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1. Introduction

Home environment contains a number of
complex electronic products and electrical
systems. The major problem of home system
is that they don’t communicate with each
other and don’t share a common interface and
information. To be successful in the home
network, it must meet the several
requirements: the network plug and play, the
self-configuration, assignment for home
appliance, the low cost cable and the energy
management. The low cost wiring and energy
management is hot issue in home network.
The realization of easy-to-use, low-cost
network system are important factors for the

implementing home network.

By these PLC(power line
communication) have been
recently(1-3).

PLC has the advantage of being an

reasons,

developed

independent communications network where
existing cable infrastructure can be used for
dual purposes. The geographic coverage of the
low-voltage system is usually very wide where
human habitation exists, and the access to
the network can be simple. On the other
hand, power lines represent a particularly
difficult communications environment. Noise
levels may be  excessive. The cable
attenuation at frequency of interest to
communication is usually very large. So
repeater may be needed to compensate for
cable losses, and to bridge over distribution
transformers. Standing waves on line cables
may lead to mulls in the frequency response.
Electro-magnetic compatibility problems arise
when interfacing electronic circuits with
electrical power lines.

The previous study in power line pointed
to high-voltage or middle-voltage power
supply
high-voltage is determined by long distance

network. The characteristic in

between power supply station to power
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distribution station(4-6J.

But in home environment, noise,
impedance, attenuation, and phase is
determined by the response of home
appliances. The attenuation model in low
voltage is presented in high speed data
transmission(7].

But noise model is almost skipped. And a
channel model for the residential power
circuit as a digital communication medium
only 1is presented by the list to the
measurement results of noise, impedance,
attenuation, phase in the average value. The
research also bring the focus to power line
noise. Noise characteristics is investigated in
respect to home appliances. In general, noise
is considered as four components: background
noise, impulse noise, synchronous noise,
continuous noise(8-9).

But almost research investigated the point
of the overall channel, not the noise source,
home appliances.

The main purpose of this paper is focused
on modeling and analysis of power line
channel in home environment. New noise and
attenuation model is proposed. For this
model, the characteristics of power line
channel is investigated. New model is

simulated and discussed in frequency domain.

II. Power Line Channel Model

2.1 Noise Model

This paper follows the distinction of the four
noise component, usually present in the power
distribution network. First, the background noise is
presented. Second, the random impulse noise is
presented. Third, noise with synchronous frequency
to 60[Hz] and its functions. Last, continuous noise is
presented. Background noise has a smooth spectrum.
The most important source of noise with a smooth
spectrum is universal motors, i.e. small motors with
serial windings.

Random impulse noise can be caused by lights
and load switching in the network(capacitor bank,

thermostat, refrigerator, air conditioner) with every
impulse affecting a large frequency band. The pulse
amplitude, width and the width gives the pulse
energy.

Frequencies synchronous to the power line base
frequency are generated mostly by light dimmers.
Silicon controlled rectifiers triggered by power
voltage cause a very short break in current flow.
The length of the break determines the intensity of
light.

As switching is synchronous to the power
frequency a series of harmonics with various
amplitude is generated. The setting of the dimmer
and the characteristics of the lamp (bulb) dictate
which harmonics carry most power. Usually,
harmonics are small compared to the fundamental
frequency, but due to communication signal can be
far below their level. All switching devices operating
on a similar principle ten to produce noise spikes
synchronous to 60[Hz).

Figure 1 shows attenuation and noise
measurement results gained at an earth cable
connection with a length of 300[m]. It can be seen
that attenuation generally increases with frequency.
Such low-pass characteristic has been observed for
all earth cable connections, and therefore should be
regarded as one of the major properties of
distribution grids at least in the frequency range
above 500(kHz].

Furthermore some periodic fluctuations can be
discerned in Figure 1.
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Figure 3. The model of impulse noise

2.2 Attenuation Model

The impulse response hE( ) may be written as:
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where the coefficients 7; denote the echo delays

and the factors #; stand for the echo attenuation

respectively. From (1) the transfer function

N,
HE(ﬂz ;k,e ! )

can be calculated. Under real world conditions,

however, the coefficients ki are not only length, but
also frequency dependent. After a series of different
approaches, the following expression was found as a
suitable description:

Kf1)=ae ™" (3

where /i is the cable length and @; denotes a
specific factor regarding network topology details,
such as number, length and termination of branches
corresponding to the &'k echo path. The coefficient
o) will need further explanation, given below.
With (2) and (3),
transfer function

we finally have the complete
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Again, after a series of trials, it was found that in
a first step the frequency dependent attenuation

coefficient a{f) can be written as

ol =ar () + g =F5+ -

= Ul‘/}"‘ Uz‘/? 5)

Here a’R(f) describes the impact of the skin effect

and in @ G(f) the dielectric losses within the

insulation material are concentrated. The quantities
R |G, Z in equation (5) can be immediately
calculated from geometrical cable analysis. A closer
look reveals that (/) contains a portion growing
directly proportional with the frequency f and
another growing according to the square root of f.

Furthermore, it could be verified, that the

coefficients V3, U2 are generally constant for a cable
status and home environment. These significantly
simplify set-up and handling of the proposed echo
model in practical applications.

2.3 Simulation
In this paper, the proposed model of power line

channel in Figure 2 is simulated. Figure 3 shows
the measurement of power line channel in

a{t}
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Figure 2. Proposed model of power line channel

frequency domain from 100kHz to 300kHz. And
Figure 4 shows the simulation of power line channel
in the same frequency domain. It is expressed as
the sum of attenuated signal, background noise,
impulse noise, synchronous noise, continuous noise.

Overall
measured result and the simulated resuit. As the
result of 100 iteration, the average value of
attenuation is -23.5dB between 100kHz and 300kHz

and its standard derivation is 4.27.

response is very similar between the

-4
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Figure 3. The signal response in power line channel
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Figure 4. The simulation resuit

III. Conclusion

In this paper, a new model of the power line
channel is proposed. The proposed model can be the
base work to adapt power line communication to the
home appliances and use power line communication
in home environment.

The proposed model can be classified as
attenuation model and noise model.

The proposed attenuation model is echo-based
model, It can be expressed as the sum of
component that home appliance  generates. This
model is in proportional to frequency. In the
simulation result, frequency response by attenuation

is -20dB in home network.
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