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Channel characteristics of multi-path power line using a contactless inductive coupling unit
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Abstract: Broadband powerline communication (BPLC) uses distribution lines as a medium for achieving effective bidirectional
data communication along with electric current flow. As the material characteristics of power lines are not good at the commu-
nication channel, the development of power line communication (PLC) systems for internet, voice, and data services requires
measurement-based models of the transfer characteristics of the network suitable for performance analysis by simulation. In this
paper, an analytic model describing a complex transfer function is presented to obtain the attenuation and path parameters for a
multipath power line model. The calculated results demonstrated frequency-selective fading in multipath channels and signal at-
tenuation with frequency, and were in good agreement with the experimental results. Inductive coupling units are used as cou-
plers for coupling the signal to the power line to avoid physical connections to the distribution line. The inductance of the fer-
rite core, which depends on the frequency, determines the cut-off frequency of the inductive coupler. Coupling loss can be
minimized by increasing the number of windings around the coupler. Coupling efficiency was improved by more than 6 dB
with three windings compared to the results obtained with one winding.

Keywords: Power line communication, Inductive coupling unit, Transfer function, Multi-path distribution line model, Ferrite core
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Figure 1: Multipath propagation of signal from A to D
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Figure 2: Measurement and simulation results for N = 4
powerline link. (a) attenuation profile, (b) phase
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Table 1: Parameters of the four path model

attenuation parameters
k=07 ] a,=25x10%/m | a,=35x10 "s/m
path parameters
{ 9i d;/m { 9i d;/m
1 0.6 50 3 0.15 90
2 0.4 70 0.1 110
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Figure 3: Structure of inductive coupling unit
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Figure 4: Frequency characteristics of ICU. (a) inductance

and (b) impedance
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Figure 5: Experimental setup for measuring the ICU’s coupling

Figure 6: Measured coupling efficiency in terms of number
of turns

LN F24 AR
Figure 1°] T4 = ajdd &2 |
2A% 54& S48 AF A9 = Figure 77
Uk B A 33 50Q AR Ateloll £1A7F 30 m Aeo] vj

Aol 28m f1A FrEA AdVIE AET 5 4
e SAsEITE A A AT A
(peak-to-peak voltage) Z7|& 7F+= A3} AEE w4
o JAkete] fr=d Ag7]olA Aetd &
A719F A" AR AR AT
Figure 8-> vl X o2 AEE= 25 of
718 Fu SHEAS 29EY 7R SAT Zijelth
Figure 6°] 235 7|22 A7 = A4 35 13]9
33|= afo] A4t F A5 a

802



o E HF &
fo [k
.
=2
S~
(o)
&
o
o
=
-
o,
3 i

(10m

Signal A (20m) (28m)
Generator

Digital Oscilloscope
Spectrum analyzer

Figure 7: Experimental setup to measure the coupling effi-
ciency between the ICU and distribution lines

Figure 8: Frequency response against number of winding
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Figure 9: Time domain response for 2 MHz sinusoidal wave
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