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ABSTRACT

In the context of the incessant development ofasngble energy and ICT (Information and
Communications technology) in power systems, powgstem becomes more and more
intelligent, efficient and economic. However, usilgctrical infrastructure carrying information
communication causes complexities in modeling dmdilating. To overcome the problem of
modeling, a new approach based on scale invaritrem®y, scale invarianceis presented in
many papers and in various fields. Scale invariame¢ghod shows a strong link between a
network topology and its performances through dfisient exponent. In this paper we propose
to use this method for modeling power line commatan by considering only the input
impedance of system. This approach will be testechét only a general case study but also for
an opened circuit without attenuation and bruite Tiesult is compared with the classical
method.

Keywords: frequency modelling, power line communication; fedc scale inariance; power
networks, power law.

1. INTRODUCTION

Since the 90s, the notion of complex system is é&atrand replaced for classical simple
system. The complex network notion covers variausains from science to society such as the
Internet [1], the social networks [2], or the bigilkal network [3] and so on. Electrical network is
no longer an exceptional case, with an integratiorenewable energy and advanced technology,
electrical network becomes more and more compieg|ligent, high efficient and known as a
Smart Grid.
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For getting a simple mathematic description of ¢hesmplex systems, there are two
principle approaches based on their topologies.iEt@ork topology includes nodes and edges,
in which nodes present for routers; each peoplepdes ...while edges present for relationships
between these nodes. The first approach is théngheory [4], and another approach is based on
scale invariance theory [5, 6].

For graph theory, Paul Erdés and Alfréd Rényi [ntioned firstly about the probabilistic
methods of random networks, then this theory iseltged by the concept of networkmiall
world" [8], or "scale-freé [9]. The graph theory is used in very diversddsesuch as biology
[10], social sciences [11], computer networks [d2interconnection banks [13] and especially in
electrical power grid [14].

For the second approach based on scale invariimeeotion came from mathematic Fractal
and has been introduced to analyze critical phenanhg characteristic scale [5]. It means that
using these unchanged characteristics on any sdesesibes the network phenomena. A typical
scale invariance of a system is invariance traiosiatin space, called self-similarity structure or
fractals structures [15] such as snowflakes, ligiggnh neurons, vascular networks, etc.
Nowadays, fractality is a concept used in diveistd$ from biology [16] (blood networks,
neural or lung structure) to astrophysics domaadaxjes, lunar craters) or in aerosol physics,
polymers and also first appearance in electricalvoik modeling. In the domain of electrical
network, there are many publications of scale ilavene method. For the modeling of frequency
responses of fractal systems, [17] proposed a melaged on RC circuits approximated in
cascade and modeling by a simple asymptotic appaiion. Also, for the modeling the dynamic
of power system, [18] it found out that the digitibn of oscillation mode has a power law form
which its exponent is related to the spectral disifards
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Figure 1.Example of scale invariance structures

Power-line communication (PLC) is a useful wayramsmit data and exchange information
based on power-line channel. Due to the multi-gattpagation inherently in the power line
channel, PLC becomes one of a complex system dotriity and also for communication. The
three critical channel parameters in PLC, namadyse) impedance and attenuation, are found to
be highly unpredictable and variable with timegfrency and location.

To deal with PLC modeling problem, whether using ttovel theory of scale invariance or
not?. This paper will give the answer and also giveew way for a simple modeling research in
Smart Grid. The first part of this paper will reterintroduce about the scale invariant method,
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the second part is about the modeling method of; R« next part is a result of modeling input
impedance of PLC as well as the discussion andusina.

2. SCALE INVARIANT METHOD

Scale invariance method is based on the construatid characteristic of a network. At low
iterations, the observation scale is coarse withelabserved lines about an object. When the
iteration increases, the observation is refined ginds more and more details. The transition
from one iteration to the next iteration is by ausive processes characteristic of self-similarity
and in theory, this process repeated indefinit€he main purpose of this method is to obtain a
simpler network modeling by a power law formed. Bleale invariant method is definite by: (1)
what does scale invariance mean?, (2) the invaia@aracteristics and (3) the mathematic
description.

1. The scale invariance means an existed charaatep$tino change with the scale of
observation. For example, in the Korch curve, Caséb or Sierpinsky triangle in the Fig. 1. At
each interation, the total number of segment changes with a factond also characteristic of
length changes with a parameter invariabcdt means that exixtance a construction law of
length known from its topology is,1=I/b. For an electrical complex network, this charadstier
can be length, frequence, or ect...

2. Scale invariant objects are described by power-l&®d;.,/I,=b" between the observation
scale and characteristic featute®r the number total of segments and the observatiatea”.
This statement is satisfied if and even if a cartdion law determinate.

3. Simple mathematic description of a x scale invaraject is:

f(x)=x"
= f(kx)"=K" f(x) 1)

where x can be the length of segment or can be the tatatber of segments, or any
characteristic. The value oh shows a strong link between a network topology and
itsperformances. Actually) is known as the fractal dimensioD)( the spectral dimensionlg),
random walk dimensiond{y). These values can be divided into dynamic anticstxale
invariance properties in whidb is related to topology characteristic [23] and tést valueds
anddw are related to the movement [24].

In the next paragraphs, we will introduce reseadheapplication of the scale invariant
method into modeling the power line communication.

3. POWER LINE COMMUNICATION MODELLING

In 1995, it was demonstrated that Low Voltage (Ipdwer lines could be used to carry high
frequency (from | MHz to hundreds MHZz) [19]. Thiashbrought a broadband notion in PLC. In
the vision of PLC, it is possible to build an inds® or out-house communication network that
can be accessed internet in a very cost-effectag with existence of installed infrastructure.
By using the power line network, the PLC system hasfurther caused expenditure by
comparing with any other communication networksttie world. However, unlike the other
wired communication mediums such as the twisted-paicoaxial cables, PLC system presents
an extremely harsh environment for high frequenosmmunication signals [20] and also for
modeling phenomena in this system. Several appesdcn modeling the transfer characteristics
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of the transmission lines can be found in literaturhere are two main methods “bottom up”

and “top down” to build a transmission lines modéie models represent approaches “bottom
up” which describes the behavior of a network ustigtributed components matrices or

impedance matrix and two-port network admittancplh 27]. On the other hand, the approach
of "top down" refers a transfer function of a conmaation channel which is considered as a
black box [26, 28]. Both the methods are basedassical theory of signal propagation.

3.1. Classical method

Figure 2 gives an example of a power line commuitisasupplied by a sourcE_S with internal

impedanceZ_O for a chargeZ_L. The direction of a direct wave is chosen in tke & and the
inverse wave follow the axis X'

K?:

Figure 2.The schema of a power line communication.

| < ' p 0!

The input impedance at any point P in the line is:

) 2)
Z(X) ==
| x
where
Vi=Vi(x)e”™ +V . (x)e” (3)
7= Vi(x)e ™ =V, (x)e”
" Zc
So, the input impedance is:
Y (4)
Z(x):,——Z Z.coshs+Zcsinhs
I x Z.sinhs+Zc coshs
7. Z. +Zctanhs
Zc +ZLtanh5
when x = 0, s =, the input impedance at the b@gmof line is:
)
7(0)= Z(@) = Zc Z, +Zc tanhyt
Zc+Z, tanhpt
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In this function, we can see that the input impeddmelongs to the characteristic impedance,
the length and the speed of wave propagation. tithan way, all parameters depend on the
power line characteristics and the frequency afiaigransmitted. For this result, we concern to
firstly analysis with the input impedance.

Normally, for modeling PLC system by using classitethod, we based on the two-port
network with special characteristics inside. THéalilties of this method is to overcome with the
complexity of Smart Grid in which the increasingedéctrical part, communication part and the
influence between these two parts. This causes nmmaplems in modeling the physical
interaction of a transmitted information signakiectrical field. Therefore, we introduced a new
method that may be treated the complexities in Bb@adays. A novel approach based on the
scale invariant could permit to modeling the injpypedance as following.

3.2. Scale Invariance Method

Firstly, with scale invariance method, a power lamnmunication can be reconstructed. A
power line communication of length D is shown ia #ig. 3, this line can be composedellules
in which each cellule is corresponding to an iteeaprocess in scale invariance method. Each
cellule composes three components R, L, C whosgesadlistributed in cascade with thg
factors in Fig. 3. The valuedepends on the considered frequency band.

D

n cellules

| I+Al, I+Al,

1 I+Al I+Al
Figure 3 A power line communication of scale invariant refij.

So the lengtiD calculated fromm cellules is:

D=nl +i(ai -1l = I{nfzn:(ai —1)}

The frequency response of input impedancet@resmission ling () = Ve canbe

(6)

e

distinguished into three zones corresponding todtaportment.

* At low frequency (f < {f: inferior border frequency) the input impedanceveh a
capacitive comportment and its model is shown énftitlowing (Fig. 4):
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V, -—C b’ —p’C’

Figure 4. The schema of a power line communication in timgeaof low frequency.
The value of f; can be calculated:
- 1 7)
" 2mD(ab)"JL'C'
« At high frequency (f >, superior border frequency), the capacitancesesidtance are
negligible, so the input impedance becomes (Fig. 5)

L’

Figure 5 The schema of a power line communication in #mge of high frequency.
The value of §yis the frequency of premiere cellule:
n-1
n+> (a -1)
f - i=1
o 2mLc

» Atintermediate frequency, value of input impedaiscealculated by iterative function

(8)

Z(w) =R+ plL'+ ! 1 ®)
joC '+ 1
aR'+ wa bL'+- +...
jabC'
The resolution of this recursive equation can b@iteen as in [21, 22]:
Z(w)O (jo)” (10)
with
n= 1 (11)
1+ M
loga

From three approximately comportments, the inpoipadance of a power line
communication type AC-95 can be modeled in the Eig.
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Figure 6.Simulation of a power line communication with geale invariance method.

These values of R, L', C’ in expressions (7), (&) can be deduced from the basic values
of line b= 0.33Q/km. %= 0.429Q/km and = 2.65 x 1¢ S/km at the frequency f = 50 Hz and
the length of line D = 100 km. We can see in thg Bi that while the comportment in the 2
extremes show asymptotic responses, the expre€ddjrnindicates that the impedance input of
immediate zone is described by a power law witheitponent related to auto similarity
characteristic of line. In different study casdss tfactor of power is related to the dimension
fractal [22] or spectral dimension [25].

In this intermediate zone, the comportment showsymasonances because of the interactions
between these inductance and capacitance elemerdach segment. This comportment is
corresponding to resonances from the expression (9)

4. RESULT OF SIMULATION
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Figure 7. Comparison of simulation of a power line commatimn with two method.
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Using range of transmitted communication is frb@Hz to 10° Hz. The response frequency
of input impedance of 100 m longer line in bottsslaal and scale invariance methods are shown
in Fig. 7. For this result, the number of auto-&mtellules is chosen = 10. We can see that
two input impedance simulations are nearly idemticcapacitive and intermediate zones.
However it exists an inductive zone incorrect.

The intermediate zone can be expanded when the erupfbcellules increases. Fig.8
presents the results of simulating witl: 50 auto-similar cellules, both of curves are reailig i
and the frequency superiqrdfis from approximately 6 x £@o 3 x 10. With the scale invariance
method, a topology network’s size can be changeerting to how detail that we describe it, it
means that instead of increasing the size of nétwee can divide this network into multiple
auto-similar cellules. The main important of thesult is that the relationship between topology
network and its response frequency is shown.
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——— Classical method n=50 ——— Classical method
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= o
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Figure 8 Comparison of simulation of a power line commatiimn with two methods with 50
cellules.

5. DISCUSSION

By comparing the classical method and the scaleriance method, a case study considered
is an opened circuit and choosirgb=1. The input impedance (5) becomes:

Zc _= (12)
fanhyt = Zc coth(}f)

Considering in three zones of frequency, the resafltanalytic calculation of this classical
method in expression (12) are shown in Table I.il&iity, for scale invariance method,
approximately expressions in three zones of frequenthis case are also shown in the Table I.

Z(w) =
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We can see that the input impedance are the safregjifency is inferiorf, in which the
range of frequency we considered. For high frequesach method gives a distinct answer. This
can be concluded of the limited of network’s togglobecause of the intermediate zone could be
enlarged with the value off change corresponding to the size of network.

Table I.Comparison of 2 methods in case a=b =1.

Z(w) = % Classical method Scale invariance methpd
High frequency zone | Z(@)=Zc coth(ji) = e Z@)=—t 02
’ jnaC'  jaC'
Intermediate zone 7 w/flH v (@) (*’-m)%
J— L'
Low frequency zone 2@) = ' 2(w) Oja'

In intermediate zone, the exponential of twethnds are presented the same value. The factor
of exponent gives an important result of the retahip between topology network and its
response frequency.

6. CONCLUSION

It has been shown that the power line communicatimo exhibits the scale invariant
features in the range of frequency front i@ to 16 Hz. This is the first result to demonstrate the
scale invariant method can be applied to powerdomamunication domain. While these classical
methods are not further adapted for complex netwkeksmart grid, the scale invariant method
could open a novel approach for solving the coniglei topology and also it shows a
relationship between topology and its comportmemiadhic. The mathematic description of this
approach is a power law function, it permits togifyp the case study but the result obtained gets
an acceptable accuracy.

Further analysis could be carried on testing further a completed power line
communication by considering attenuations and &rulloreover, scale-invariance method also
could be tested for other real power line commuitoanetworks to confirm these preliminary
results.
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TOM TAT
CACH TIEP CAN MOI VE TiNH BAT BIEN POI VOI MOT HE THONG PHJC TAP VA
UNG DUNG TRONG MO HINH HOA TRUYEN TIN TRONG HE THONG PIEN
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Sy phat trén khdng ngng aia nguﬁn ning lrong kn vitng trong &rGi dién, ding nhr viéc
tich hyp cac cdng nghtin hoc va trugn thong vao & thong dién l1am cho k6i dién ngay cang
tré nén théng minh, an hanh hju qua va kinh € hon. Tuy nhién, \éc sr dung chinh kb ting
cua b8 thbngdién dé tai théng tin trugn thong dn dén viéc mé hinh héa va mé phg ludi dién
tré nén plc tap hon nhiéu. Bé giai quyét van @& mé hinh héaa mdt hé théng phic tap, bai
bao gbi thidu mot cach tép cin mvi. Dua trén |i thugt bat bién hay tinh cht ti I¢ bat bién cia
hé thong. Plrong phap nghiéntaw nayda duoc giéi thidu trén nhéu céng trinh nghiénuu
trong cacinh wrc khac nhau. Rlong phéapitlé bat bién thé hién mbi quan & mat thiét gitra mot
cau trdc i thdng vadap ung trong tng aia né théng quaghsd mi. Trong bai bao nay, nhém
tac gh s dung Ii thuyét tréndé md hinh hoa cho triép tin trénduong day 4i dién khi xét qua
gia ti tong tr dau vao @a ke thong. Ap ding phrong phap ndi nay khéng chxét cho teong
hop tong quat ma con xét riéng chardng hyp hy mach khi b qua nhéu va it dan biéndo. Két
qua nghién &u duoc kiém ching Wi phuong phép trugn thong troc day.

Tir khéa: m6 hinhan , truyén tin trénduong day 4i di¢n, phrong phap fractal, tinh éhti I¢
bat bién, lugi dién, quy Iuit ham.
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