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Abstract: We propose a technique of crosstalk reduction through
power lines. This crosstalk reduction technique utilises the
pseudo-matched impedances method, which determines the
characteristic parameters of the chosen line using transmission
line theory. Besides, we establish the telegrapher's equations to
determine the characteristic impedances of the line. Further, two
types of lines are employed here to apply the pseudo-matched
impedances method. The far- and near-end crosstalk is measured
using two strategies: a Simulink diagram and a MATLAB code.
The Simulink diagram of the power line provides crosstalk curves,
and the Matlab code directly returns crosstalk values. The
crosstalk reduction rate appears to be between 20% and 50%,
compared to previous investigations using pseudo-matched
impedances in the literature. Moreover, the variation of two
different types of impedances leads to a crosstalk reduction rate
that approaches 99%.

Keywords: Crosstalk, Far-End Crosstalk, Near-End Crosstalk,
Pseudo Adapted Impedances, Electromagnetic Compatibility.

I. INTRODUCTION

The source can represent any device or physical-

electrical phenomenon that induces electromagnetic
disturbances by conduction or radiation. Among the leading
causes of disorders, we can name the distribution of electrical
energy, the propagation of radio waves, electrostatic
discharges, electric motors, lightning, and other related
phenomena.

The crosstalk phenomenon stands for the
interference induced by the electromagnetic waves that
influence the electric signals sent through power network
lines [1-5].
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Moreover, the crossalk phenomenon also acts in optical
transmission network cables. In this case, this phenomenon
affects data communication in data centres, server rooms, and
other areas where a constant flow of data is necessary. The
crosstalk phenomenon is a common issue that is addressed to
facilitate improved networking and data transfer.
Furthermore, there are two types of crosstalk phenomena
which affect networks in various ways. Those crosstalk types
are named near-end crosstalk and far-end crosstalk [1-5]. All
the types of crosstalk are generated inductively (parasitic
mutual inductance) or capacitively (parasitic mutual
capacitance). Inductive crosstalk is only generated when the
aggressor signal modifies the levels. Hence, higher speed
signals generate stronger crosstalk. Besides, the capacitive
crosstalk is generated by changing the potential difference
between the two interconnects [1-5]. In circuit models
describing interconnects, mutual inductance and capacitance
are used to describe the coupling between the aggressor and
victim drivers [1-5].

There are several techniques to prevent and reduce
the electromagnetic perturbations (crosstalk) so that they do
not affect victim drivers. Among the victim drivers, we note
two cases. The first one concerns the powered driver that
receives an external disturbance. Additionally, the second
case involves a non-powered driver who gets an external
disturbance. The investigation of this paper focuses on the
last case [1-5].

Moreover, we precisely study the case of two drivers
where the powered driver affects the non-powered one. This
case is frequently observed in the interconnections of power
transmission lines. Furthermore, one question arises: what
can be done to mitigate or delay this phenomenon? It is well
known that to fight against those electromagnetic phenomena
or radiation coupling, we can minimize ground loops, use
shielding and/or move the victim receiver away from the
source of disturbances [1-5]. Those techniques cannot
provide a better solution to address the crosstalk problem
caused by near-field coupling in interconnected lines.
Moreover, crosstalk phenomena have also been on other
physical systems such as light wave networks [6-12], bus
networks [13], and gene networks [14-19]. However, the use
of the pseudo-matched impedances method to reduce and
characterise crosstalk phenomena in power lines has been
reported least in the literature. The paper is organized as
follows. In Section 2, we establish the equations of the
telegrapher's line to determine the characteristic parameters
of the studied line. Then, we develop the pseudo-matched

impedances method and
characterise ~ the  crosstalk
phenomenon.
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Crosstalk Characterization and Reduction in Power Lines

In Sec. 3, we present the results and discussion of numerical
simulations corresponding to the crosstalk reduction on the
line under consideration. Thereafter, the outcomes are
compared to some results previously obtained in literature. In
Sec.4, we summarize.

II. MATHEMATICAL DEVELOPMENT AND THE
MODEL

We utilise the computer and MATLAB software as key
tools to solve the crosstalk problem. The investigation
includes both analytical and numerical aspects. The analytical
element involves determining characteristic parameters
related to the electric power transmission line. From those
parameters, we establish the mathematical models, including
the voltage, current, and characteristic impedance matrices of
the line. Those different matrices associated with pseudo-
adapted impedances are inserted at the ends of the lines.
Furthermore, the numerical aspect of this method involves
simulating a two-driver line model with pseudo-matched
impedances. Those simulations will be done in the MATLAB
2018a environment.

A. Transmission Line Theory

We consider the diagram of Fig. (1) illustrating a model of
transmission line [20].
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Figure 1 — Model of Transmission Line Considered [20].

V(X+IX)

Considering the characteristic parameters of the circuit
(R, L, C and G), and the second derivative, the telegraphers’
equations are obtained as follows [20]:

Zx‘; LC ” + (RC + LG) S +RG.V )
gx; LC !+ (RC + LG) = +RG.1. )

In the smusmdal regime and mtroducmg the complex form,
the telegraphers’ equations become [20]:

— S =ZY.V(x) 3)

~ L =7y (4)

with Z=R+jwLandY =G + jCw.
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B. Pseudo-Matched Impedances’ Method

This method involves introducing impedances at the ends of
the line to cancel reflections when the pseudo-matched
impedances are equivalent to the line's characteristic
impedance.

a. Characteristic Impedance of the Line

The matching network of a two-drivers line has the role of
absorbing the waves coming from the end where it is
connected and not generating reflected waves.

To cancel the reflections occurring at the ends of the lines, a
termination with an impedance matrix equal to the
characteristic impedance matrix [Zc] of the CML is
connected at each end of the line (see Fig. (2)).

1 1y h
ZJg | 12
L1\'-11‘>1

Figure 2. Illustration of MCL with Characteristic
Impedance at the Ends [21].
Let us consider the case of a line with two drivers. The
following characteristic impedance matrix characterizes this
line]:

[Z] = [ch

Zc12]
Zc1o

ZC11

5)

According to the definition of the matrix [Zc], the following
equation can be verified [21]:

[Ul=[Zc].[1] (6)

where [U] = [gl] et[I] = 51]
2 2
Combining Egs. (7) and (8) yield Egs. (9) and (10) as follows
[21]:
Uy =Zcy1- h + Zeyz I 7

Uy =Zcip-Ih + Zc1q- 1. 3

We can therefore deduce the admittance expression as
follows[21]:

Yy = [Zc] L. )

The matrices [Z] and [Y] are frequency-dependent and
defined from the matrices of the linear parameters of the line.
In addition, we neglect R and G. So, we obtain [21]:
[ZL] (10)
[M=/j-o-[C] (1D
Equations (10) and (11) are obtained in the case of a lossless
line.
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b. Modelling of Crosstalk Phenomenon

The illustration of the crosstalk phenomenon is done by
considering three drivers, impedances, and a power source as
depicted in Fig. 3. We investigate the case of a lossless line.
The quantities Vne (t) and Vee (t) are induced voltages
coming from the currents induced in the circuit. The term Vg
(t) corresponds to the near-end crosstalk and Vg (t) stands for
the far-end crosstalk. Thereafter, the pseudo-matched
impedances are determined and are represented as follows:
Zc=Rs;Z.=Ryg;Z.=RypiZ. =R,

L

1.0

Aggressor driver

- R
Y
4

Victim driver +

RyE i? e

i Reference driver i
| |
L

2'=0 z=L
Figure 3 - Unshielded Line Composed of three Drivers
[21, 22].

c. Initial conditions at the beginning of the simulation

Those conditions are presented in Table 1 as follows.

Table 1 - The Values of the Line Parameters
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e. Schematic Diagram

The schematic diagram is illustrated in Fig.(4) in Appendix.
This Fig.(4) presents a multi-drivers line (middle block)
which is supplied with voltage from the first block on the left.
The middle block consists of three drivers, pseudo-matched
impedances, and current and voltage measurement devices.
The last block on the right is used to observe the curves (see
Fig.(4) in Appendix).

C. The Model

a. Electrical Diagram

The crosstalk phenomenon can be implemented in the
MATLAB environment by the diagram depicted in Fig.(5).

VN; 2 VF;
Vs 14720 R
1472 Q@7
5 A L L R,
1472 Q WN, VF, 14720

F'igure 5- Network Configuration [23]. -

III. RESULTS AND DISCUSSION

A. Simulations using Matlab Code

The linear parameters provided in the mathematical
development in Sec. 2 are inserted into the MATLAB code.

Lines . . . ... . .
Tincar L1=[0'8 €379 0.3725] L2:[O'9337 TRV 4] A s1nuso.1da1 signal is 1nJecteq on the lll}e at the‘begmnmg of
inductance 03725 0.8629 41264 0.9337 propagation. Ther§f0re, the disturbed line obtained here can
(uH/m) allow the evaluation of the far-end and near-end crosstalk
Linear capacity c 1:[ 46.762 —18-036] C2=[12'74 7-751] voltages on the second line (or victim driver).
F/ -18.036 46.762 7751 12.74
(pF/m) a. Results of Matlab Code
Impedance Zcy Zc2=444.1967 We utilise the line parameters presented in Table 1 to
(ohm) = [147'1874 001923 ] implement the MATLAB code shown in Section 2.2.4. The
60.1923 147.1874 p AL ik
Length (km) d=100 results are then listed in Table 2.
Number of N=2 . . .
drivers Table 2- Results Obtained with Two Types of Lines
Sources Zc= 147.1874 ohms
Voltage(V) U=250000 Near-End Far-End Phase shift (°) Reduction
Frequency (12 =0 Soon oV [ 1007
o ()
Phase shift ¢ = 15°30° 60°90° 24.92kv ov 60
(degree) 29KV ov 90
Z.¢c=444.1967 ohms
d. Matlab Code Near-End - Far-End - Phase shift (°) Reduction
£=50; (Frequency) crosstalk crosstalk rate
U=250000; (voltage) 15.182KV ov 30 100%
— . : 26.296kv oV 60
d=10000; (length of propagation) 30.9564KV oV %0
n=2; (number of drivers) '

1=[0.8629 0.3725; 0.3725 0.8629] ; (Linear
inductance)

c=[46.762 -18.036; -18.036 46.762] ; (Linear

capacity)

L=1*d;

C=c*d;

w=2*pi*f; (Angular frequency)

Zc=(L/C)(1/2); (characteristic impedance of the
line)

Y=w*C; (line admittance )

7Z=w*L,; (line impedance)

y=vVZ.Y (Propagation coefficient)

Z1=72=73=Z4=Zc;
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We have here an overview of the results of near-end crosstalk
and Far-end crosstalk in this table

B. Configuration of the Power Line
a. Configuration of the First Power Line for the Zcl
Impedance

Initially, we use the setup in Fig. 5 to characterise the
crosstalk with the pseudo-matched impedances of 147.2 Q.
Thereafter, we can observe the manifestation of crosstalk.
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Crosstalk Characterization and Reduction in Power Lines

Additionally, the far-end and near-end crosstalk will be
measured at points VN4 and VF4, respectively. Besides,
another measurement can be directly done through Fig. (6)
illustrated in Appendix.

b. Configuration of the Second Line with Zc2
Impedance

The value of the impedance changes to Zc2 = 444.196 Q, and
we inject a new signal on the line. In the second
configuration, the new impedance will enable us to verify
whether our method effectively reduces or delays the
crosstalk phenomenon on the line. Each impedance must be
connected to the end of the line under consideration.

c. Study Principle

The studied structure is supplied with a voltage source using
constant amplitude and frequency. Then, we measure the
induced voltage on the neighbouring line (victim driver). The
measurement of the crosstalk is done at the Vng point (see
Fig. (3)), using the scope when the line is powered by a
voltage of 250Kv. The same source is applied in simulation
using MATLAB at a frequency of 50 Hz.

C. Impact of Phase Shift on the Crosstalk

Phenomenon

a. Crosstalk Phenomenon on a Line with Zc=147.1874
ohms and p=15°.

We obtain Fig. (7) for Zc=147.1874 ohms and ¢=15°. The
voltage injected in the line is depicted in Fig. 7(a). The
injected voltage has a sinusoidal form with a period of T =
0.02 s. The amplitude of this injected curve is 1.25x10° v as
depicted in Fig. 7(a). Additionally, the introduction of near-
end crosstalk reduces the voltage amplitude from 1.25 x 10”5
V to 2.50 x 1074 V, as illustrated in Figure. 7(a) and (b). The
beginning of the propagation is shifted from 0 V to 1.00 x
104 V, as seen in Figs. 7(a) and (b). Further, a fluctuation
corresponding to a broken point appears at the beginning of
the propagation at T=0.6x10" s as depicted in Fig. 7(b).
Moreover, the fluctuation exhibits a horizontal and constant
behaviour when 0 < T < 0.6 x 10°(-3) s. This behaviour
becomes vertical and constant at T = 0.6 x 10" (-3) s, when
the amplitude varies between 0.6 x 10"4 V and 1.0 x 10"4 V,
as depicted in Fig. 7(b). Thereafter, the behaviour of the
voltage changes from a vertical and constant form to a
sinusoidal form for T > 0.6 x 10" (- 3) s, as depicted in Fig.
7(b). It appears that the behaviour exhibited in Fig. 7(b)
corresponds to the main behaviour of the near crosstalk when
Zc=147.1874 ohms and ¢=15°. The near-end crosstalk value
is 1.0 x 10"4 V =10 kV, as depicted in Fig. 7(b).

The introduction of far-end crosstalk alters the
nature of the broken point, as shown in Fig. 7(c).
Additionally, the voltage curve exhibits an ascending and
linear behaviour when 0 <T < 0.6 x 10*(-3) s. This behaviour
changes from ascendant and linear to vertical and constant
when T = 0.6 x 10" (-3) s, as illustrated in Fig. 7(c).
Moreover, the vertical and continuous behaviour of the
voltage varies between 0 V and 520 V, as depicted in Fig.
7(c). Furthermore, the voltage behaviour changes again from
vertical and constant to horizontal and constant when T > 0.6
x 107(-3) s, as shown in Fig. 7(c). It appears that the strange
behavior described in Fig 7(c) constitutes the main behavior
of the far-end crosstalk when Zc=147.1874 ohms and ¢=15°.
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The far-end crosstalk value is 520 V, equivalent to 0.52 kV,
as depicted in Fig. 7(c).

b. Crosstalk Phenomenon with Zc=147.1874 ohms and
p=30°.

The impedance is maintained at Zc = 147.1874 ohms, and
the phase shift increases from ¢ = 15 ° to ¢ =30 °. The growth
of the phase shift modifies the form of the injected curve from
a sinusoidal form to a linear form, as depicted in Figs. 7(a)
and 8(a). Additionally, the linear and ascending behaviour of
the voltage curve exhibits a breakpoint at T = 0.6 x 10" (-3)
s. Furthermore, this linear form varies between -0.2 x 104 V
and 3.8 x 10”4 V, as depicted in Fig. 8(a).

The introduction of near-end crosstalk leads to Fig.
8(b). The sinusoidal voltage associated with a slight
fluctuation, as seen in Fig. 7(b), is transformed into the large,
broken structure depicted in Fig. 8(b). The previously small,
broken point in the linear source voltage, as shown in Fig.
8(a), has significantly increased, as observed in Fig. 8(b). The
near-end crosstalk curve progressively increases (ascendant
behavior) from 9500 v to 9800 v when 0<T<0.6x107 s as
illustrated in Fig. 8(b). Thereafter, we observe a vertical and
constant decrease from 9800 V to 5000 V when T=0.6 x 10"
(-3) s. Then, the curve undergoes a steep and linear increase
(ascendant behaviour) from 5000 V to 8000 V when T > 0.6
x 10" (- 3) s, as depicted in Fig. 8(b).

10°

15

1F

05

Voltage
(=]

I 1 |

15 | I I 1
0 0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016 0.018 0.02

Time (s)

Voltage

(b)

- i L T — m— 1 1 I
o] 0.002 0.004 0.006 0.008 001 0.012 0.014 0.016 0.018 0.02

Time (s)
500
400}
@
)
& w00
<
» 200
100
ol ()
L 1 1 L L 1 L 1
0 0002 0.004 0006 0.008 001 0012 0014 0016 0018 002
Offset=0 Time (s)

Figure 7: Crosstalk Curves for z=147.182 ohms and
¢=15°: (a) Source Voltage; (b) Near-End Crosstalk; (c)
Far-end Crosstalk.
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The introduction of the far-end crosstalk leads to Fig. 8(c),
where the massive broken structure still appears. However,
the voltage values have significantly decreased. The far-end
crosstalk curve gradually increases (ascendant behavior)
from 4900 v to 5300 v when 0<T<0.6x107 s as depicted in
Fig. 8(c). Thereafter, we observe a vertical and constant
decrease (in linear form) from 5300 V to 0 V when T = 0.6 x
10~ (-3) s. Besides, the curve exhibits a constant and
horizontal behaviour (linear form) close to 0 V when T > 0.6
x 10" (- 3) s, as presented in Fig. 8(c).

It appears that the near-and far-ends crosstalk exhibit the
same behaviors (Huge broken structure) when the phase shift
is fixed to ¢=30°. However, the voltage values associated
with each effect differ, as shown in Figs. 8 (b) and (c).
Consequently, the introduction of the crosstalk phenomenon
significantly decreases the voltage values.

«10*

0 01 02 03 04 05 06 07 08 09 1
Time (s) <103

10000
9000

&b 8000 -

=

=

S 7000 [

"4

6000

5000 |- 1(b)
0 01 02 03 04 05 06 07 08 09 1

Time (s) x107

500 (-

400

&

0300

=

(=}

S 200

100
of — ©
0 01 02 03 04 05 06 07 08 09 1

Offset=0 Time (s) x10°

Figure 8- Crosstalk Curves for z=147.182 ohms and
¢=30°: (a) Source Voltage, (b) Near-End Crosstalk, (c)
Far-End Crosstalk.

It appears that the increase in phase shift significantly
modifies the impact of the crosstalk phenomenon on the

source voltage, as illustrated in Figs. (7) and (8).
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c. Crosstalk Phenomenon with Zc=147.1874 ohms and
p=060°.

The impedance is maintained at Zc = 147.1874 ohms, and the
phase shift is increased from ¢ =30 ° to ¢ = 60 °. Then, we
obtain Fig. (9). The source voltage has changed its aspect
from the precedent linear form depicted in Fig. 8(a) to the
sinusoidal form illustrated in Fig. 9(a). This sinusoidal curve
exhibits a slight fluctuation at the beginning of wave
propagation at T = 0.5 x 10" (-3) s, as shown in Fig. 9(a).

<10°

A A (N (N N S S @
0 0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016 0.018 0.02
Time (s)

b
3L ] I I I I [ [ I I {®
0 0.002 0.004 0.006 0.008 001 0.012 0.014 0.016 0.018 0.02

Time (s)
. : .
(©
1 1 Il 1 Il Il L 1 1
0 0.002 0.004 0006 0.008 001 0012 0.014 0.016 0018 002
Time (s)

Offset=0

Figure 9- Crostalk Curves for z=147.182 ohms and
¢=60°: (a) Source Voltage; (b) Near-End Crosstalk; (c)
Far-End Crosstalk.

The introduction of near-end crosstalk creates a significant
discontinuity at the beginning of propagation, as shown in
Fig. 9(b). The near-end crosstalk curve exhibits a slight linear
decrease (descendant behaviour) from 0.2x10"4 V to 0 V
when 0 <T <0.5 x 10" (- 3) s. Then, the curve exhibits a steep
vertical and constant increase from 0 V to 2.7 x 10"4 V when
T =10.5 x 10" (-3) s, as illustrated in Fig. 9(b). More so, the
curve maintains its sinusoidal aspect when T=0.5x10"3s as
illustrated in Fig. 9(b).
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The introduction of far-end crosstalk distorted the sinusoidal
form into a strange, broken form, as depicted in Figs. 9 (b)
and (c). The new form exhibits many steps. The curve
exhibits a linear decrease from 320 Vt0 210 Vwhen 0 < T <
0.5 x 10" (- 3) s, as shown in Fig. 9(c). Additionally, the
curve exhibits a vertical and constant behaviour from 210 V
to 0 V when T = 0.5 x 10" (-3) s. Furthermore, the curve
exhibits a continuous and horizontal behaviour close to 0 V
when T > 0.5 x 10" (- 3) s, as shown in Fig. 9(c).

<108

(@)
15 il 1 1 I i 1 1 1 |
0 0.002 0.004 0.006 0.008 001 0.012 0.014 0.016 0.018 0.02

Time (s)

-3F I I ‘ [ I I I I I 1(b)
0 0002 0004 0006 0.008 001 0012 0014 0.016 0.018 002
Time (s)
500 A
400
7
en
£ 300
°
> 200
100 -
or ©
1 1 L 1 | 1 1 L L
0 0002 0.004 0.006 0008 001 0012 0.014 0016 0018 002

Offset=0 Time (s)

Figure 10- Crosstalk Curves for z=147.182 ohms and
¢=90°: (a) Source Voltage; (b) Near-End Crosstalk; (c)
Far-End Crosstalk.

d. Crosstalk Phenomenon with Zc=147.1874 ohms and

»=90°.

The impedance is maintained at Zc = 147.1874 ohms, and the
phase shift increases from ¢ = 60 ° to ¢ = 90 °. Then, Fig.
(10) is obtained. The source voltage maintains its sinusoidal
form, characterised by an amplitude of approximately 1.25 x
10 75V, as depicted in Fig. 10(a). However, the introduction
of the near-end crosstalk induces a decrease of amplitude
from 1.25x10° v to 2.70x10* v as illustrated in Figs—10 (a)
and (b). Moreover, a slight fluctuation is also observed at the
beginning of propagation, as seen in Fig. 10(b). Besides, the
near-end crosstalk curve undergoes a constant and horizontal
behavior (linear form) with an amplitude of 1.00x10* v when
0<T<0.5%10" s as depicted in Fig. 10(b). Thereafter, the
curve exhibits a vertical and constant behaviour, leading to a

decrease in voltage from 1.00 x 104 V to 0.50 x 1004 V
when T = 0.5 x 10"-3 s, as depicted in Fig. 10(b).
Furthermore, the sinusoidal form is maintained when T > 0.5
x 10" (- 3) s, as seen in Fig. 10(b).

x10°
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T T T T T T

-5t L 1 1 L 1 ! I 1 L ®

0 0002 0004 0006 0008 001 0.012 0.014 0016 0.018 002
Time (s)

x10*

T T T T T T T

3 o —

L N "
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0 0002 0004 0.006 0008 001 0012 0014 0.016 0018 0.02
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&
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Figure 11 - Crosstalk Curves for z=444.196 ohms and ¢=15°:
(a) Source Voltage; (b) Near-End Crosstalk; (¢) Far-End
Crosstalk.

The introduction of the far-end crosstalk modifies
the nature of the broken point as seen in Fig. 10(c).
Additionally, the voltage curve exhibits an ascending and
linear behaviour from 500 V to 520 V when 0 < T < 0.5 %
107(-3) s. This behaviour changes from ascendant and linear
to vertical and constant at T = 0.5 x 10" (-3) s, as illustrated
in Fig. 10(c). Moreover, the vertical and continuous
behaviour of the voltage decreases from 520 V to 0 V, as
depicted in Fig. 10(c). Furthermore, the voltage behaviour
changes again from vertical and constant to horizontal and
constant when T > 0.5 x 10"(-3) s, as shown in Fig. 10(c). It
appears that the crosstalk phenomenon modifies the system
in the same way for two different
values of phase shift (¢p = 15 °
and @ = 90 °), as depicted in
Figs. (7) and (10).
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Figure 12 - Crosstalk Curves for z=444.196 ohms and ¢=30°:
(a) Source Voltage; (b) Near-End Crosstalk; (c) Far-End

Crosstalk.
D. Impact of the Impedance on the Crosstalk
Phenomenon
a. Crosstalk Phenomenon with Zc=444.196 ohms and
p=15°.

The phase shift is maintained at ¢ = 15 °, and the impedance
is modified from Zc = 147.1874 ohms to Zc = 444.196 ohms.
We obtain Fig. (11). Compared to Fig. (7), the source voltage
begins the propagation at 0.5x10° v as seen in Fig. 11(a). The
introduction of the near-end crosstalk induces a small
fluctuation at the beginning of the propagation. Besides, the
time of apparition of this fluctuation has decreased from
0.5x1073 s to 0.1x1073 s as depicted in Figs. 7(b) and 11(b).
Furthermore, the curve exhibits a linear and constant
behaviour at 0.3 x 10”4 V when 0 < T < 0.1 x 10"(-3) s, as
shown in Fig. 11(b). The curve undergoes a small vertical and
constant behavior from 0.3x10* v to 1.00x10* v when
T=0.1x10 s as illustrated in Fig. 11(b).
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Figure 13 - Crosstalk Curves for z=444.196 ohms and ¢=60° :
(a) Source Voltage; (b) Near-End Crosstalk; (¢) Far-End
Crosstalk.

The curve maintains its sinusoidal form when T>0.1x107 s
as seen in Fig. 11(b). The introduction of the far-end crosstalk

induces the massive broken structure depicted in Fig. 11(c).
Additionally, the voltage curve exhibits a slight ascending
and linear behaviour from -1800 V to -1750 V when 0 < T <
0.1 x 107(-3) s. This behaviour changes from ascendant and
linear to vertical and constant when T = 0.1 x 10" (-3) s, as
illustrated in Fig. 11(c). Moreover, the vertical and constant
behaviour of the voltage increases from -1750 V to 0 V, as
depicted in Fig. 11(c). Furthermore, the voltage behaviour
changes again from vertical and constant to horizontal and
constant when T > 0.1 x 10"(-3) s, as shown in Fig. 11(c). It
appears that the far-end crosstalk is close to 0 V for a long
period, as seen in Fig. 11(c), compared to what is seen in Figs.
7(c), 9(c) and 10(c). The period of action of the crosstalk
phenomenon has significantly decreased.
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Figure 14 - Crosstalk Curves for z=444.196 ohms and ¢=90°:
(a) Source Voltage; (b) Near-End Crosstalk; (¢) Far-End
Crosstalk.

b. Crosstalk Phenomenon with Zc=444.196 ohms and

»=30°.

The impedance is maintained at Zc = 444.196 ohms, and
the phase shift increases from ¢ = 15 ° to @ =30 °. Then, we
obtain Fig. (12). The source voltage is safeguarded as
depicted in Figs. 11(a) and 12(a). The introduction of near-
end crosstalk generates a significant fluctuation at the
beginning of propagation. Besides, the time of apparition of
this fluctuation is maintained to T=0.1x10" s as depicted in
Fig. 12(b). Furthermore, the curve exhibits a microscopic
linear and constant behaviour at 0.3 x 104 V when 0 < T <
0.1 x 107(-3) s, as shown in Fig. 12(b). Thereafter, the voltage
curve exhibits a long, vertical, and constant behaviour from
0.3 x 10" V to 1.80 x 104 V when T = 0.1 x 10"-3 s, as
illustrated in Fig. 12(b). This fluctuation differs from that
illustrated in Fig. 11(b). Moreover, the curve maintains its
sinusoidal form when T > 0.1 x 10" (- 3) s, as shown in Fig.
12(b).

The introduction of far-end crosstalk generates a large,
broken structure, depicted in Fig. 12(c), similar to that
illustrated in Fig. 11(c). After that, the voltage curve exhibits
a minimal ascent and linear behaviour from -1750 V to -1700
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V when 0 <T < 0.1 x 10°(-3) s. This behaviour changes from
ascendant and linear to vertical and constant when T = 0.1 x
10~ (-3) s, as illustrated in Fig. 12(c). Additionally, the
vertical and continuous behaviour of the voltage curve
increases from -1700 V to 0 V, as shown in Fig. 12(c).
Furthermore, the voltage behaviour is modified again from
vertical and constant to horizontal and constant when T > 0.1
x 107(-3) s, as seen in Fig. 12(c). It appears that the far-end
crosstalk is close to 0 V for an extended period, as seen in
Fig. 12(c). This behavior is similar to that illustrated in Fig.
11(c).

c. Crosstalk phenomenon with Zc=444.196 ohms and
p=060°.

The impedance is fixed at Zc = 444.196 ohms, and the
phase shift increases from ¢ = 30 ° to ¢ = 60 °. Then, we
obtain Fig. (13). The sinusoidal form of the source voltage is
safeguarded as depicted in Fig. 13(a). The introduction of
near-end crosstalk generates a significant fluctuation at the
beginning of propagation. Besides, the time of apparition of
this fluctuation is maintained to T=0.1x10" s as depicted in
Fig. 13(b). Moreover, the curve exhibits a very small linear
and constant behaviour at 0.1 x 104 V when 0 <T < 0.1 x
107-3 s, as seen in Fig. 13(b). After, the voltage curve exhibits
a long vertical
and constant behavior from 0.1x104V to 2.80x10* when
T=0.1x10-3s as illustrated in Fig. 13(b). This fluctuation is
longer compared to that seen in Fig. 12(b). Moreover, the
curve maintains its sinusoidal form when T > 0.1 x 10" (- 3)
s, as shown in Fig. 12(b).

The introduction of far-end crosstalk generates a large
broken structure, depicted in Fig. 13(c), similar to that
illustrated in Fig. 12(c). Besides, the near-end crosstalk curve
exhibits a microscopic ascending and linear behaviour from -
1050V to -990V when 0<T<0.1x10- s. This behaviour is
modified from ascendant and linear to vertical and constant
when T=0.1 x 10" (-3) s, as shown in Fig. 13(c). Moreover,
the vertical and continuous behaviour of the voltage curve
increases from -990 V to 0 V, as shown in Fig. 13(c).
Furthermore, the voltage behaviour is modified again from
vertical and constant to horizontal and constant when T > 0.1
x 10"(-3) s, as seen in Fig. 13(c). It appears that the far-end
crosstalk is close to 0 V for an extended period, as seen in
Fig. 13(c). This behavior is similar to that illustrated in Fig.
12(c).

d. Crosstalk Phenomenon with Zc=444.196 ohms and
»=90°.

The impedance is fixed at Zc = 444.196 ohms, and the
phase shift increases from ¢ = 60 ° to ¢ = 90 °. Hence, we
obtain Fig. (14). The sinusoidal form of the source voltage is
safeguarded as depicted in Fig. 14(a). The introduction of
near-end crosstalk generates a significant fluctuation at the
beginning of propagation. Besides, the time of apparition of
this fluctuation is maintained to T=0.1x10 s as depicted in
Fig. 14(b).

Moreover, the curve exhibits a very small linear and constant
behaviour at 0 V when 0 <T < 0.1 x 10"(-3) s, as seen in Fig.
14(b). In addition, the voltage curve
exhibits a long, vertical, and
constant behaviour, varying
from 0 V to 3.00 x 104 V when
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T =0.1 x 10"-3 s, as presented in Fig. 14(b). This fluctuation
is longer compared to that seen in Fig. 13(b).

Furthermore, the curve maintains its sinusoidal form when T
> (0.1 x 10~ (- 3) s, as shown in Fig. 14(Db).

The introduction of far-end crosstalk generates a large
broken structure, depicted in Fig. 14(c), similar to that
illustrated in Fig. 13(c). Moreover, the near-end crosstalk
curve exhibits a gradual ascending behaviour, varying from -
140 Vto 0 Vwhen 0 <T <0.1 x 10" (- 3) s, as seen in Fig.
14(c). This behaviour is modified from a gradual ascent to a
horizontal and constant behaviour when T > 0.1 x 10°(-3) s,
as shown in Fig. 14(c). Furthermore, the horizontal and
constant behaviours of the voltage curve are close to 0 V for
an extended period, as shown in Fig. 14(c). Besides, this
behaviour differs from that illustrated in Fig. 14(c). It appears
that the far-end crosstalk significantly decreases as the phase
shift increases.

E. Discussion

a. Crosstalk Values’ Presentation

Some crosstalk voltage values coming from all the
aforementioned figures are listed in Table 3.

Table 3- Results Obtained with Two Types of Lines

Zc= 147.1874 ohms
Near-End Far-End Phase shift (°) Reduction
crosstalk crosstalk rate
10KV 0.50 KV 15
9.5 KV 0.50 KV 30
27KV 032KV 60
10KV 0.50 KV 90
Z.c=444.1967 ohms
Near-End - Far-End - Phase shift (°) Reduction
crosstalk crosstalk rate
10KV -1.80 KV 15
18 KV -1.75 KV 30 100%
28 KV -1.05 KV 60
30KV -0.14 KV 90

All the negative values of far-end crosstalk are directly
related to OV. Consequently, the reduction rate of crosstalk
is considered to be 100% as seen in Table 3.

b. Analysis and Comparison of Results
Previous results in the literature
Methods Near- Far-end Limits Observation
end crosstalk s
crossta
1k
: ﬁg?ftzdn Increases the
ermination - gcomy | 150mV signal-to- Zcl=1472
y crosstalk ratio Q
[21]
Pseudo- 80mV 40mV Does not
adapted 1000m 200mV climinate Zcl=1472
endings[21] \Y m Q
Qur results for the contribution
Zcl=1472
7.8588 oV Q
kV Zero
Pseudo-
adanted crosstalk
P 7c2=444.19
endings 60
9.38kV ov
ZEro
crosstalk

IV. CONCLUSION

We model the line through telegraphers’ equations. Then, we
use the Pseudomatched impedances method to reduce the
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crosstalk phenomenon in the line (victim driver). Some
interesting results related to the values and physical impact of
the crosstalk phenomenon during propagation are presented
for two cases. Case 1 : Zc=147.1874 ohms and ¢ (15°; 30°;
60° ; 90°). (i) The source voltage exhibits a sinusoidal form.
(i) The near-end crosstalk generates a small broken point
(small fluctuation) at the beginning of the propagation. As the
phase shift increases, we note the following points. This small
fluctuation is changed to a huge fluctuation. The source
voltage form is modified from sinusoidal to linear.
Thereafter, this sinusoidal form is also transformed from
linear to sinusoidal, associated with a big broken point.
Similar behaviour is obtained for different values of the phase
shift (¢ = 15° and ¢ =90°). (iii) The far-end crosstalk induces
a huge broken point (huge broken fluctuation). Then, the
sinusoidal form of the source voltage is transformed into a
huge broken fluctuation. The general aspect of this significant
fluctuation remains intact as the phase shift increases. (iv)
The crosstalk phenomenon decreases the voltage values
during propagation. The far-end crosstalk presents the lower
voltage values compared to the near-end crosstalk. (v) The
cancellation time of the crosstalk phenomenon is T=0.6 ms.
Case 2 : Z¢c=444.196 ohms and ¢ (15° ; 30° ; 60° ; 90°). (i)
The near-end crosstalk generates a small broken point (small
fluctuation) which increases as the phase shift increases. The
voltage curve exhibits fluctuations associated with a
sinusoidal form. (ii) The far-end crosstalk induces an opposite
huge broken fluctuation compared to that obtained in the first
case. (iii) The cancellation time of the crosstalk phenomenon
is decreased from T=0.6 ms to T=0.1 ms.
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Fig. 6. Internal Parameters of the Power Network
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