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Abstract — The empirical channel model of power line is obtained through impulse response measurements
using the pseudo-noise (PN) correlation method. The BER performance for QPSK is also reported as a result of
computer simulation with the proposed channel model. Simulation results show that effective mitigation
methods are required to support high speed data communication over power line with the acceptable BER.
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1. Introduction

For last few years, the number of households and small business offices having multiple PCs and subscribing
to high speed data communication service via LMDS, ADSL, Cable modem, etc. increases explosively. It is
expected that many of those homes and offices come to connect their multiple PCs through in-home distribution
network in order to share not only files and peripherals but also access to Internet service provider.

Some proposed technologies for in-home distribution network are HomePNA based on existing phone line,
Power Line Communication (PLC) through power distribution line, and wireless solutions such as wireless LAN,
HomeRF and Bluetooth. The PLC technology is believed as an attractive solution for in-home distribution
network since it does not require installation of a new wire and provides ubiquitous access to network through
many existing power outlets at home although there are some barriers such as impulse noise, dynamic change of
input impedance, etc. obstructing reliable data communication service [1,2,3].

In this paper, the wideband channel properties of power line in the frequency bands from 10MHz to 30MHz
are characterized through impulse response measurements using the PN correlation method. From the measured
data, the empirical multipath channel model of power line is proposed. The BER performance is obtained using
computer simulation with the proposed channel model. Simulation results show that the effective mitigation
methods for the channel impairment are necessary to support high speed data communications over power line
channel with acceptable BER.

2. Measurement systems

Impulse responses of power line channel are obtained using the PN correlation method [4]. The measurement
system for obtaining the impulse response is shown in Fig, 1.

In Fig. 1(a), PN sequences are generated with the chip rate of 20 Mhz and 21 Mhz carrier is modulated with
the generated PN sequences. The modulated signals are amplified and injected into the power line through the
coupler. The received signals through power line channel are amplified and sampled at the rate of 100 MS/s by
the digital oscilloscope. The amplitude a and phase p can be expressed by the following equations,

a(n)=Jh(n) +h, ()} p(n)=tan-'[%] )

where k; and k, represent in-phase and quadrature-phase components of the correlation output, respectively in
Fig. 1(b). The resolution of the measurement system is 0.05 us that is the same as the chip duration of PN
sequence and impulse responses are measured every 1.73 sec.
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Fig. 1 Block diagrams of power line channel impulse response measurement system.

3. Impulse response measurements

Measurements were carried out in the laboratory environment as shown in Fig. 2. The transmitter was fixed at
outlet F, and the receiver was located at each outlet (outlet A, B, C, D, E). Two hundred impulse responses were
measured at each outlet at midnight (AM 1:00), in the afternoon (PM 3:00) and in the evening (PM 8:00). In case
of measurements in the afternoon, typical electric appliances such as PCs, television, refrigerator, mechanical fan
and humidifier were connected throughout and switched on. In the evening, only PCs and television were
switched on. All appliances were disconnected for measurements at midnight. The distance between each outlet
was 2 m.

Fig. 3 and 4 show impulse responses measured at outlet A and outlet D. When the receiver is located at outlet
D, there is no junction between the transmitter and the receiver. On the other hand, the transmitted signal at
outlet F must pass through the junction to reach at outlet A. The normalized amplitude in Fig. 3 ranges from 0 to
0.1 while those in Fig. 4 does from 0 to 1. Therefore, it is observed that the radio signal in the frequency bands
between 10Mhz and 30Mhz attenuates more than 20 dB to cross over the junction.

4. Empirical channel model and discussion

Based on measured data, the empirical multipath channel model for power line [5,6,7] is proposed. The
propagation loss model for the first path at each outlet can be obtained from Fig. 5.

In Fig. 5(a), the slope of the attenuation curve for outlets without a junction between the transmitter and the
receiver is about 0.75 dB/m and the initial attenuation that is conjectured as the coupling loss is 4.4 dB. At outlet
E and D for which there is no junction between the transmitter and the receiver, the additional propagation loss
of 5.7 dB is observed in the afternoon and in the evening compared to the propagation loss at midnight. On the
other hand, propagation loss curves for the other group of outlets having a junction in Fig. 5(b) show that the
initial loss, which is believed to include the junction loss in addition to the coupling loss, is 23.55 dB.
Furthermore, we cannot tell the difference among the propagation loss in the afternoon, in the evening and at
midnight. The slope of the attenuation curve is maintained at 0.75 dB/m, regardless of the time of measurements.

Analyzing measured impulse responses, there exist three multipath components within 1 us for most of
measurements on the average. The propagation loss of each path calculated from the time averaged impulse
response curve is shown in Fig. 6. The propagation loss increases constantly with multipaths at the rate of 6.1 dB
for outlets having a junction between the transmitter and the receiver and at the rate of 10.5 dB for outlets having
no junction between the transmitter and the receiver.

144




Distributor

Lab 1 Lab 2 Lab 3

4m

outlet A }.

R

outlet B

Eoutlet D

Fig. 2 Floor plan and layout of power outlets.
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Fig. 3 Impulse responses measured at outlet A.

roure Revpenes ol ot O Eue Pusperme K outt O ot R & ot O

(é) at midnight (b) in the afternoon (c) in the evening
Fig. 4 Impulse responses measured at outlet D.

The statistical properties of the amplitude and phase variations as well as the interval variation between each
path are obtained from measured impulse responses. The analysis reveals that the statistics of the amplitudes
normalized by the time averaged value follows the Rician distribution curve with mean=1 and K=20 for the first
and second paths and the Rician distribution curve with mean=1 and K=5 for the third path in case of outlets
having no junction between the transmitter and the receiver. For the other outlets having a junction, the
distribution curve follows the Rician curve with mean=1 and K=20 for the first path and the Rayleigh curve with
mean=1 for the second and third path. The phases are uniformly distributed from 0 to 27m. The interval between
the first and second path is uniformly distributed between 0.1 ps and 0.24 ps and the distribution of the interval
between the second and third path follows the uniform distribution between 0.1 ys and 0.27 ps. The power line
channel can be statistically simulated by the following procedures.
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Fig.5 Attenuation curve of the first path at each outlet.
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Fig. 6 Comparison of propagation loss of each path.

First, determine the attenuation of the first path PL, depending on the location of the receiver. Assuming the
distance between the transmitter and the receiver is » m, the path loss can be obtained from the following
equation

PLy 45y =23.55 45y +0.75 g/ my XV @
for outlets having a junction between the transmitter and the receiver.
PLl(dB) = 4.4(43) + 0‘75(113/"!) Xr(m) + AAF(JE) (3)

for outlets having no junction between the transmitter and the receiver. Additional attenuation factor (AAF) is
5.7 dB for outlets having no junction between the transmitter and the receiver in the afternoon and in the evening.
With the calculated PL;, the amplitude of the first path A; can be obtained by

PL,

4,=10 % -R @)
where R is a Rician random variable with mean=1 and K=20.
Second, determine the phase of the first path P; from the uniform distribution from 0 to 27.
Third, determine the attenuation of the second and third path PL,, PL,. In case of ‘with the junction’,

PL, gy = PLyysy + 6.1 35y X (n—1) n=23 )
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Fig. 8 Comparison of simulated and measured impulse responses

where » means the path index. The amplitude of the second path A, is determined from PL, and Rician random
variable with mean = 1 and K = 20 with the same equation to determine A;. The amplitude of the third path A; is
also obtained from PL; and Rician random variable with mean=1 and K=>5. In case of ‘without the junction’,

PL, 45y = PLyggy +10.5 45 X (n~1) n=23. 6

A, and A; are determined from PL,, PL; and the Rayleigh random variable with mean=1.

Fourth, determine the phase of the second and third path P, and Ps, which follow the uniform distribution from
0 to 2.

Fifth, the interval between the first and second path d,, is determined from the uniform distribution between
0.1 ps and 0.24 ps. The interval between the second and third path d; is also obtained to be uniformly
distributed between 0.1 ps and 0.27 ps.

The channel modeling procedures are summarized in Fig. 7. The empirical multipath channel model of power
line is given by ’

h(t) = A,e™ 8(t)+ 4, 8(t—d,,) + 4,e™P 8 (t—d ). Q)
The simulated impulse response is compared with the measured impulse response in Fig. 8.
The BER performance for QPSK with the proposed channel model is obtained using computer simulation

[8,9]. For QPSK, BER vs Ey/N, performances are simulated in case of ‘with the junction’ and ‘without the
junction’ as shown in Fig. 10.
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Fig.9 Performance curves for QPSK in the power line channel.

6. Conclusion

In this paper, the channel properties of power line are characterized through impulse response measurements.
The empirical multipath channel model is proposed from measured data. The number of multipath components is
3 within 1 [is on the average. The statistics of the amplitudes normalized by the time averaged value at each path
follow the Rician or Rayleigh distribution curve. The phases are uniformly distributed between 0 and 2x. The
distribution of the interval between each path follows the uniform distribution during about 0.2 ps.

The BER performances for QPSK are simulated with the proposed channel model. From simulation resuits,
we conclude that the effective mitigation methods are necessary to high speed data communications over power
line with the acceptable BER.
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