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Abstract. The paper describes the measuring and
modeling of attenuation and near-end crosstalk for a
specific metallic cable in a frequency band up to 1 GHz.
The paper also includes primary transmission parameters
of this cable, which consists of four twisted pairs and is
designed for telecommunication infrastructures in
buildings. The aim of this paper is to compare
measurements and simulations obtained from appropriate
models and to determine the parameters of analytic
models for modelling the transmission performance of
advanced transmisssion systems.

parameters for frequency band up to typicaly 100 MHz
have been described in many papers [4], [5]. Specific
measurement procedures and results of parameters were
also presented there. However, the aim of this paper is to
perform these measurements and modeling with
appropriate calculations of necessary parameters for
frequency band up to 1 GHz. Subsequently, these
parameters will be used for modeling in the advanced
model for Digital Subscriber Lines and data
communication systems over metallic lines in local
networks, based on methods presented in [6], [7].
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1.

Introduction

Today, the access telecommunication and local data
networks still consist mostly of metallic cables and lines.
However, generally, the symmetrical pairs of metallic
cables have limited frequency band, therefore, their
transmission performance will soon not be sufficient for
modern multimedia services. On the other hand,
replacing the present metallic infrastructures would be
very expensive process that is why it still important to
find some compromising solutions for increasing the
transmission capacity of present metallic cables and
networks. However, these potential solutions are usually
based on using advanced modulation and transmission
techiques, which require adequate predictions of
transmission parameters of used cables and lines to be
able reach high bit rate transmissions. These parameters
for analytic models [6], [7], can be usually obtained by
measurements.
Nevertheless, the majority of these measurements
and modelings were performed only in the frequency
band up to 100 MHz [4], [5]. Several models and their
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Theory

2.1. Primary Parameters
The primary and secondary parameters are most
frequently used to describe the homogenous lines. These
parameters are influenced mainly by the structure and
types of materials used for a specific metallic cable or a
single telecommunication line. The primary parameters
consist of resistance (1), inductance (2), capacitance (3)
and conductance (4) per kilometer. The secondary
parameter contains attenuation factor and phase factor
and also the characteristic impedance and the velocity of
propagation of electromagnetic wave throughout the line.
Following formulas (1), (2), (3), and (4) describe the
relation between primary and secondary parameters and
were used to calculate the primary parameters for the
measured cable:
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The frequency characteristics of these primary
parameters are presented in Fig. 6, Fig. 7, Fig. 8 and
Fig. 9.

2.4. Method for Obtaining Crosstalk
Characteristics

2.2. Crosstalk

The NEXT crosstalk was measured using two baluns
NortHills NH16447 according to the schematic illustrated
in Fig. 2. These baluns can be used typicaly for frequency
band from 5 MHz to 1,2 GHz (limits for 3 dB decrease).
It is also necessary to terminate both unused ends of pairs
by proper impedances.

Generally, a part of the electromagnetic wave propagating
throughout multi-pair metallic cable can pass from the
source pair into any of its neighbours. This negative
energy transmission between pairs in multi-pair or multiquad metallic cables is usually called the crosstalk. The
near-end crosstalk (NEXT) and far-end crosstalk (FEXT)
are caused by capacitive and inductive unbalances
between all pairs in a cable. The additional loss of
propagating electromagnetic wave and the increase of
disturbance in surrounding metallic pairs are the most
serious negative impacts of crosstalk in case of digital
transmission systems today [2], [3]. Some manufacturing
and internal constructing methods of metallic cables can
be potentially used to decrease the amount of crosstalk
ratio. The main difference between NEXT and FEXT
crosstalk is in the point, where the crosstalk is observed.
The NEXT occurs in a pair of a cable, which is measured
at the same end of a cable as the transmitter, while in case
of FEXT, the transmitter and receiver are located on the
opposite sides of a cable.

2.3. The Methods for Measuring the
Primary and Secondary Parameters

Fig. 2: The schematic illustration of NEXT measurements.

The FEXT crosstalk was measured using a similar
method as illustrated in following Fig. 3.

Fig. 3: Measuring the FEXT crosstalk.

2.5. Analytic Model
The measurements of secondary parameters of specific
metallic cable were performed by a network analyzer
Rohde&Schwarz FSH8 (spectral analyzer with vector
signal analyzing option) with two baluns NortHills
NH16447. The local cable STP (cat. 6) length of 100 m
with four twisted pairs was measured. First, the
transmission parameter S21 of each pair was measured
and after that the characteristic impedance was
determined by using a method with internal impedance
bridge described in [1] to obtain a S11 parameter. The
schematic illustration of performed measurements is
presented in Fig. 1.

The frequency characteristics of each metallic cable (line)
can be described by analytic models. The model of
attenuation coefficient  is presented by (5), the
modelling of NEXT attenuation can be performed by (6)
and FEXT crosstalk can be described using (7). The
process of modeling consists of obtaining necessary
coefficients. In case of attenuation factor, these
coefficients are k1, k2 a k3 and models of FEXT and
NEXT crosstalk require kN and kF coefficients. The
coefficients can be usually obtained by using appropriate
approximation:

  k1 f  k 2 f 
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Fig. 1: Using internal impedance bridge for measuring the S11
parameter.
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The Results of Performed
Measurements and Models

The cable used for measurements contains four twisted
pairs. The results of attenuation factor and phase factor of
a pair number 1 are given in Fig. 4 and Fig. 5. The
primary parameters, such as resistance, inductance,
capacitance and conductance, are shown in Fig. 6, Fig. 7,
Fig. 8 and Fig. 9. All characteristics were also measured
and modeled for all four pairs, however, the differences
between these characteristics for all pairs are not
noticeable, therefore, an example for only pair no. 1 was
selected. The measurements were performed in a
frequency band from 1 MHz to 1 GHz.
Fig. 6: Resistance per kilometer R.

Fig. 4: Attenuation factor  of a measured cable.
Fig. 7: Inductance per kilometer L.

Fig. 5: Phase factor  of a measured cable.
Fig. 8: Capacitance per kilometer C.
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Fig. 9: Conductance per kilometer G.

Fig. 11: The NEXT attenuation and its model.

The parameters k1, k2 and k3 were calculated for a mean
character of attenuation factor from all measured pairs in
a cable. Thanks to that, these values can be used to model
each pair of a cable. The comparison between measured
(mean value) of attenuation and model according to the
Eq. (5) is presented in Fig. 10. The calculation of k
parameters was performed by using derivate-free NelderMead method in Matlab environment. The values of all k
parameters are presented in Tab. 1.
Tab.1: The values of k parameters.
Coefficient
k1
k2
k3
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Value [dB]
0,001969
5,8066e-10
6,5053e+03

4.

Conclusion

The laboratory workplace of metallic lines and their
parameters at the Dept. of Telecommunication
Engineering (CTU in Prague) was upgraded and new
measuring equipment was obtained. Thanks to that, this
equipment was used for measuring the transmission
characteristics of specific metallic cable in a frequency
band up to 1 GHz. The results of attenuation and NEXT,
FEXT attenuation and the parameters of their models will
be further used in online xDSL simulator [8]. This
simulator serves for simulations and calculations of
transmission systems performance in access and local
data networks. Extend the frequency range up to 1 GHz is
important for future systems with speeds from 1 to
10 Gbps or more.

Acknowledgements
This work was supported by the Grant of the Technology
Agency of the Czech Republic, No. TA02011015,
„Research and development of a new communication
system with multi-channel approach and multi-layer cooperation for industrial applications“, and was researched
in cooperation with CERTICON.
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The measured characteristic of NEXT crosstalk
attenuation ANEXT and its model according to Eq. (6) is
presented in Fig. 11.

References
[1]

CEPA, L., M. KOZAK and J. VODRAZKA. Different
Methods for Measurement and Modelling of Twisted Pair
Parameters. In: 12th International Conference on Research in
Telecommunication Technologies. Velke Losiny: VSBTechnical University of Ostrava, 2010. pp. 53–56. ISBN 97880-248-2261-7.

[2]

LAFATA, P. and J. VODRAZKA. Simulations and Statistical
Evaluations of FEXT Crosstalk in xDSL Systems Using
Metallic Cable Constructional Arrangement. In: 31st
International Conference Telecommunications and Signal

Tab.2: The value of kN parameter.
Coefficient
kN

Value [dB]
213,7827

© 2012 ADVANCES IN ELECTRICAL AND ELECTRONIC ENGINEERING

227

INFORMATION AND COMMUNICATION TECHNOLOGIES AND SERVICES

Processing. Budapest: Asszisztencia Congress Bureau Ltd.,
2008, pp. 115-119. ISBN 978-963-06-5487-6.
[3]

LAFATA, Pavel. Investigation of Accurate Far-End Crosstalk
Modeling in Metallic Cables. Radioengineering. 2012, vol. 21,
no. 1, p. 368-372. ISSN 1210-2512.

[4]

VODRAZKA, J. and J. HRAD. Modeling of a Subscriber Line
with Inhomogeneity. In: 32nd International Conference on
Telecommunications and Signal Processing (TSP 2009).
Dunakiliti: Asszisztencia Congress Bureau Ltd., 2009. pp. 7983. ISBN 978-963-06-7716-5.

[5]

ROKA, Rastislav. Modeling of Environmental Influences at the
Signal Transmission by means of the VDSL and PLC
Technologies.
International
Journal
of
Electrical
Communication Networks and Information Security – IJCNIS.
2009, vol. 1, no. 1, pp. 6-13. ISSN 2073-607X.

[6]

LAFATA, P., P. JARES and J. VODRAZKA. Increasing the
Transmission Capacity of Digital Subscriber Lines. In: 35th
International Conference Telecommunications and Signal
Processing. Prague: Brno University of Technology, 2012, pp.
292-296.
ISBN
978-1-4673-1116-8.
DOI:
10.1109/TSP.2012.6256301.

[7]

STARR, T., M. SORBARA, J. M. CIOFFI, and P. J.
SILVERMAN. DSL Advances. Upper Saddle River: Prentice
Hall, 2002. ISBN 0-13-093810-6.

[8]

XDSL Simulator. Matlab server [online]. 2012. Available at:
http://matlab.fel.cvut.cz/.

About Authors
Marek NEVOSAD was born in Prague, Czech Republic.
He received his M.Sc. degree in electrical engineering

228

VOLUME: 10 | NUMBER: 4 | 2012 | SPECIAL ISSUE

from Czech Technical University in Prague in 2004. His
research
interests
include
telecommunication
transmission systems and software development. He
participates in numerous international projects focused on
new methods in education as a software developer.
Jiri VODRAZKA was born in Prague, Czech Republic
in 1966. He joined the Department of Telecommunication
Engineering, FEE, CTU in Prague in 1996 as a research
assistant and received his Ph.D. degree in electrical
engineering in 2001. He has been the head of the
Transmission Media and Systems scientific group since
2005 and became Associate Professor in 2008. He
participates in numerous projects in cooperation with
external bodies. Currently he acts also as vice-head of the
department.
Pavel LAFATA was born in Ceske Budejovice, Czech
Republic in 1982. He received his Master (Ing.) degree in
2007 and doctor (Ph.D.) degree in 2011 at Faculty of
Electrical Engineering, Czech Technical University in
Prague, specializing in Telecommunication Engineering.
Currently he works as an assistant professor and junior
research
assistant
at
the
Department
of
Telecommunication Engineering of the CTU in Prague.
He is a member of the Transmission Media and Systems
scientific group at the Department. His research activities
are focused mainly on fixed high-speed access networks,
the problems related with disturbance and crosstalk in
metallic cables for digital subscriber lines and optical
access networks and their topologies.

© 2012 ADVANCES IN ELECTRICAL AND ELECTRONIC ENGINEERING

