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1. Introduction
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PLC is used for Home-Network

= Nature of Power Line Communication
# No new wiring=Power Line is ubiquitous
# Connect to Power Supply Network
# Over 100Mbps capability available

= PLC application & required rate

# Router to PC - 100Mbps required
# Router to TV (Broadcast) —> 24Mbps necessary
# Router to Telephone —> less than 100mS delay

# Smart Meter to HEMS-GW -2 1kbytes/minute
# Auto-Meter-Reading - 100bytes/month
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PLC applications
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2 . Physical layer of PLC
& Noise/Attenuation

Doctoral dissertations of Mikio Mizutani ;Kyushu Institute of Technology 2014
‘Studies on Reinforcement of Power Line Communications on Home Networks’
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PLC-standards in Japan

= Broad-band PLC:BPLC=120Mbps
Narrow-band PLC:NPLC=30kbps

NPLC An-Radio BPLC

=\
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100KHz 1MHz 10MHz 100MHz

= BPLC-standard IEEE1901,ITU-T G.9972 (2011)
Application in Japan is limited to use only in-house

m NPLC-standard IEEE1901.2,ITU-T G.9903-ARI1B(2014)
TEPCO start to use for Smart-Meter from 2015 Spring
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OFDM Modulation is better for wideband

AHPSK ARIMSh j __ 64%vyY70rDM AnDRSL

dB
dB
|

Line spectrum

IR (o)

i | | i ; H i
] 1000 2000 8000 4000 5000 600D 7000
Hz

i | i i H H i | f
1000 2000 a000 4non Goon Goon 7000 = 1{
Hz

8l (5

AfiPsK EEEE EHEALPF ' |

2641¥V'J70FDM FEE2EE EEEMALPF i
; : g ; ;
15
15
1 E'ﬁ:—#‘lkll.-l
1
0s
0s
0fF- &
ol
-05
-05
-1
-1
15
-15
” x
= 15 1 05 0 0.8 1 15 9 i
& 15 1 05 ] 05 % 15 4

Single-Carrier-PSK OFDM

= In deeply-notched-spectrum-line,
OFDM is less damaged than Single-Carrier system.
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Typical Line-Attenuation is Low-Pass
in high rise housing vertical cable.
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Diode bridge noise is limit under 10kHz.

before BPF: F1 2Meter F16HGW_F1 2de t¥pic004 .CCC
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B Diode bridge has no damage for NPLC
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Equipment with dimmer has over 150kHz noise.
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B Over 150kHz noise has damages for NPLC
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Amplitude (dBV)

|H-cooking-heater power-supply-burst-noise

exceed 150kHz.
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B |H-noise Is burst in every 20mS cause error in NPLC.
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Impedance up/down by 50Hz

Error
4750 ratio
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B Packet-error-ratio varies from 0% to 100%
depend on AC-wave zero-cross timing.
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3. G3PLC & real environment
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G3PLC-ARIB frame in real environment-1.

no-ATT & no-noise
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G3PLC-ARIB frame in real environment-2.
Flat-ATT 55dB=SN 0dB

EYE PATTERN

ERROR 3AE4AD3237823EE7240: Amp= 4. 03mV: EQM=T764 - : . %yu_l{ .
Frame:NO_R:RB:FL=304: Amp= 3. 95mV: EQM=329 | ; |
ESRiEL = e = ' '
~rame: | & z = 3 p= 5 mv: & =
Frame:NO_R:RB:FL=304: Amp= 4.|gmv: EQH=318 FLAT_ATT_80dB.ccc
Frame:NO_R:RB:FL=304: Amp= 4. 05mV: EQM=373
Frame-NO_R-RB:FL=304- Amp=  3.82mV: EQM=309 Preamble detector out
Frame:NO R:RB:FL=304: Amp 3. 62mV: EQM=299 : . - 5
Fr s =R j E O
Frame:NO_R:RB: FL=304 Amp= 3. 78mV: EQW=284
Frame:NO_R:RB:FL=304: Amp= 3. 76mV: EGM=307
Frame-NO_R:RB:FL=304: Amp= 3. 83ImV: EQM=321
Frame:NO_R:RB:FL=304: Amp=  3.91mV: EQM=335
Frame:NO_R:RB:FL=304: Amp= 3. 82mV: EQWM=302
Frame-NO_R:RB-FL=304" Amp= 3. 96mV: EQM=345 L N e
Frame:NO_R:RB:FL=304: Amp=  4.01mV: EQM=303 © 05 1 15 2 25 8 385 4 45
Frame:NO_R:RB:FL=304: Amp= 3. 87mV: EGM=323 Time (ms)

Frame: NO_R:RB:FL=304: Amp= 4, 05mV: EQM=321 . .
AD input Time
L i T oo
% 7| P, - g0 .
g 3"
T bl £
<
-120 R et tEr Rt LS i :
0 100 200 ann 400 500 L] 45
Frequency (KHz) Time (ms)
i file=C ¥mathworks¥OFDM_ sim¥CCC¥ Taiwan_demo¥FLAT_ATT_80dB.ccc
e
10!
10
* 0 2 i b 3 10 12 1 16 1 20
Time {sec)
ILb=LI—5 U AEKE=9/18 sec=9.271 ﬁ?
= s l Frame:NO_R:RB:FL=304: Amp= 3.79mV: EQM=294
ge | o | [ EEge

B FCH-no-error EQM=294

|5 2014/12/15




G3PLC-ARIB frame in real environment-3.
Line=180kHz low-pass
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G3PLC-ARIB frame in real environment-4.
|H-cooking-heater-burst-noise
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4. HD-PLC performance issue

Mikio Mizutani, Masato Tsuru, Yuji Oie, “New Performance Estimation
Scheme and Applications for Broadband Communications Over Power Lines
in the Home,” Proc. 2011 IEEE Pacific Rim Conference on Communications,
Computers and Signal Processing (PACRIM2011), pp. 578-583, August
2011.
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Panasonic PLC house in Minoshima
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Observed UDP-rate in PLC house

o’ -

X

Bit rate | Att.

(sdquy) siel g

Layer
outlet outlet [Mbps] | [dB]
1-17(2) | 1-7(2) 67.7 =132 same B
1-20 (10) | 36.9 —45.3 diff. L
1-26 (4) | 36.2 =39.3 same L
2-1(7) 30.2 -449 | diff. L
2-10(5) | 25.6 —49.6 | diff. L
2-17(6) | 19.7 —53.6 same L
2-1(7) | 1-5(3) 12.9 —51.6 same L
1-7 (2) 294 —45.3 diff. L
2-5(7) 67.8 ~1.8.2 same B
2-17(6) | 31.7 -=5(.1 diff. L
2-10(5) | 2-17(6) 39.1 —45.7 diff. L
1=-15 ¢1) | 11.3 —48.8 same L
1-12(2) [ 2-13(5) [ 0.0 ~63.7 diff. L

Table 1. Attenuation (dB) and bit rate (Mbps)

Different Layer
or same Layer
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B UDP-rate vs. Attenuation in each 13 pairs of outlet
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UDP rate Estimation of every outlet pairs

M T T T 1 800

#- correlation coefficient 500 | .
~0.95481 0 Mbps:. (no Link)
2 5 - it J O o 584 Pairs
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B Attenuation estimation by BMAE BEstimated UDP rate

of every outlet pairs
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UDP rate up by relay transmission

600 -

: : | ('ritcria?. |
C: Relay point ~ total n=6972
no—up n=4026
Sacibps) o[ _Seblbps) - min upspeed=12.4336
-------------------- > 3
Sab(bps) c w
@
A:TX B:RX |
1/Sab '°°!
1/Sac 1/Scb n!_ , ; _ _ .
B Rate up criteria Bit rate (Mbps)
Sac>Sab*2 & B UDP rate up by relay transmission
Sch>Sab*2 RED: no improve Blue: Rate up

BRelay transmission improve UDP rate.
100% up-12Mbps :95% up-20Mbps : 90% up-24Mbps
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Thanks your corporation
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