-Demi
    /FranklinGothicITCbyBT-DemiItal
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Frutiger-Black
    /Frutiger-BlackCn
    /Frutiger-BlackItalic
    /Frutiger-Bold
    /Frutiger-BoldCn
    /Frutiger-BoldItalic
    /Frutiger-Cn
    /Frutiger-ExtraBlackCn
    /Frutiger-Italic
    /Frutiger-Light
    /Frutiger-LightCn
    /Frutiger-LightItalic
    /Frutiger-Roman
    /Frutiger-UltraBlack
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /FuturaBT-Bold
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-Medium
    /FuturaBT-MediumItalic
    /Futura-Light
    /Futura-LightOblique
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BoldItalic
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-Italic
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Gautami
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GeorgiaRef
    /Giddyup
    /Giddyup-Thangs
    /Gigi-Regular
    /GillSans
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-CondensedBold
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /Gothic-Thirteen
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /GoudyTextMT-LombardicCapitals
    /GSIDefaultSymbols
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Fraction
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Humanist521BT-BoldCondensed
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-RomanCondensed
    /Imago-ExtraBold
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /Ironwood
    /ItcEras-Medium
    /ItcKabel-Bold
    /ItcKabel-Book
    /ItcKabel-Demi
    /ItcKabel-Medium
    /ItcKabel-Ultra
    /JasmineUPC
    /JasmineUPC-Bold
    /JasmineUPC-BoldItalic
    /JasmineUPC-Italic
    /JoannaMT
    /JoannaMT-Italic
    /Jokerman-Regular
    /JuiceITC-Regular
    /Kartika
    /Kaufmann
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KidTYPEPaint
    /KinoMT
    /KodchiangUPC
    /KodchiangUPC-Bold
    /KodchiangUPC-BoldItalic
    /KodchiangUPC-Italic
    /KorinnaITCbyBT-Regular
    /KristenITC-Regular
    /KrutiDev040Bold
    /KrutiDev040BoldItalic
    /KrutiDev040Condensed
    /KrutiDev040Italic
    /KrutiDev040Thin
    /KrutiDev040Wide
    /KrutiDev060
    /KrutiDev060Bold
    /KrutiDev060BoldItalic
    /KrutiDev060Condensed
    /KrutiDev060Italic
    /KrutiDev060Thin
    /KrutiDev060Wide
    /KrutiDev070
    /KrutiDev070Condensed
    /KrutiDev070Italic
    /KrutiDev070Thin
    /KrutiDev070Wide
    /KrutiDev080
    /KrutiDev080Condensed
    /KrutiDev080Italic
    /KrutiDev080Wide
    /KrutiDev090
    /KrutiDev090Bold
    /KrutiDev090BoldItalic
    /KrutiDev090Condensed
    /KrutiDev090Italic
    /KrutiDev090Thin
    /KrutiDev090Wide
    /KrutiDev100
    /KrutiDev100Bold
    /KrutiDev100BoldItalic
    /KrutiDev100Condensed
    /KrutiDev100Italic
    /KrutiDev100Thin
    /KrutiDev100Wide
    /KrutiDev120
    /KrutiDev120Condensed
    /KrutiDev120Thin
    /KrutiDev120Wide
    /KrutiDev130
    /KrutiDev130Condensed
    /KrutiDev130Thin
    /KrutiDev130Wide
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldOblique
    /LetterGothic-BoldSlanted
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Slanted
    /LevenimMT
    /LevenimMTBold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /Lithos-Black
    /Lithos-Regular
    /LotusWPBox-Roman
    /LotusWPIcon-Roman
    /LotusWPIntA-Roman
    /LotusWPIntB-Roman
    /LotusWPType-Roman
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Lydian
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /Map-Symbols
    /MathA
    /MathB
    /MathC
    /Mathematica1
    /Mathematica1-Bold
    /Mathematica1Mono
    /Mathematica1Mono-Bold
    /Mathematica2
    /Mathematica2-Bold
    /Mathematica2Mono
    /Mathematica2Mono-Bold
    /Mathematica3
    /Mathematica3-Bold
    /Mathematica3Mono
    /Mathematica3Mono-Bold
    /Mathematica4
    /Mathematica4-Bold
    /Mathematica4Mono
    /Mathematica4Mono-Bold
    /Mathematica5
    /Mathematica5-Bold
    /Mathematica5Mono
    /Mathematica5Mono-Bold
    /Mathematica6
    /Mathematica6Bold
    /Mathematica6Mono
    /Mathematica6MonoBold
    /Mathematica7
    /Mathematica7Bold
    /Mathematica7Mono
    /Mathematica7MonoBold
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /Mesquite
    /Mezz-Black
    /Mezz-Regular
    /MICR
    /MicrosoftSansSerif
    /MingLiU
    /Minion-BoldCondensed
    /Minion-BoldCondensedItalic
    /Minion-Condensed
    /Minion-CondensedItalic
    /Minion-Ornaments
    /MinionPro-Bold
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Regular
    /Miriam
    /MiriamFixed
    /MiriamTransparent
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MonotypeSorts
    /MSAM10
    /MSAM5
    /MSAM6
    /MSAM7
    /MSAM8
    /MSAM9
    /MSBM10
    /MSBM5
    /MSBM6
    /MSBM7
    /MSBM8
    /MSBM9
    /MS-Gothic
    /MSHei
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReference1
    /MSReference2
    /MSReferenceSansSerif
    /MSReferenceSansSerif-Bold
    /MSReferenceSansSerif-BoldItalic
    /MSReferenceSansSerif-Italic
    /MSReferenceSerif
    /MSReferenceSerif-Bold
    /MSReferenceSerif-BoldItalic
    /MSReferenceSerif-Italic
    /MSReferenceSpecialty
    /MSSong
    /MS-UIGothic
    /MT-Extra
    /MTExtraTiger
    /MT-Symbol
    /MT-Symbol-Italic
    /MVBoli
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-Italic
    /Myriad-Roman
    /Narkisim
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewMilleniumSchlbk-BoldItalicSH
    /NewsGothic
    /NewsGothic-Bold
    /NewsGothicBT-Bold
    /NewsGothicBT-BoldItalic
    /NewsGothicBT-Italic
    /NewsGothicBT-Roman
    /NewsGothic-Condensed
    /NewsGothic-Italic
    /NewsGothicMT
    /NewsGothicMT-Bold
    /NewsGothicMT-Italic
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NimbusMonL-Bold
    /NimbusMonL-BoldObli
    /NimbusMonL-Regu
    /NimbusMonL-ReguObli
    /NimbusRomNo9L-Medi
    /NimbusRomNo9L-MediItal
    /NimbusRomNo9L-Regu
    /NimbusRomNo9L-ReguItal
    /NimbusSanL-Bold
    /NimbusSanL-BoldCond
    /NimbusSanL-BoldCondItal
    /NimbusSanL-BoldItal
    /NimbusSanL-Regu
    /NimbusSanL-ReguCond
    /NimbusSanL-ReguCondItal
    /NimbusSanL-ReguItal
    /Nimrod
    /Nimrod-Bold
    /Nimrod-BoldItalic
    /Nimrod-Italic
    /NSimSun
    /Nueva-BoldExtended
    /Nueva-BoldExtendedItalic
    /Nueva-Italic
    /Nueva-Roman
    /NuptialScript
    /OCRA
    /OCRA-Alternate
    /OCRAExtended
    /OCRB
    /OCRB-Alternate
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Palatino-Roman
    /PapyrusPlain
    /Papyrus-Regular
    /Parchment-Regular
    /Parisian
    /ParkAvenue
    /Penumbra-SemiboldFlare
    /Penumbra-SemiboldSans
    /Penumbra-SemiboldSerif
    /PepitaMT
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PhotinaCasualBlack
    /Playbill
    /PMingLiU
    /Poetica-SuppOrnaments
    /PoorRichard-Regular
    /PopplLaudatio-Italic
    /PopplLaudatio-Medium
    /PopplLaudatio-MediumItalic
    /PopplLaudatio-Regular
    /PrestigeElite
    /Pristina-Regular
    /PTBarnumBT-Regular
    /Raavi
    /RageItalic
    /Ravie
    /RefSpecialty
    /Ribbon131BT-Bold
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rockwell-Light
    /Rockwell-LightItalic
    /Rod
    /RodTransparent
    /RunicMT-Condensed
    /Sanvito-Light
    /Sanvito-Roman
    /ScriptC
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /Serpentine-BoldOblique
    /ShelleyVolanteBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SILDoulosIPA
    /SimHei
    /SimSun
    /SimSun-PUA
    /SnapITC-Regular
    /StandardSymL
    /Stencil
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /Stop
    /Swiss721BT-BlackExtended
    /Sylfaen
    /Symbol
    /SymbolMT
    /SymbolTiger
    /SymbolTigerExpert
    /Tahoma
    /Tahoma-Bold
    /Tci1
    /Tci1Bold
    /Tci1BoldItalic
    /Tci1Italic
    /Tci2
    /Tci2Bold
    /Tci2BoldItalic
    /Tci2Italic
    /Tci3
    /Tci3Bold
    /Tci3BoldItalic
    /Tci3Italic
    /Tci4
    /Tci4Bold
    /Tci4BoldItalic
    /Tci4Italic
    /TechnicalItalic
    /TechnicalPlain
    /Tekton
    /Tekton-Bold
    /TektonMM
    /Tempo-HeavyCondensed
    /Tempo-HeavyCondensedItalic
    /TempusSansITC
    /Tiger
    /TigerExpert
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldItalicOsF
    /Times-BoldSC
    /Times-ExtraBold
    /Times-Italic
    /Times-ItalicOsF
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Times-RomanSC
    /Trajan-Bold
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-CondensedMedium
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-Medium
    /Univers-MediumItalic
    /URWBookmanL-DemiBold
    /URWBookmanL-DemiBoldItal
    /URWBookmanL-Ligh
    /URWBookmanL-LighItal
    /URWChanceryL-MediItal
    /URWGothicL-Book
    /URWGothicL-BookObli
    /URWGothicL-Demi
    /URWGothicL-DemiObli
    /URWPalladioL-Bold
    /URWPalladioL-BoldItal
    /URWPalladioL-Ital
    /URWPalladioL-Roma
    /USPSBarCode
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VerdanaRef
    /VinerHandITC
    /Viva-BoldExtraExtended
    /Vivaldii
    /Viva-LightCondensed
    /Viva-Regular
    /VladimirScript
    /Vrinda
    /Webdings
    /Westminster
    /Willow
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WNCYB10
    /WNCYI10
    /WNCYR10
    /WNCYSC10
    /WNCYSS10
    /WoodtypeOrnaments-One
    /WoodtypeOrnaments-Two
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /XYATIP10
    /XYBSQL10
    /XYBTIP10
    /XYCIRC10
    /XYCMAT10
    /XYCMBT10
    /XYDASH10
    /XYEUAT10
    /XYEUBT10
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata pogodnih za pouzdani prikaz i ispis poslovnih dokumenata koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


