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Overview of PLC and home-network
Home network (1)

Promising candidates
Wire-less network
IEEE802.11, Bluetooth, HomeRF
Wired network
Plastic Optical Fiber
twist-pair wire
IEEE802.3
cheapest, fastest & (most) reliable
But needs New Wires
IEEE1394 for AV applications
HomePNA

Relatively low-cost, fast, reliable, supports voice &
streaming

But limited to existing phone jacks



Overview of PLC and home-network
Home network (2)

Wired network
IEEE802.3, IEEE1394, (HomePNA)
o high speed, reliable
X new wire or re-wiring is needed

> Power-Line Communication (PLC),
l.e.,
e No costly rewiring
A ‘connection port’ (AC power outlet)
In every room
 ecological method



Overview of PLC and home-network
Home network (2): related standards

application
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PLC
High speed PL C: HomePlug (10M bps)
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Table 1. Home Networking Technology Comparison

Phone line

Ethernet

Powerline

Wireless

Speed
{1 Mbps =
1000 Kbps)

Estimated cost*
{im US dollars)

Advantages

Reguirements

Best use

100 Kbps—10 Mbps 10 Mbps-100 Mbps

$50-$130

Convenient, simple
(no new wires),
seCure

Need computers
and peripherals
near phone jacks
on the same phone-
line

|deal for shared
Internet access;
good for home

gaming

$75-%200

Fastest, most
secure and reliable

Reguires special
cabling; best in

new home instal-
lations or remodels

Ideal for shared
Internef access,
home offices, and

home gaming

50 Kbps—350 Kbps

$70-5150

Convenient, simple
(no new wires)

Need computers
and peripherals
near power outlets

on the same power
circuit Split

700 Kbps-11 Mbps

$200-%300

Convenient, mobile,
simple (no wires),
sgcure

Network components
must be within a 250-
foot range

phase problem

Good for low-band-
width applications
such as home
security and control

http://www.3com.com/technol ogy/tech _net/white papers/503081c.html

Ideal for laptops,
desktops, and hand-
held connected
organizers; works
inside and outside
home or small office;
great for shared
Internet access; good
for home gaming

*For comparison purposes. the prices include all the necessary software and hardware required to network hwo compiters.



Overview of PLC and home-network

Home network by PLC (1)

L O0hAbnS indoor outdoor
| SRR
o g RRannRanRRRanD
Homel AN, -
o BOHO
11
tempaoral 7
LA .

high speed PLC

ook | (peer—to—peer, v

! :;;;;'E=5=:5:5:5:5:5:5:5:5:5:5:5:55:5:5:5::5Es:5:5:5:5:5:5:5:5:5:=:=-=-:.. -1'"'.
10k —,
Ea'p'p'uar‘w_r‘;'ejr;dmjm@

1k '-._q;.':':':':':':':':':':':':':'- oy SpEEd PLI:J.-'

Feq. range

>1MHz

<450kHz




Overview of PLC and home-network

Good point of PLC (1)

PL C can provide both solutions

high-speed data communication
( 10Mbps, developing)

appliance control (low-speed but cheap)
..(1) L owerslevels of energy

for DSM (Demand-Side Management) consumption

DSM is to smooth out the daily
peaks and valleys in electric
energy demand to make the most

efficient use of energy resources _ |
and to defer the need to develop Shiftsthe time of energy use.

new power plants. m

http://www.state.hi.us/dbedt/ert/dsm_hi.html#anchor351481




Overview of PLC and home-network

Good point of PLC (2)

appliance control ...(2)
for home automation

can link lighting, entertainment, security,
telecommunications, heating and air conditioning into one
centrally controlled system.

http://www.homeautomation.org/welcome/welcomeM
AIN_ie.html



Home network by PLC (3)
Epoch-making trial of
“Internet Over Power-lines”

Nortel (Northern Telecom) and NorWeb Communications:
Nov., 1997

At Seymour Park Primary School in Manchester England

12 PCs were connected to the Internet by power line.
All 12 computers can operate concurrently from just
one connection, from which they obtain permanent
access to the Internet at speeds of up to 1 Mbps.

> e+ Begin to develop higher speed PLCs
e Begin an activity of deregulation

http://www.iihe.ac.be/scimitar/J0398/I ntOvPow.html



http://www.3com.com/technology/tech _net/white papers/503081la.htmi#figure 3

Home network by PLC (4)
Home gateway (a)

Cruigse the Internel with a
cable, D5L. or the bullt-in e
56K analog modem e

Home phone line

Connect to your homea's ek
phone line or Efthernet —
natwork—or bridge

betweean them

' Ethernet
Or power | I ne Connect foa hub,
_ existing network, or
" e . notebook computer
“"“ oo ,-[.:.-n*"'-
pres® | ou ™
s
'F";Dm:nmﬂ’-"z""l'ﬂn
and

Figure 3. Residential Gateway Product Connectivity .
““ or power-line



Home network by PLC (5)
Home gateway using electric power
meter

OpenPLANET server, developed by Shikoku Electric Power
Company.

currently utilizes
* Residential network
Echelon's LonWorks

» Global network

PHS(Personal

Handy-phone

System)

http://www.openplanet.co.|p/html-e/e-koseai .htm




Plastic Optical Fiber (POF) for Gigabit
Communication http://www.agc.co.jp/english/lucina/

High bandwidth (2.5Gbps over 200-500m)
a graded index (Gl) profile

large core fiber — Ease of handling and connection,
Low installation costs

B Graded Index - CYTOP = Optical Fiber (GI-COF)

o Compatibility with : ____"‘ 4 50~
commercially available e ) ]| 200u m
transceivers of Multi Mode >

glass optical fiber(MMF),
especially 850nm LED, Single Mode - Glass Optical Fiber (SM-GOF)

780nm LD, and 850nm

VCSEL transceivers ey 1 ®10um



http://www.arib.or.jp/mmac/downl0ad/m0003_3. pdf

An example of POF application to home-network

‘ Tmaoce nf Wirelece 1304 ‘
POF and twist-pair will provide ultra-high speed
But

Please image that, all appliances will need such
high speed?, e.g., turning the light on/off.

==> PLC will complement them seamlessly.

IEEELI3YG 1Y

IEEE1394 L aser Dise |
AN ORI Going =31l e
with LEEE 1394 nter through the merat o | moewon
" e 1])))) Wall equipped PC NETWORKS
‘)
@ | . =_=
IE FI 1394 IEEE 1394 MONITORTYV
MGITAL STILL CAMERA — {iat{'wuy ‘
IEEE 1394 2
PRINTER e
Wireless 1394




Conventional PLC products (1)

for the traditional appliance-control, or
home-automation

CEBus, LONtalk, X-10, SMART HOUSE, BatiBUS,

European Home System, European Installation Bus, Japan's
Home Bus System.

for PC modem
some products around 100kbps



Conventional PLC products (2)

conformable

future version)

No. modulation data rate (bps) transmission
bandwidth stanaard
RCS (ripple carner
early PLC | signaling; a kind of approx. 2/3
(around 1930) ASK)
1 AM 60 X-10 "teD)
2 (INTELLON) SS (chirp) ~8.5k 100k — 400kHz CEBus
3 (ALINCO) D555 ey 9.6k 10k — 450kHz proprietary
4 (ECHELON) DS /SS moted) 10k 100k — 450kHz LonTalk
5 (CONLUX) D& (S5 St 19.2k 100k — 450kHz proprietary
6 (ECHELON) BPSK 5k 125k — 140kHz LonTalk
7 (ITRON) FSK 3.2k Ok — 95kHz proprietary
8 (NS, LM1893) FSK 4.8k (FSK deviation: | proprietary
[. fj,I> = 4.4%)
9 (Adaptive SS 100k 140k — 450kHz proprietary
Networks)
10 (Intelogis) FSK 250k (1Mbps for the proprietary

11 (NorWeb)

1M

2MHz
between 2.2MHz and
10MHz

proprietary




http://hometoys.com/htinews/aug97/arti cles/kwacks/kwacks.htm

Conventional PLC products (3)
Standards for home-automation
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e X-10: registered trademark of X 10 (USA) Inc. *HBS: Home Bus System

» LonTalk: technology of Echelon Corporation  (Japanese standard for home
Electronic Industries Association of

Japan.)
 HES: an international standard



Conventional PLC products (4)
CEBus (1)

Consumer Electronics Bus (CEBus) : an open standard
EIA-600, developed by the Electronics Industries
Association (EIA)

since 1984

power-line (SS/chirp modulation), twist-pair, coaxial
cable, IR, RF, optic fiber

Home Plug & Play (HomePnP)

The HomePnP Task Force was formed in late 1995 by

Honeywell, Intel, Microsoft and Thomson Consumer
Electronics

utilizes the Common Application Language (CAL, EIA-721)
for a transport-independent application protocol.




Conventional PLC products (5)
CEBus (2)

SCP/CEBuUs ---- Microsoft

Microsoft has announced its Simple Control
Protocol (SCP), that is a protocol based on CEBus
lowest layer standard definition. SCP and CEBus
devices can coexist on the same network. In the
future, quite likely SCP will replace CEBuSs.

SCP: a lightweight, royalty free networking
technology for devices such as smart
appliances and home control products.




Principle of PLC 6,600V
Electric (& telephone)
pole, Japan




Principle of PLC

Merit of PLC

No new wire
Appliances are already connected to power-line

Available area is wider than radio waves, in indoor-
communication

no obstacle such as walls to propagate a signal

At Sakura elementary school in Ehime, we
demonstrated that PLC of 100kbps was possible
at all wall sockets, from 1st floor to 3rd floor, 18
classrooms.

IEEE802.11b LAN was limited to the visible
area. Beyond a wall, its quality degrades so
much.



Demerit in the conventional PL C using low freguency

band

+* Power lines are designed for delivering power not data

+High noise
1010010110

+High attenuation
1010010110

+Signal distortion [{T
1010010110 | ]
e

+ It takes a sophisticated modem to communicate reliably

http://Awww.echel on.com/products/ Transcei vers/PL TPresentations/PL Technology.pdf = ECHELON



High noise from appliances (1)

Noise is additive.

Dominant noise is
colored, and modeled as
a decreasing function of
frequency

The lower frequency
components of transmitting
signals should be suppressed
compared to the higher ones.

P.S.D. (dBm)

with 5 electric appliances

(PC, TV, electric oven,vacuum
cleaner, inverter type desk lamp)

without electric ap

pliances

N

-

100 150

200 250

frequency (kHz)

300




High noise from appliances (2)

IH cooking heater: periodic noise

P.S.D.
(dBm)

-25

50 ¢

0 100 200 300 400 500 O 05 11"m1é5m 2 25 3
Frequency(kHz) ime(ms)



P.S5.D. o

f noise (dBm)

-150

-60 point B/ M

00k
frequency (Hz)

1M

Power-line
noise at high

| frequency band

L ow noise
level

|

receives benefit
of EMC
regulation

10M  50M



Mains Terminal Interference Voltage

(dB ,U,V QL,"a,S,iT,p?lak j.ial|l.l,le)
1107
100 |
Q0 [
80|
70

60 |

30

EMC requlation

pub.15

pub.11 {gourp?2 classB)

/

\

pub.22 (classB)

158K 500k

0k 100k M

frequency (Hz)

M

Limits of CISPR (the
International Special
Committee on Radio
Interference) Pub.11,15,22

Pub.11 (Group2 Class B):
ISM equipment, Microwaves

Pub.15: Fluorescent Lamps,
Luminary

Pub.22: ITE (Information
Technology Equipment;
printer, PC, display, etc.).

Class B: The equipment
which is used Iin
residential area.
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= What Causes Attenuation 7?7

Required dynamic
range is 80dB

=~

"-i A
Transmitting i“ 60dB Attenuation
| Node l = TVpp f¥mpp

=
= . Node
+*Voltage dividers

+ Wiring inductance m}i‘
*Shunt loads msg»> | ow impedance

« Panel loading
« EMC capacitors

*Phase coupling loss

Attenuation(dB) = 20°LOG,y(Vansmit! Vreceive) = ECHELON

B IR T I HSE 1D L



What causes attenuation? (2)

PLC channel model

distribution
Transformer
100V %
m%) 100V
"GND £

same phase

~TTT Panel 6,600V

L=

I

telephone




What causes attenuation? (3)

Appliances’ impedance (1)

impedance [Q]

100k
10k}
1k|
100?;;4M

ol

0.1

M 10M 100M
frequency [Hz]

In low freq.
0.7 Q --?70Q

<-- EMC
capacitors

In higher freq.

Gradually
increases <--
inductance (L)
dispersion
decreases



Appliances’ impedance (2)

4 types’ resonance (1)

from top tp bottom
: TV

: inverter desk lamp (OFF)
: dryer (OFF)

: toaster oven (OFF)
: jron (OFF)

Tl W N+~

+—glectric fan (OFF
1 O : vacuum cleaner(OFTF

6 * microwave oven(OFF)
‘7 + battery charger (security light)
8 OA tap (OFF)

1 H=] [ 5 q

impedance [Q] impedance [Q]

100k

100k

vacuum clearner (ON)

> 10K |

10k | inlet-type noise filter
OA tap with noise filter (ON) o LR
Tkr IH cooking heater (ON) Tk TN

<.
e e e ]
h i

component stereo

100F) j AR

100t

10 k- 10}
SR "~ battery charger
i1 T L (mobile phone) l 1t
PC ] mverter desk lamp (ON)
VCR . battery charger (drill)
0.1 ' "
100k 1M 10M 100M 100k ™

frequency [Hz]

Dip type

T0M 100M

frequency [Hz]

risetype




Appliances’ impedance (3)

4 types’ resonance (2)

impedance [Q] impedance [Q]
100K — : : 100K —
10K Felectric warm-water pot 1 10k}
iron (ON) electric shaver
1k | dryer(ON) ! : 1k} l ]
toaster
100+ | oven(ON) N‘ A : 100 W\/
R — l P .
- 10}

10} o

’ ‘\\ IH cooking heater (OFF) . Tt

CRT
rice cooker

0.1 L~ : : 0.1l : :
100k 1M 10M 100M 100k 1M 10M 100M
frequency [Hz] frequency [Hz]

inductance type flat type
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http://www.iijnet.or.jp/murata/products/english/catal og/emc/noise/k_3/acpwr_2.html

_:::E;I poOWer
(0000 T G| Ul

Symbol |[Name Function
L1 Common mode Suppresses common mode noi se.
Ichoke coil
CL IAcrossthe line Suppresses differential mode noise.
capacitor
(X-capacitor)
CB1 Line bypass Suppresses common mode noise and
CB2 capacitor |differential mode noise.
(Y -capacitor)
Tt L T
| ] e 000 ) | = icB,| Switching
CLi =— —_— -




Appliances’ impedance (5)
Why the resonance .
occurs? (2)

Functions of o
Respective Noise
Filters
ic)
(d)

Conducted Disturbance (di ) Conducted Disturbance (dB g Conducted Disturbance {dB g

Conducted Disturbance (dB g

108 -

s esdEy

o
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'r-:hrlﬂ-':l[lst'.lﬂ:-arre ::
| made

ns

Frasguency | MHz)

100

8568

TEsBEUYE

3 = cle] Dishmance Ja

Cifterantid made Companent
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Hd e e fealed 43000 0 n
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B h ok aess
el bk

IRRES e TN
. | mode Compment

“':"E'i": - _(-Jrrm-:lr-m-:lrlﬂ [-Jrr{l-nr-ﬂr-t:

| i
Frasguancy [ MHz)

L L Conductad Dishaharce
T, Cifferartial mede Companent
i L —(-:lrrm-Jnrn-Jrh |:':l|'|'1'|':ll'l"|'lt

_'.:

EEBEEEEB8EsE

] 31
Frasuancy [ MHz)

Me filter used.

"@

K-capacitor used.

L @

I

Both X- and Y-capacitors used.

X-capacitor, Y-capacitor,
and commen mode choke coil all used.

Examples of Confirming the Functions of Hespective Noise Filters

http://www.iijnet.or.jp/murata/products/english/catal og/emc/noise/k_3/acpwr_8.html



Appliances’ impedance (6)

Why the resonance occurs? (3)

GHM1500
Tk

Example of impedance
(Z2) -frequency
characteristic of a
ceramic capacitor

1000pF
Z (min) < 1Q 10 >

_ 10000pgxh“\\\\\\\
oz b SN2
capacitors. \ V?y

Solution of the low impedance dueto the EM C capacitor

* Impedance upper made of inductance is connected in Sseries.
---> The size of inductance for 15A isvery big and its cost ?
reduction is difficult!! O

100

/

Z (ohm)




What causes attenuation? (3)

Appliances’ impedance and its dispersion.
(54 appliances, 89 on/off states)

Gradually decrease| |nfluence of AC cords

100%(MAX)  1£]1Ohm] s MIN
91%{MAX)

70.8%(MAX)

70.8%(MIN)

91%(MIN)

0 01 . 13 100%(MIN) .
0.1 05 1 10 0% . 1007
Frequency[MHz] probability distribution

©



What causes attenuation? (4)

Influence of the length of AC-power-supply
cord on the appliance's impedance

— Imp. of the cord ,
Imp. of thecharger  (distributed constant) -J(( h
(lumped constants) ' '

é

l100] /

100 . . o . . @
0.1 1 10 0 10 20 30 40 50 60 70 80 90100
frequency (MHz) frequency (MHz)
(a) frequency axisin log scale (b) frequency axisin liner scale

| mpedance of a battery charger with a cord of length Om,1m,2m,5m.

©



Influence of the length of AC-power-supply cord on the appliance's

impedance (2)

Equivalent circuit of the battery charger

Z\(1) : isgiven as a cascade connection of
Z"\(1) and Z(2).

Z"Y : total impedance

Z():. AC-power-supply Z?:electric
cord appliance
191Q
A
o—qcoshyl . 1 %Ig.ui-i
Zﬂ' anh “ﬂ 13.0 nF
|

inh vyl
L}—?%Y— cosh Y!P—C'—WL

25.0Q 51.0nH 66.6nF
IR

Z"(1) : four terminal Z"(2) : two terminal
network, composed of a network, composed of
distributed constant lumped constants

circuit

Z2) Zy coth(yl) + Z2
Z2) o Z {.'{'}Lh(’“}r’ij
R+ jwlL _

\ G+ jwC
characteristic impedance

7 —

Zy =

v = (R+jwL)(G + jwC) :

propagation constant

[ - AC-power-supply cord length
R : registance per unit length
L : indactance per unit length
(7 : condactance per unit length
C' : capacitance per unit length
These values are similar to

the distributed constants of a

VVF cable



Influence of the length of AC-power-supply cord on the appliance's
impedance (3)

Equivalent circuit of the battery charger (2)

The distributed constants of Z™~(1)
R=0.400[Q /m], L=650[nH/m], G=0.600[m MHO /m], C=40.3[pF/m]
|Z| (ohm)

|Z| (ohm)
1k 1K —

— measurement  5m —'mEEEl:sulrén:en't O
_________ eC|UIV3.|ent equivalent Circul m

circuit /

100 %, 100

' v 2 .
‘t L r
L ¥ 1 ¥
PRI,
AT
w2 \

. . . 10 . . . . . . .Om. .
0.1 1 10 100 O 10 20 30 40 50 60 70 80 90 100
frequency (MHz) frequency (MHz)

(a) frequency axisin log scale (b) frequency axisin liner scale

10




What causes attenuation? (4)

Power-lines’ impedance and its dispersion.
(24 outlets of Lab.)

probability

1Z| (ohm) distribution

1k . | r s 1 0 MAX
4/ 91.0%(MAX)

[ _70.8%(MAX)

i 50.0%(MAX)

100}

107 " \ 20.07%(MIN)
. ; 70.8% MlN)
1 91.0%(MIN)

100%(MIN)

0.1 . .
0.1 1 10
frequency (MHz)




Transfer function (loss property) between the
same-phase outlets (in Lab., 44 cases)

loss (dB)

<450kHz & >30MHz: not sta

D

e

_4_|

X

3

100%(max

e QO.Q%(maxg
%f 70.5%(max)

70.5%(min)

 I\_90.9%(min)
“A_100%(min)

100k

450K 1M 10M

fre

- 35M
1M 20MHz: small loss



Transfer function comparison between the
same-phase and the split-phase

Phase coupling loss:
10dB at low freq.| No phase coupling

loss at >1MHz

[dB] probability

' | ' | distribution

100%(MAX)
1 91.4%(MAX)

= 70.2%(MAX)

1150} 70.2%(MIN)
. 91.4%(MIN)

”_FJQLMMJ_N)

100k 450K f1'M ] 10M 1 1'0
requency (nz) frequency (MHz)
same-phase outlets split-phase outlets (in the same

Lab., 47 cases)



What causes attenuation? (2)
Phase Coupling loss

Same Phase Communication

Distribution
Transformer
L1
| Current Path |
PLC
Device E;Eige 100V
6,600V
| | N 200V
7 7GND 100V
L2

Figure 1 - Same Phase Communication

http://www.1ntellon.com/docs appnotes/26001087.pdf




Phase Coupling loss (2)
“Split” Phase Communication

Distribution
Transformer
L1
|
PLC 100V
Device
| N 200V
/GND PLC 100V
Current Path Device
-30db to -50db
| L2

Figure 2 - “Split" Phase Communication Without Coupling



Phase Coupling loss (3)
Phase to Phase Communication

Through a Coupling Device

Distribution
Transformer
| L1
Current Path
PLC
Device
| N Coupling
| Device
7 _f'rG ND PLC
Device
| L2
|4 | N L2

i_L._J-L_ Ao M r
| rv‘wﬂww

Figure 3 - Phase to Phase Communication Through a Simple Coup

Figure 5 - Advanced Phase Coupler Example Schematic



Demerit in the conventional PLC using low frequency band

Signal distortion (1)

If the Impedance-frequency characteristic
IS static, the equalization is possible.

If not (i.e., the characteristic changes
dynamically), it is not easy!



Signal distortion (2)
Switching model of power-line channel (1)

Input AC voltage and current of a switchmode power
supply

x %

= @ L = +
A 100Y L |Switching
BOHz @j regulator Dl

11

—_— =

Condition (11 (21 (1) 2 (1)



Switching model of power-line channel (2)
Transfer function model of a power-line to

which a TV Is connected

Switching rate: 240 times/sec

Power line channel

o

;}g,w. Condition (2) :

I 1 Condition (1)
4.09Q = |
: | 62.2nF 29HuH |
E $80.0Q |
24.8nF

: 195uH “-

© l
(a) Modeled circuit

(dB)
g gﬂnditicmE 1 } —
# ondition(2) ----
& 'h' .'llﬁl"
10 / II| )
HAH /S
0 o E E— \ X
Output | ’ "9
-10 '. ,« ) 5 R
Illu;' I'._
-20 : ' : :
> 0 100 200 300 400 500 600
frequency (kHz)
(b) Frequency response



Switching model of power-line channel (3)

Waveform distortion

Transmitted signal-waveform —
Received signal-waveform —

(V)

= D Ry =
—I"
| T —
| Y
[ -<ca i |
|
‘:.-=‘
-:':.'___:—|
P
- 1
M
E‘IEI

(a) Condition (1)

(MR AR RARRMA LM MA MART
LMW NN WY UMY WMWY WY

— flme

(b) Condition (2)



Characteristics of power-line as a communication channel '

Summary

Why the high frequency band is suitable for high speed

PLC?

Frequency
band

Noise
Attenuation

Signal distortion

Low High
(<450kHz) (>1MH2z)
High Low
High (a) Low
Phase coupling

loss

Large Smaller
Static (1), Static (2)
switching

note

EMC regulation
(a) low
impedance  of
appliances

(1) resonance
of EMC
capacitors

(2) multipath



High-speed/reliable products (1)

Modulation technique
multi-carrier, e.g., OFDM, or
spread-spectrum (SS).
Protocol
Handshake base protocols for the robustness, and
QoS(Quality of Service) support
token passing
CSMA/CA



Nikkan-kougyou shinbun, 2001.1.18 (Japanese)
Implemting it on the chip

High-speed/reliable\g{oducts (2)

BPS NOTE
HomePlug USA 10M Bfed on Intellon’s
technology
ltran Israel ||1.5M-- partnershi%) with _Microsoft
10M
Adaptive USA 10M Multi home token passing
Networks
Cogency Canada | 10M Member of HomePlug
Inari (Intelogis) | USA |2M/]12M | business relationship with
Thomson
Nsine England 3M Very low-cost ($3)
Mitsubishi Japan 3M 10k-450kHz
Siemens German 1M Internet Access
y

Proto-typeisavailable.




High-speed/reliable products (3)

P rOtO Cco I http://miyabi.ee.ehime-u.ac.jp/~tsuzuki/PL C/hi Speed.html
developer access modula- | trans. rate| carrier | trans. power, error correction, etc.
(vender) method tion (bps) (trans

bandwidth)
Adaptive Net- | Token passing | DS/SS ~ 100k (140k | ~100mW, AGC, BER<1e—9, FEC, ARQ,
works, Inc. - Raw rate: 268.8k bps
(Busicom) 450kHz]
Intelogis, Inc | DSMAT, 350k 5.5M | 50mW(?), t: Datagram Sensing Multiple
CTPz Hz? Access, i: Centralized Token Passing; Net-
work Starter kit: USD59.99
ITRAN CSMA/CD DS/SS 2.5M ITRAN and Microsoft have joined forces to
(~12M) co-develop a uniform PLC based platform
for home networking and home automation
Intellon CSMA/CA OFDM 14M (3.5~ | FEC; 84 carriers, 156 kHz spacing, Auto-
16.5 matic channel adaptation; Carrier modula-
MHz) | tion methods supported: DQPSK, DBPSK,

ROBO




developer modulation trans. carrier note
(vender) rate (trans.
(bps) bandwidth)
PowerTec OFDM 100k 9~140kHz (4.8~38kHz)
Mortel  and 1M (2MHz between 2. 2MHz and 10MHz) Digital PowerLine was
MNor web installed at the school in November 1997.
DS2 xDSL 1m?
SIEMENS OFDM 1.2M
Ascom, 1.3M [~
Switzerland 3M)
Poly Trax DMT  with | 2M (<450kHz)
(Power  Met | OFDM /QAM(T)
Com, Japan)
Keyin e Power-line Local LoopDistance : up to 6,000feet
Telecom (10M) (1800m)
Enikia, Inc. 10M Works with off-the-shelf Ethernet controllers
(MACs) 10M speed over household powerlines
Ambient ~25M
Cogency HMT-55f 25M (~ | (CENELEC Bands local access(1M-10M) Home
Semiconduc- 100M) network(10M-(25M-50M?7}}); (Old name: Power Trunk);
tor Inc. t: Harmonic Multi-Tone Spread Spectrum
VideoCom, FM ~100M | (15-30 upto 25 miles(40km))
Inc MHz)
Media Fusion | Advanced Sub | 2.5G United States Patent: 5982276;

Carrier

Modulation




Direct Sequence/Spread Spectrum

(DS/SS) modulation

(2)
PN sequence
generator

(1) Data 1

(2) PN sequence T: [I_ i .j.-_-j__ i .j.-_-L_ | .j.-_-lj__ | -J

(3) Product signal  _1 tI_ RI[INN . _._.__El__ Jid L1 J

W 15 chips |

e PN sequence: pseudo-noise sequence

* spreading factor: W/R=15=number of chips

P.S.D.

.0 ¢ f
2R
(a) Before spreading

P.E‘::.D.

¥

—2W

(b) After spreading

e P.S.D.: power spectral density
(watts/Hz)



Spread Spectrum (SS)
demodulation (1)

(1) Received . . |
[Chennel signal (1) Received signal L] L] 1L L1 |
CLorelator _ (2.a) PN sequence T 0 H_lHH_ -
q (correctly synchronized) 1
E _ (3} [Low-pass|i _ (a) i i i i i
: filter 41 | ; ; : ;
| (2] : (3.a) Product signal of (1) and (2.a) l e |:
Local PM-seguence -1 i ; : ;
generator ;

(2.b) PM sequence
(not synchronized)

_|Drecision| Qutput (b}
stage | data

(3.b) Product signal of (1) and (2.b)

(2.c] PN sequence
(c) < (different sequence]

(3.c) Product signal of (1) and (2.c)




Spread Spectrum (SS)
demodulation (2)

In the demodulation,

the received spread-signal can be demodulated to be
a narrow signal.

On the other hand, the noise is spread so that its
P.S.D. becomes low.

o Therefore, SS modulation is robust to the noise.

x Since the SS modulation consumes a broad

frequency range, it is not easy to realize high
speed PLCs. CDMA(Code Division Multiple Access)
technique is needed additionally.




BPLM-100B

(Busicom, Japan)

IC: Adaptive
Networks

300bps -
100kbps

DS/SS
modulation

token-passing

dBm (Inser’non Ioss of IfF 5 not conmdered )

-20

spread spectrum S|gna|

line noise |

| |
140k 450k

R

0

100k 200k 300k 400k 500k
frequency (Hz)

600Kk 700k



IH (Induction Heating / Induction
Heater) cooking-heater

[volt] P.8.D. (dBm, Insertion loss is not considered.)
05 A E——
IH-heater

0.4
0.3 -10
0.2 =20
0.1

0 =30
-0.1 ’( A
02 -40 lﬁ
_ i
03 =501 “
-04 1/120H J

« . ' “_ IH-heater

05, 5 4 g 8 10 12 14 16 18 20 %0 100k 200k 300k 400k 500k GO0k 700k

time {msec) frequency (Hz)



S BPLM-100B +
03] IH'heater

0.2 BPLM-100B

(volt)

[volt]
0.5 IH-heater

8 10 12 14 16 18 20
time {(msec)

[

(Sl
o
oL

1/120Hz

_0'50 2 4 6 8 10 12 14 16 18 20
time (msec)




BPLM-100B + IH-heater

0

-107]

P.S.D. (dBm, Insertion loss is not considered.)

- ﬂ‘ BPFLM-100B + IH-heater -

\_BIF_*LMJQQEL

'IJ

Mmm

N0

100k 200k 300k 400k 500k 600k 700k

frequency (Hz)

0

-10[ ||

P.S.D. (dBm, Insertion loss is not considered.)

\ J_lnm

N IH heater

- ‘ BPFLM-100B + IH-heater -

SSisrobust tothe n(_)ise.

Y0 100k 200k 300k 400k 500k 600|< 700k
frequency (Hz)



Multi-carrier modulation for the reliable
communication

2 carriers’ example: PLT-22 of Echelon Co.

Aqnplitude (V)
15Kkbps o fixed 2 carriers of 132kHz

1] S — | and 115kHz

e 5kbps
o“ ”MM « BPSK (Binary Phase Shift
Keying
-0.5¢ |
Py cf. Echonet (type B)

0 02 04 0B 08 ! evariable3 carriers
time (msec)



PLT22 (2)
Narrow band interference’s case

P.S.D. (dBm) ~.5.D. (dBm)
-20 ; . . . . ; 20
_30l Pr.imary | apl S%ﬁoﬂg?ry
Signal (132kHz) anﬁ\
~40| - 1401
-50¢ S0t
-60 ¢ 60}
-70f 70t i w
ol [PV il g M“ - . 132K W
60k 80k 100k 120k 140k 180k 180k 200k GOk 80k 100k 120k 140k 160k 180k 200k
frequency (Hz) frequency (Hz)
When SNR>37dB, When SNR<17dB,
uses only primary carrier uses only secondary carrier

(signal=14dBm, noise=-23dBm) (signal=14dBm, noise=-2.7dBm)



PLT22 (3)
Residential power-line noise’s case

— PLT-22 without noise

[dESm] — noise (Echonet’s PL model+IH heaterjonly Both carriers were used
10} - alternatively, but
-20} ‘ - communication was impossible.
-30} / -
-401} ‘ :
Cf. Echonet Power-Line model
:Zg length: 21m
ol branch:5
a0 | | | | | | | inverter fluorescent- lamp: 24
40k B0k 80k 100k 120k 140k 160k 180k 200k incandescent-lamp: 2

Freqgency[Hz]



Residential power-line noise’s case (2)

SNR In high frequency band (1)

P.3.D.[dBm] for noise Noise is the decreasing

loss [dB] for transfer function :
1 rianserdneRon o o function

0 - >3MHz: good SNR can be

hoise (Echonet’s PL model+|H heater) only 9
10 e - expected
-20¢t . : ]

TN transfer function _

=50 | ' E '_.:_: .
sof \
70!
801t
-a0

5M 10M 15M 20M 25M 30M  35M
Fregency[Hz]



Residential power-line noise’s case (3)

SNR In high frequency band (2)

F.S.D. [dBm] for signal

-10

=201

—30 [,

—401

=501t

601

-70L

-80

loss [dB] for transfer function

transfer function
/ o carrier. 12.5MHz

£
\"-" e,
SN,

S

Sm? 0,

carrier: 9.26MHz

o~ SNR

=6.67[cB]

BM M 10M  12M  14M
Fregency[Hz]

Spectrum of a handmade BPSK
transmitter of 200kbps

carrier frequency is variable.

In general, SNR in the high
frequency is better.

Adaptive selection of carrier
frequency is needed to achieve
the high-speed & reliable
communication.



http://www.inari.com/2mbps/2mbps_spec.html
High-speed/reliable products (3)

Inari (formerly, Intelogis): IPLO201

Number of carrier: 4
Trans. Bandwidth: 3M - 8MHz
bit rate:
2.01Mbps for QPSK
1.01Mbps for BPSK

Evaluation broad: available

Access protocol:

DSMA (Datagram Sensing
Multiple Access)

Centralized Token Passing

QoS control: possible
(guaranteed bandwidth:
460Kkbps)
Security
32-byte encryption array

256-bit Diffie-Hellman public
key exchange

Packet level authentication



Standardization activity (1)

Standardization activities
(cf.http://www.inari.com/tech/standards.html)

CEA R-7.3 Committee

The R-7 Committee is part of the Consumer Electronics
Association which is part of Electronic Industry Association

with the intention of deciding a standard sometime in 2001.
(Microsotf, ITRAN)

HomePlug Powerline Alliance (HomePlug), U.S.A
for a high-speed PLC of 10Mbps

http://www.homeplug.org/docs/website 2.20.ppt



Standardization activity (2)

Echonet Consortium, Japan

support home networks that are committed to energy
conservation, boosting security, enhancing home
health care, etc.

will use power lines, radio frequency and infra-red to
provide a low-cost implementation of data
transmission without requiring additional wiring.

The ECHONET Specifications V1.0 was disclosed to
the public on July 26, 2000.

Note: The PLC forum is NOT involved in creating power-line specifications.



Regulation

Standardization activities for a high-speed PLC, e.g.,
HomePlug)

However, the Japanese regulation is too severe to
Introduce such standards.

Deregulation is required In order to activate research
and development more.



American Regulation
(FCC CFRA47 Part 15. Radio Frequency Devices)

TYPE FREQUENC NOTE
Y RANGE

(conventional) Power Ok- 490kHz |used by an electric
line-carrier system [890.63(g)] |power utility entity

[815.113]
(for high speed PLC) e.g., radiated emission limits :
Carrier current system |1.705M- 30p V/m at 30m distance
Of an 30.0MHz [§15.209]
Unintentional-radiators conducted limits: none
[815.109(e)] [§15.107]

The frequency band from 9kHz to 3S0MHz:
Unless the radiated emissions fall in the restricted bands, as
defined in 8 15.205(a), it isfreeto use, in principle.




conventional power line carrier system, defined
In FCC

defined as: [47/CFR15.3(1)]

An unintentional radiator employed as a carrier
current system[47/CFR15.3(f)] used by an electric
power utility entity on transmission lines for protective

relaying, telemetry, etc. for general supervision of the
power system.

The system operates by the transmission of radio frequency
energy by conduction over the electric power transmission
lines of the system. The system does not include those

electric lines which connect the distribution substation to the
customer or house wiring.




Comparison between Japanese
and American(FCC) regulation

FCC Japan
Conve | Frequency 9k-490kHz 10k-450kHz
ntional range
PLC TX power minimum power 350mW for PSK
limit possible [§15.113] Modulation
scheme limit:
PSK,ASK,SS

Bit rate limit;
30kbps for PSK

Others | Frequency Free in principle,

range excluding a specific
frequencies[15.205(a) none
]
radiated 30p V/m at 30m

emission | distance [8§15.209]
limit




Japanese activities

Echonet
OpenPLANET
Internet service



Echonet

Application Software

Q3| reference
communication)

layer




http://www.echonet.gr.jp/spec/spec v10 e.htm

Echonet

Type A (Matsushita, et.al.)

Spread Spectrum (No spreading code is specified.
Differential coding. Sub-band Delay Detection.)

9600bps
Available PHY-IC: SMK co.Ltd. (2000.10 )
Type B (Mitsubishi, et.al.)

Multi-carrier (3 variable carriers,
DQPSK/DBPSK/D8PSK)

variable rate (4.06k 36.5kbps)
IC will be available from 2001.2Q (?)




Japanese PLC network configuration (1)

150 - 200m, 5-10 houses

optical

Internet access

air

conditioner

sensor

light

cpntroller

OfE
conv.

)

3

fiber

B6.6kV

center tap
transformer

(

i

isolation for proprietary PLC,

impedance matching)




Japanese PLC network configuration (2)

Note on Security issue

When the blocking filter exists
no problem

When the blocking filter does not exist, the signal
goes out; Intercept is possible.

Applications, like Internet access service, Is not
secure.

Presently, the standardized encryption, such as
IEEE802.11’s, does not exist.

Interoperability is the problem.

Complementing technology of higher layers,
such as IPsec, VPN, etc., must be used.



http://www.openplanet.co.|p/html-e/e-index.htm




Kyushu Electric Power Co.,Inc.,
Internet access service (1)

Field test
300 houses
until Mar. 2001
10kHz - 450kHz
max 3Mbps

5 slave
stations@master
station on a pole

collaborates with
Mitsubishi electric Co.

http://pcgaz.nikkeibp.co.jp/pg/pcgaz/minicol/2/col _45.sntml, (2001/02/13)



Internet-access-service experiment
Hokkaido Electric Power Company (HEPCO),

collaborates with Toshiba Co. and Power Net Com, Japan

) shttp://www.hepco.co.jp/press/h12/0126a.html
*Period: 2001.2 2002.3 «Asahi newspaper, 2001.1.27

*Place: company houses in Sapporo city
«7,000km fiber-optic network, already installed in Hokkaido
eTarget service speed: 1.5Mbps

Incoming line ===

100V

Internet - -
| Incomingline Incoming line

Optical fiber

Incoming line Incoming . 1] [][] Apartmen

:J.-LI._: | line | |:| |:| i

HEPCO L — oooo




Conclusion

By introducing multi-carrier modulation technique,

about 1Mbps for low (conventional) frequency band
(<450kHz)

more than 10Mbps for high frequency band
(<30MHz)

will be realized in this year.

The reason why the high frequency band is promising
was explained.

To use the band, de-regulation is needed Iin Japan.



