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Channel Modeling for Digital Transmission using Power Line

Norio Sasaki™, Member, Kenichi Seino™ *, Non-member, Tasuku Hanaumi™*, Non-member,

Takeshi Oda™*, Non-member, Fumiyuki Adachi* * *, Non-member

(2012 4E 1 H 10 B3AF, 201244 A 16 H H3ZA)

This paper conducted experiments to model the channel for digital transmission based on the analysis of the experimental

results obtained, and revealed the characteristics of propagation loss, characteristics of delay path profile and the noise

characteristics of the power line carrier system that uses power transmission lines. In terms of the characteristics of propagation

loss, experimental results were subjected to multiple regression analysis and an equation to estimate propagation loss was derived

with useful parameters. With the characteristics of delay path profile, additional loss of the delay path was modeled and clarified.

It was indicated that delay path travel both by in-phase propagation and out-phase propagation, thus it is important to consider

these two propagation characteristics when modeling. With the noise characteristics, it was indicated that they are superposition

characteristics of thermal noise and impulse noise and these two characteristics were modeled based on theoretical examination

and the cumulative probability distribution. Simulations using these derived models agreed well with the measurement results,

indicating these models will be practical for use.
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Table 1. Measurement parameters.
Carrier frequency 175kHz,275kHz,325kHz,375kHz,425kHz
Tx power +10dBm
Modulation method 64QAM
Symbol rate 32ksymbols/s
Tx filter root Nyquist filter (« =0.5)
Receiver Spectrum analyzer

LT Power-line (ACSR120mm?2~ 160mm?) LT
= cc cc =
Tx Rx
Exper imental Spectrum
Transmitter Analyzer

Fig. 2. Setup for measurement propagation loss.
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Table 2. Specification of measurement, and results.
Distance Branch Carrier Propagation

line frequency loss

@ 16.3km 2 branch 275kHz 9dB

325kHz 9dB
® 28.5km 1 branch 275Khz 10.2dB
325kHz 11.8dB
375kHz 11.5dB
425kHz 11.2dB
® 5.2km Non-branch 175kHz 5.5dB
@ 57.6km 2 branch 275kHz 17.0dB
375kHz 18.6dB
® 16.6km 2 branch 375kHz 10.1dB
425kHz 10.5dB
® 10km Non-branch 175kHz 10.0dB
@ 16.9km 2 branch 275kHz 13.5dB
® 21.5km 1 branch 325kHz 12.5dB
425kHz 13.0dB
©) 29.3km 2 branch 375kHz 15.0dB
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Table 3. Evaluation of regression.
Item value
Variance ratio 7.8
. D=0.73
Standard regression
) B=0.21
coefficient
B,=0.37
Decision coefficient 0.8
Standard error 1.88dB
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Fig. 3. Comparison of regression and measured propagation loss.
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Fig. 6. Signal transmisstion routes and setup for measurement

propagation loss and far-end crosstalk loss.

Table 4. Measurement parameters.

Frequency band 250kHz-350kHz
Frequency step 1kHz
Oscillator out put power +10dBm
Receive bandwidth 3kHz
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Table 5. Measurement parameters.
Impulse generator 375kHz
carrier frequency 2.7us)

Output power +10dBm
Receive bandwidth 100kHz
Recorder sampling rate IMHz
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Fig. 9. Power line system of delay profile.
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Fig. 10. Power line system of delay path routes and delay time.
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Table 6. Analysis results of additional loss in B power line

system.

Delay Measured Estimated

time Popan] | Dol ep[it[?l] Pu/Pe[dB] %ZLED[%
[us]
55 26.4 16.5 2.9 23.5
68 25.4 20.4 3.6 21.8
81 24.2 24.3 43 19.9
109 24.4 32.7 5.7 18.7
176 31.8 52.8 9.2 22.6
189 33.8 56.7 9.9 23.9

Table 7. Analysis results of additional loss in C power line

system.

e | i | S| e | el
23 7.9 6.9 1.2 6.7
48 15.2 14.4 2.5 12.7
82 19.0 24.6 43 14.7
111 26.9 333 58 21.1
137 29.4 41.1 7.2 22.2
162 31.0 48.6 8.5 22.5
180 29.9 54.0 94 20.4
200 34.0 60.0 10.4 23.6
220 34.1 66.0 11.5 22.6
243 35.8 72.9 12.7 23.1
283 38.7 84.9 14.8 23.9
332 39.0 99.6 17.3 21.7
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SEHIECIE RLy=10.0dB L HEE CTX 5,

b. 54> b3y TOHEREDESFH TOREE
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A2 8Ty TR T ORI RLr 13 6.7dB EHEETE
5, 2T, AV VT v T ORMEA v E— X R IR
HHEE T 1200Q 722> TV B,

c. 74V Sy TEREDHBEER TORITE

Table 6 (OVREHEMFRE 55ps (2330 T I A& e & 7 & 0> & < BT
TORSE, T4 8T v TERED I E O KGR
(Fig.10()Z ) 12725 DT, KImZEiERE O EKIT TOX
518 RL;=10.0dB DEAHF LN TNWDL I EnD, T4 T
v TR S I T O KSR R RLyr 13 23.5dB-10.0dB
=13.5dB LH#EETE B,
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Fig. 11. Mesurement of delay path additional loss and regression

line, also regression line in estimated non additional loss.
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Table 8.  Analysis results of additional loss.

Reflection loss in equipment terminal

10.0dB

RLy

Reflection loss in line trap terminal

6.7dB

RLir

Reflection loss in line trap branch

13.5dB

RL.ILT

Reflection loss in without line trap branch

2.7dB

RL,

Composite loss in line trap

10.6dB

BLT

Reflection loss in sub-station
0dB
RLss
Phase-to-phase coupling loss

P pine 11.7dB

Lec
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Fig. 12. Comparison of delay path profile for transmitting

in-phase and transmitting out-phase.
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Table 9. Measurement parameters.
Measured frequency 250kHz~450kHz
Receive bandwidth 30kHz
Recorder sampling rate IMHz
Power-line LT
I CC
Memory
CF Recorder
|
Spectrum
Analyzer

Fig. 13.  Measurement setup.
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Fig. 14. Measured noise power and impulse response of
gaussian filter.
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