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Di stributor power |ine comunication system Techni cal
field The present invention relates to the field of

w@oewenodssne commruni cati on (PLC). Background arPpCT/RP10h&058118

com ng years, utility conmpanies, in casu those that
operate distribution networks, for electricity, wll
start replacing nost or all F their el ectromechanica
Ferraris neters by so called "smart nmeters" that can
be read renotely. Several ways to comrunicate wth
those nmeters exist, but one in particular is ideally

suited for the, task, namel Povver Li nethrmu i cation
or PLC. It & n the

hands of the LV network operators themsel ves and it is

a nmeans to get "plug and play" operation as the neter

I sTachoival fiekd | y connected to the comruni cation
platformasthe neter is branched to the |ow volta .
net wor kThEr GReISPerineertion afq|at§§ert0t Heewdiald Pés@lot’\@r line

Sh&&%hﬂﬁ%céﬂdﬁ( Qnunlcatlon Is rather unreliable and

i n“many cases i s I'nterrupted for several hours a day
because a | ot of noise and distortion is generated by
all kinds of appliances in houses and buil di ngs.
FuBagkereurd arthe HFpomer injected by the PLC nodems on

the outside cables or S i s severel i m.ted t he
vory ol BRSO b B SRS EYER I casib oS bt 'oBRrate
L VaR i floh aistwioPkd ﬂﬁ élééﬁ’l@ﬁ?r\ﬁlﬂaﬁgrt'r@ pldethg most or all of their
LV-substation on the power transforner. Disclosure of

t helectromechanicht Fesatis netarsoby s @abedassmarn metens’ toat can be

de liable distribut
P A P Seyeral et © Ghime e e elrose tBetars xish but
thSné n%eg)%,‘rt‘ﬂfbléﬂ“ i iBedipidUiltd! ®r PO¥eGsk! Hamely Power Line

conmuni cati on system shiow ng t he techni cal
ch@oathenicstiorcer BLCL ieoffénsstvocinajomadvantages : it is in the hands

of the LV network operators themselves and it is a means to get “plug and
play” operation as the meter is automatically connected to the
communication platform as the meter is branched to the low voltage
network. From experiences all over the world results show that PLC
communication is rather unreliable and in many cases is interrupted for
several hours a day because a lot of noise and distortion is generated by
all kinds of appliances in houses and buildings. Furthermore, the HF-
power injected by the PLC modems on the outside cables or lines is
severely limited by the very low and varying impedances seen on the LV-
connections to the customers and in the LV-substation on the power

transformer.

Disclosure of the invention

It is an aim of the present invention to provide a more reliable

distributor power line communication system.
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The distributor power |ine comrunication system
according to the invention conprises. - a

W@ ooveneiseat i on server, provided for sendi ng aneCT/EP2008/058118

recei ving nessages over a tel ecomunicati on network, -

a power distribution substatign conprising at |east

one transfornmer to which a poWwer distribution network
towards end users is connected, - at |east one

gateway, provided for transferring nmessages fromthe

t el econhbisi aim isoAchievedraccondiog gowbe invaekorpiwithha distriobutor

power dj.stributiaon netwrk and vice versa, th -

moBauEE LG RorRUNIGHAN FYSEY BIHRSIE Seqiiicrl tDrracigrstics of

fr gUGREYakand used for power |ine communication, - a

plurality of smart netering devices at end user mains

net wor k§he efsthbbier nypwerdinedeamframicatimsusystempacearding to the

consunﬁtion b%.thg respective end user and conpri sing
GBYOM CARPESAPUNi cati on nodem connected to the

power. dihStphi bion: et f [ receiui -
Peehged” COPRIIRIGHE S8tk BroiGEy 8 SBRIRECENY Meceiving
t he poweresdagés bberta telecarhmonicatibheetwotiem of t he

invention is characterised in that it conFri ses power
line 'co%ﬂﬂWQfeQ'%'ﬁUf'@rl‘ tSEP%taBﬁ”tQQéan&m al |§@st opgiteansiormer
connect 4 hg,pewer p%/%rrrﬂgﬂﬁt}uﬂ%nn%@f\ﬁé& 00 atdie &R users is
user mal ns networKs, as well as on the power 1ines

whi ch coomesited he power distribution network to the

power distribution substation. Each of these filters
conpri saklegst peeigriewavpRiovites fostransiriknggnessages from the

: . g . |
wht on 1 oAb g ool it MRS IBE power
t he povgistriugiohi hetivork dief \Weekvdrda, e passshgescomittélpower

solution according to the invention renedi es sources
of pertinesabepasna pradesenmiseddeeawencyvandi urgd fon pomer line

communication,

- a plurality of smart metering devices at end user mains networks,
each being provided for measuring power consumption by the
respective end user and comprising a power line communication
modem connected to the power distribution network for sending
and receiving messages within the predetermined frequency band
over the power distribution network.

The system of the invention is characterised in that it comprises power
line communication filters on the power lines which connect the power
distribution network and the end user mains networks, as well as on the
power lines which connect the power distribution network to the power
distribution substation. Each of these filters comprises filtering
components for blocking frequencies within the predetermined frequency
band, which is used for the power line communication over the power

distribution network.
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one hand, a filter that isolates the power
distribution network fromend user installations on

wo bmoPo86d r equenci es used by the smart et eri NBCT/EP2008/058118

devi ces, concentrators or external PLC nodens, and on
the other hand, a filter that ssepar ates the power

di stribution network fromthe“very | ow and varying

i npedances seen on the power transformer in the
substation, while having m nimal inpact on the power

di st ri blbé opropnsesr keahnicake salifion f aecprdingy . toTHbeus'm;vention

o pETHETBY SAHiHR o rERaR TG oM, Poffh 8 e, e fsertng, B the
ODSH@tMnanJ RR& Yhdte’%!a'f&d the p"éﬁ\%‘? &l@l‘?lbﬁhgn %\WSFR from end

running and can hence offer a'large cost benefit
Fuuseremabaltatlonheors|tgadPL®ofremuesrmm$usedclay1 the smzprrt agvetring

a |,ot, so that | ess retransm ssi ons require

o nSYiheS A Cantr A OE PRI AL R Te G 7 B8 BpigE hand, a
oo S3pRISSN, BO0R IRBaR ERBLALY i h&aR low ana
bavahyirdf impeeatcashaeefrS dhe qrdveer branstisrtieh in the SubStatIOI‘]
[ neff| ci ent nodul ati on schenes whi ch are conmonl y

f oW Wd‘%vd)”g HRNIPEhdPPafs OPhEE PEWST r@SW@PBO'&Jﬁ%{B’P{K/ at the

an l%/\ﬁ cy becone feasable. In preferred
en‘&gl [ rren?s, %;ch power |ine conmunication filter is a

passi veThel isg ofi theset filarepears i dcumsiderablyt retlueet thes recurring
conmponent having a first predeterm ned i npedance for
bI gaﬁraﬁggt ﬁ@dpﬁéﬁj@"{%‘ﬁﬁpﬁe@%tr dgiudhey nSWKUQQGFEFt@F normally

%I e qs k%%mg' ol %gé‘[gﬁpﬂm?\ﬁaqféﬂgggﬁlh%% ocl‘fer 2 large cost

hav a se paSS|n

se@@mhtf F@qu@ﬂﬁwreband W@&ﬁﬁs@gaﬁ@%aﬁ%@&nbf&Qde@W SO
of the power distribution network. An exanple of such

a et Javegsi ratenseisyons &E@rfpﬂw@@ angethsr ugeraf more efficient
DR PSSRl PR 80 o ORI Gob SR & orer o
neFaV‘@érkbaﬁéwtd?I@ éﬁ‘ﬂéﬁeHé}ﬁr( 'Béﬂaalsbé‘édj QAividBavbyHandwidth used)
i npedances in such a way that a rejection frequency
baifhénc bS&r on@tmefebandwdth inefficient modulation schemes which are
commonly used for PLC so that functions that require more capacity and
lower latency become feasable.
In preferred embodiments, each power line communication filter is
a passive filter circuit comprising a first electric component having a first
predetermined impedance for blocking the predetermined frequency band
used for power line communication and a second electric component
having a second impedance for passing a second frequency band
encompassing the mains frequency of the power distribution network. An
example of such a passive filter circuit comprises one or more parallel
resonant circuits, for example LC-networks, which is inserted between the
power distribution network and the end user installation, having
impedances in such a way that a rejection frequency band covering the

used frequency range of the PLC modems is obtained. Preferably the
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used frequency range of the PLC nodens is obtained.
Preferably thecenter of the rejection frequency band

wo so0oabodsenst two decades hi gher than the mai NSPCT/EP2008/058118

frequency to limt the inpact of the filters on the
transm ssion of electrical power on the mains

frequency. According to preferred enbodi nents of the
invention, the filters can be installed either in the
smart netering devices thenselves or external. In both
casenter beths @j@@tiqufremermycbanw'srﬂtHaestttonéedaqe@dtigher than

et Al TR ARl T hinacht i MG & Begbagmission of

di gfekiriddl b@WeF‘Sﬁ‘@ﬁé'ﬁwéﬁ@f@heéhé&ﬁd with a F’LC filter.
Thi's can i nclude any unnetered drops |ike often used

for pubAcoorIdlrmm pr@fearmsd embeﬂhneretstm‘dhs inventionhthe filfers can

a an r ex e provi d at the supstation
Oobe RYaliey e e b ha mR I G Yichs IBemaPIeS 1t atemnal,
pr ﬁ;{)ﬁétrhegaéae@o@@ SERAI o P%Crﬁﬂbée&aﬁgg‘@d Pedhfected upstream
combined wth one“or nore of the power

cofroomthesftiteo(s) nodens, so that no separ ate gat eway
needs to be provided. This neans that

comuni Batieo Oﬁépﬁéﬁe@WWWF,V%”S&W'%”H@” drops from the
hQO\QQF S Yb AT hetWd %Ig??é‘g cgﬁdéocﬁ/ﬁh %ﬁ_ﬁﬂﬁsflslfc()alr.ﬁ]’rﬁlgﬁcaﬁfslnclude

ateway snmart ne evi ces

ex:amerminyeteﬁéd/@no@mthkek@fterf wsedxMpublichigghitimge anettelephone
tel ephone |ine, or any other tel econmunication network
pr Ba@l§t ORethefie end user installation is used for the

communt £aLE A RELURCH Be BB (AILREPHE SEHKBon, o

The tel'ec on n & any” wr

t eblgeamardie &id gam@etdmrubumwetwmt Ive appresied lnbstiment,
in the art. In case nmultiple gateways are present, the

ga@@w e ghiswaysransecarnbinefewithe @NEr@nMoFR: 0b e power line
e cAtRF e RSy sbe e o reSod Bl B PBY: Hblirs o be

W' bROVRIER RIS | rAahh® Mhat iR taReniMY@idHs befWedis ®he PLC server
and the non-gateway smart metering devices occurs via one of the
gateway smart metering devices. This solution is extremely convenient
when for example the internet, a telephone line, or any other
telecommunication network present at the end user installation is used for
the communication between the gateway and the PLC server. The
telecommunication network may also be any wireless telecommunication
network known to the person skilled in the art. In case multiple gateways
are present, the gateway function can be transferred from the one to the
other when necessary.

In preferred embodiments, the smart metering devices may be
further provided with a communication interface towards end user
appliances, such as for example a local area network interface, a wireless
interface (e.g. Bluetooth), a home power line communication interface or

other. In this way, for example, the power distributor can achieve control
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appl i ances, such as for exanple a |ocal area network
interface, a wireless interface (e.g. Bluetooth), a

wheow/ompseer | i ne comuni cation interface or otPEr/EP1008/058118

this way, for exanple, the power distributor can

achi eve control over honme appl Lances such as for

exanpl e electric boilers, heating devices, washing

machi nes, dryers and the |ike, or other appliances,

and switch themon/off according to a given timng

scheere holg sappdiances usuchi raSaforoeéBGIplle neleetrit] hoilgrswareating

ti whi ch b f | th ' .nt of
SO e e by Aol BB,
Thewitel ﬁférﬁ%/&@%c@br%@n@ﬁ) HSfder ﬂrrﬁr%‘%ﬁém@t 'Tﬁfs can result in
consunption metering devices, such for exanpl e

wageroaardll gasre:cﬁlmmmmerononmrepilorg tzmmrnes bemedibiail rfg>m the
renpt e r?ad 0 of these a

descr

{ hURHPTnglo SR AR BIPCHCTPNb Y ANSPPH oA G ey bied The
byiiE#% g.f ant Bisd Bd QR0 tge ?ﬁrﬂé}% %eﬁné’orﬁéﬂﬁn@&ﬁ’?'}ﬁ%nng
figures. Figure 1 schematica OWs a genera
oveevicesy elictii astfoenekxaﬂnpient/\/amér andi ghsi borhsu’mptumermeterlng
i ne conmuni cati on s stem according to the invention.
Fi geYiees enahngreeel W%dne%f’fat Qéﬁgﬁén’e'bver view of a
second enbodi nent of a distributor power |ine
comuni cati on system according to the invention.

viet desghiptioncohieedidaviagsed schenme of a preferred

odi nent of a smart netering device according to the
i nvent i bheupvention: willhag fertimer elucisiatedy byrngane of teedakowing

a e. det aj | sche f. a eferred enbodi ment of a
nﬁ%crwgﬁgaehget%&#p@iﬁ%g flﬂ“(ﬁg ')g to the invention with

i nt er nafiggk& f1l Ié@ferﬁv&caﬁygtsh@w% S'J‘ngénémn'@lvéﬁné\ﬂ/ of first
sinpl e and double filter schematics. Figure 6 shows

i npedadreenfr afpa Hisifibetosmeverdingptemandichiion system according
to the invention.

Figure 2 schematically shows a general overview of a second
embodiment of a distributor power line communication system according
to the invention.

Figure 3 shows a more detailed scheme of a preferred embodiment
of a smart metering device according to the invention with external PLC
filtering.

Figure 4 shows a more detailed scheme of a preferred embodiment
of a smart metering device according to the invention with internal PLC
filtering.

Figure 5 shows examples of simple and double filter schematics.

Figure 6 shows impedance graphs of example simple and double
filters according to figure 5.

Figure 7 shows an alternative embodiment of a smart metering

device according to the invention.



10

15

20

25

30

filters according to figure 5 . Figure 7 shows an
al ternative enbodi nent of a smart netering device

wa@ewondisey to the invention. Modes for carryi ngPOUEP100&058118

i nvention The present invention will be described wth
respect to particular enbodi ngnts and with reference
to certain drawi ngs but the invention is not limted
thereto but only by the clains. The draw ngs descri bed
are only schematlc and are non-limting. In the

ﬁo he el enents may be

Sﬁ?%%iéiﬁé?m%é‘%nﬂﬁ@ﬁ{s e FiEs A Wil SRERS I Rerticular
oo IRESS 1 S arbaRes Ty T T S

practice o e invention. Furthernore
f i nst |imited athdretohbutdormipdby tiee Iddimsi ﬁ'rtehdraal/asgsicmsicabed are
and | n the clainms, are used for distinguishjng betwee

i Ry cheraerd arinRBIMie@soalie JravBasidSeSias apsame of
é‘ﬂeh?ént? [W@P raggb%d Uridfhot i 6h Teaft] for illustrative

rchangea ropriate clrcunstance

t hﬁu ipoised) m@bﬁmemsubhe ano\thetrelitive alimepsioat &lo mbtomdwssarlly
sequences than described or illustrated herein.
MbPBGIONG i9cagtealrgduslionpior Rregfice obhe inMeetiorand t he

| i ke in Bnﬁeﬁﬁgr%“t%' i (Fi{éth%e%l)%nﬁhl?& rPdS%He Ke in the

descri pFI ve purposes an hecessari|

degésdription ared B theeclaas tarenssedfor dlﬁ[ﬁ@lémngl@@d/v@ére similar
i nt er changeabl e under approprlate ci rcunst ances and

t helesigidsliamgdmad necesparily foedesernibiae acseantiak pechrangiogical

PR TR BB IR BRIo B ARG R Fremstances

C| ahdihe SSHABLEINits RF thet |ﬂ(/§|ﬁt¢5r€‘éaﬂso;§@'efé] i @ §éq'=l§bnces
to the means listed thereafter; it does not exclude

ot than @ewﬁ@ﬁds)roliu&tm%herelnneeds to be interpreted as

SPect U\, W YEARE 85 bl LEE VG4 atp e the

NOYe R rRftloHd8nd NBePEIBRRE CeOlis@fidbt IdR8cAbtivRN BuRbodBR" 8nd not
necessarily for describing relative positions. The terms so used are
interchangeable under appropriate circumstances and the embodiments
of the invention described herein can operate in other orientations than
described or illustrated herein.

The term “comprising”, used in the claims, should not be
interpreted as being restricted to the means listed thereafter; it does not
exclude other elements or steps. It needs to be interpreted as specifying
the presence of the stated features, integers, steps or components as
referred to, but does not preclude the presence or addition of one or more
other features, integers, steps or components, or groups thereof. Thus,
the scope of the expression “a device comprising means A and B” should
not be limited to devices consisting only of components A and B. It means
that with respect to the present invention, the only relevant components of

the device are A and B.
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ot her features, integers, steps or conmponents, or
groups thereof. Thus, the scope of the expression "a

waleawpoesennpri si ng means A and B" shoul d not beCT/EPiod&a5S118

to devices consisting only of conponents A and B. It
means that with respect to thz present invention, the
only rel evant conponents of the device are A and

B.Figure 1 shows a first enbodi nent of a distributor
power |ine comunication system according to the

i nvent i biguré pahowd iawéirstoﬁmmbl&aemto@fsaard}etribmtdrspower line

CPOBRAOR | O B BRSSO By TRRGLPR bk gipwer  line

SUBSHAUAERtRDNCEEME! 368 RbvidBaSbr @Qﬁdlhpaéﬂfdc %d@?\ﬂ@ ‘?nessages

whi ch a power distribution network owards mulTiple
endversarislei:qm;muonabom aguitwork . dheowferwdistrioution stubstation 3

f f h
P BHass ALIBEhaN S LRASTORTE! S i a PG Cistiipgionyretwork 4
LN PRSIl dRULESR R BB fochodhiY b ofRifen 19 WRown. A
nessages on ower |lines are etermn

f r galeerayyo translfeus aibsbagep froaT tHel tekecoonmunicatidn oatwdkk 2 onto
smart neteri ng devi ce 7 havi ng power consunption

mefuPeyERhiingeAf dae @qvgerpﬁlévibaéan dietwaenh4ednf yissy versa. The
eSSBS %, T 0 1 BN FRORO TR 0 Pbane

the respective e rrse

pousgd ffmmpowemﬂmmlo@aimomcmm&n@mm@tbadgtdevidee7 having a
power distribution network 4 for sending and receiving
ne@@wgegomrnpvpm ReqHUEBERt AEWIEE 9 FegiRMitsd Bbﬁac%\ﬂé‘ld user

1 e FertiR i IoThRAR R MR s pRASAHRR Pl dbe spopocive

fi éh@fu%eﬂorhlébembetﬁ%oﬁ%és@ pe&weihg toamneichtidrheodem 8
power distribution network 4 and the end user nains

ne€Qwtecied o 48e \paweragissibution nedwerk #ifeesenringnand receiving
ai BRERhoes arRGbi TR G ARSR Ry hy | e S oower
T T B TR Sy T er Coniy Soa pqwer fne
wheemmunicaion filtars t1ife Tdome the ippwee dnasinvioeh connesteghe power
t hgisﬁ%ﬁigndrimesthyrlpﬂtér% thr]e(atewgruksef’r mains networks 5, as well as on
the power lines which connect the power distribution network 4 to the
power distribution substation 3. Each of these filters 10, 11 comprises
filtering components for blocking frequencies within the predetermined
frequency band, which is used for the power line communication over the
power distribution network 4.
The filters 11 of the system of figure 1 are parallel resonant
circuits, for example LC-networks, which are inserted between the LV-
connection and the house or building installation 5 in such a way that a
rejection frequency band covering the used frequency range of the PLC
modems is obtained. The frequencies most often used for PLC are in the
Cenelec PLC frequency bands A (9 — 95 Khz) reserved for utility use and

C+D (125 — 148,5 kHz) for use inside buildings, but band B (95 — 125
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The filters 11 of the systemof figure 1 are parallel
resonant circuits, for exanple LC networks, which are

wo p®enomsed bet ween t he LVconnecti on and t he houB@T/BP2008/058118

building installation 5 in such a way that a rejection
frequency band covering the uaed frequency range of

the PLC nodens is obtained. The frequencies nost often
used for PLC are in the Cenel ec PLC frequency bands A

(9 - 95 Khz) reserved for utility use and C+D ( 125 -
14BH3B) ki) alssr besuséchdiydenduisersndse brapdsedds@ution can be

125kHz | d by .end .. Ih d
B eIk ToR AT e PEFC TEHESHRIRS 41960 1rdearabh e eraeeot the
gsﬁect%nefrglf]@@rlléﬂl bBRd G&Ht GEa st Md"@e&ﬁdﬂ@é:hiquzrfthﬁﬁ 4REGHains

a Is at l'east” two decades hi gher than t mal ns

f r kgQeerngy tooliritiheé impect ofphetfillers bhahéitiansnsssiontdieslectrical
transm ssi el ectri cal _power

f, t.h [
f 1 BRNERBD. hednaigs TeRkiSRGEY nSOr PR AMA S egeReY of F Hz, the

ce id i | f U $ii f

i onger BBt fbrcy FRRTS EroRR RidkleR RAT8080 He
vi rt ual Teborésutt ris uaksoofthatheh®L driuakgsteorti escuitaudethedoyPLC
the building installation 5 and connected appliances

| STTPRHBNGIES aRaUSRS sBY géHfer Bulding ndndielaiiss s and connected
S PErOves | onne
Us &'iaﬂﬂ:%ls'ué trﬁ@o&%%r@nb@%ﬁﬁr&f& P} ﬁ&g@e?é %ﬁ&é Bufidings

or Ines I n ower di's on networ

saige atendateld cowardst tHE owtsides eM ehbled wrelinédhiein the power
secondary taps of the MV/LV transforner and the LV
cadistdusion natwerk davi ng t he substation 3 to renove the

£ anst of e KT8, AReiRER (0 57 R BefRARI 0, sy taps

SegartateMV/Lvetaineforiiee dhélf Breenty ceddies obeaieddlddeng the
substation nake it possible to segnent the

di §wbsta_ti@rn éri_OanegH)V%hﬂﬁétorbCimt&ﬂ $ean hy it PLEF signals because
© OB 3BTk ePh 5 R e shEOTRY, il e
| PR35 e ok vy e gaion ot o
magegingot the distribution area so that a smaller number of connections is
present on each PLC segment, which can further reduce the noise
injected and the impedance drop seen on the network at the PLC-
frequency band.
The filters 11 can be external as shown in figure 1, but may also be
integrated into the smart meters 7, 17 as shown in the system of figure 2.
In both cases the signal of the PLC modem 8 has to be injected upstream
from the filter(s) 11 for the wide area PLC over the distribution network 4.
PLC signals which are to be further communicated inside the building 5
are re-injected downstream from the filter(s) 11 (see figures 3 and 4).
The system shown in figure 2 further differs from that of figure 1 in
that one (or more) of the smart meters 17 at a given end user 15 has a
PLC modem 18 which also functions as gateway towards the

telecommunications network 2. This does not preclude that the first
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integrated into the smart neters 7, 17 as shown in the
systemof figure 2 . In both cases the signal of the

wer@nusdem 8 has to be injected upstream from PECEEP2008/058118

filter(s) 11 for the wide area PLC over the

di stribution network 4 . PLC ﬁi gnals which are to be
further communicated inside the building 5 are
re-injected downstreamfromthe filter(s) 11 (see

figures 3 and 4). The system shown in figure 2 further

di gatemayf bodii theasystent iofuigure 1 ris tiraseninas (well, dmtebt e be

h 17 d 15 h
oGRS T eRsEnad of e et o b il tengeteway
t ef ReAsNERh G trafsteeY Wﬂf trfe ond i thed8®Rr fHedRE8SHUdE

that the firstgateway 6 of the systemof figure 17is
pr esent Innshenahost prefeired cambbeinweritt &8 ddropeefrpmesedistribution

0 Aotk 2 BLEIEY s PO TR, BE Upibtetd ESHs fig often
| 4885 bY.cnpﬂt.ﬁgbna’Qékp%ﬁ&%%d enbodi nent, al |

drops strT bution netvvork4areflltered Thi s
can i ncTI'heIe‘llmrns 1kt aredrdr opsndmekpam‘lltaémewmmtfmrrcwts for
public |ighting and tel ephone boots. The filters

119@@9%15\3%%@ (s8¢ dioves St kkbnaki!).esignadso @g,to limit the
eXaoed o &f g@@%k@{ rﬁﬁtd&b%lﬁrc at mahslf'r&iuausé O(Bg or 60 Hz).

desr grre € voltage dro

i nEUICte@(Iaﬁﬁ)I@tlfﬁﬁén\‘ﬁallﬁeaﬁfumy:o(@%dbw@@ tHah albouit 2 mH this
exanple if the value of the coils is |ower than ab
2 WQ'H@% GEshde; consigdarechdulibediwrte 3 u‘hf'Pﬁﬂe@Jr@ﬁtt @S the

Lo At et s PP, ARy Bb@E PP Ry N £ e S i

COsérle§ dolais sHEr sheért r@itouit eurrestst ararreduesdiaedsafer values.
safer values. Thanks to the very |low coil w nding

r e$hankte the Merelovorek windingtresigianees dnesalepihHe not cause
power .l 0s The e of he hi art of
Ce R TRBRS PR Sty e B0Fla PRarcbal & gpe cenelec
SMBBhET Al ﬂ@é@é@@ﬁ@a%’é‘ Gt Vel Wssrﬁﬁﬂjercmd&@él% and
further Iimt the influence of the filters on the
matagaditos yakesyand han fiencerfyrther lmé toednftpuesntet @f the filters on
sugtain.t nom nal | oad current of
e mains frequency.
The filters 11 are designed to sustain the nominal load current of
the connected user network 5 (order of magnitude maximum 100 A)
without overheating and survive typical short circuit currents on LV-
networks (similar requirement as put on the current coils used in Ferraris
meters). The filter 10 is designed to sustain the full load connected to the
substation or the respective substation outlet at which the filter is provided
(substations may have multiple outlets), as well as to survive typical short
circuit currents.
Figure 5 shows simple Z1 and double Z12 filter schematics. For the
tri phase 4 wire system preferably the same filter circuit Z1 is used on the

three power lines R, S and T. Optionally an additional filter circuit can be
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the connected user network 5 (order of nmagnitude
maxi mum 100 A) wi t hout overheating and survive typical

W@ bwpoomssy cuit currents on LVnetworks (sim | arPCT/EP2008/058118

requi renent as put on the current coils used in

Ferraris neters). The filter I's designed to sustain
the full | oad connected to the substation or the
respective substation outlet at which the filter is

provi ded (substations nmay have nultiple outlets), as
welisechonttioe @@utral/eomqkmt@raN Eboirt plasecnetersupredenadly injection

£ oAb LG S 1TSS i oprSE MRl Sodleihed Bretion
t he San?lg“’é t6e§h(9W§ ‘?M'pbdgnée 'g?ab’r’?’ﬁgf @Qaltnlb% Efﬂﬁ[ﬂg dH8buble

l'ines R Optionally™an additional fil
ci ﬁltenstacxcardlbgmeélgumﬁt Hes crarthat therthudt @ filtél ZFFEr beéing two
ers efera tion of th PLC si |'s
ssmg%ﬁs LhIRECT 1 [ auh 7 b XpsgrgSesharsargcton band
c‘h s.ﬂséaﬂﬁm'a%ﬁ%?ﬂf‘eetv% F’ﬁ@énd# b tﬁesénﬁﬁleeﬂl?é’rg.
e ilters according to figure . It I's clear
that t héhddoveretidn bsedescrib@d dimvegptoposes rphevél aperoach to
L 1-Rl1 -Cl and L2-R2-C2 in cascade, shows a rejection
baH$e WRSEiNe T4iess &IPS Bie BIOPERES: Qo2 mstwetk Biet yeasdeever
of I n | :
apd5a8ned 8 Bahy’ KBbTuniOaIT AT EXbBRCE RBflawide, has
t opigvienovtkiat hever opetdn easmg aadweineedk ﬁrbaicovmsthmkupport
designed tao carry conmmuni cation signals. Experience
V\ofqtmsﬂésﬂ% qirwwttdeé@ Blenmaslemsuthal e dRrarrReagters, and

o ARED 0t Al SRBREL FENABNBR. SR A8k O flrine

pea ffobust bu
ef comAnicEbn it stNNSC Rl bhb@%ﬁ%b@@mbem a “near real
communi cation is still not reliable enough to be

coﬂ@eaéorémmmicaimsyséqn ti me" conmunication syst em

signai  T8e el B BB S RS aitmel e ‘Shhal 1o
si g@.@bSre\% bYPpbé?\ﬁéﬂl|Me2@orﬁﬁ1uﬁcélrdhp%fdn§éléj€!ﬁﬂ WQaIP}ﬂQOaéIB if

such can inprove the reliability power| i ne
commmrlaaiesagne@ya@@eerswlchmer@rove ﬂ‘a@rellalbdéy ahthecpowerline
renove no

communlcatloany several orders of magnitude and can remove most PLC
outages. This makes it possible to use a smart metering system to offer
near real time services to the customers and use it to improve network
utilisation by dynamically switching loads to remove temporary overloads.
Power consumption of customers can be read interval per interval, so that
they can use the system to improve their consumption profile via the
retrieval of near real time online consumption information via the
webservers of utilities.

The use of these filters 10, 11 can considerably reduce the
recurring operating and maintenance cost for the network operator
normally required to keep the PLC system running and can hence offer a

large cost benefit.
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outages. This nmakes it possible to use a smart
nmetering systemto offer near real tine services to

wo bmooussonmer s and use it to i nprove network PCT/EP2008/058118

utilisation by dynamcally switching | oads to renove
tenporary overl oads. Power consunption of custoners

can be read interval per interval, so that they can

use the systemto inprove their consunption profile

via the retrieval of near real tine online consunption

i nf or maf\Bothevisignaietonsigiser vetiga odn uee | intireyed Thdoustar less
of these filters

re

OIS HBEE 2P GOURAC Al i LRE o' Bte s mbdulations
nefiNdrdsPSRE AL QA" BBhH ! Meré&#ﬁi‘iﬂ@r@dt o}'ﬂf&%o dae ofef a larger

system runni ng and can hence offer a |arge cost
bebafhdwidas effleeermygFadatecspesidsdividedi by bandwidth wped) tanaFSK

lot, far |less retransm ssions are required and the use

of Whishe IS COTERGAY  HiRiLIal Fivts SO et BBRIGHR Tephietifire drore
CORS r bandwi dth

of {374 Eé%?ﬂ’d(':5“%3?3&%@%255‘21?3?855%5 bandwi dt h used)

t han FSKigaing Ghshows tmersnmart oeteriigpdelic€ 5 ghedter detail. The
functions that require nore capacity and |ower |atency
betRWnERELHPRAl BIOGKE earsbe ks guREedhart neteri ng

devi ce i reater detail. The follow ng functional

bl ocks v ifipd %}sti ngui shed: - LV input, 14 These are

connect Tles@atd€orthedted baitHeodistripution edwork-4 LV _
out puts, 15 These are connected to the end user mains

net wor kLY output c" Central processing unit with

menory r _neter dat i rmwar e and paraneters,. This
Ton s Kesd R Tl denid NG pSmBRST MBS e,
whi ch cqaéibol s the power consunption netering process,

power |Tne comruni cation process as well as possibly
many ot Gentrpr preessing unit with memory for meter data, firmware and

parameters. This is in fact the most functional part of the device, which
controls the power consumption metering process, power line
communication process as well as possibly many other processes.

The firmware and certain parameters can for example be upgraded
via the PLC WAN interface or the Ethernet interface. So this can be
effected from the PLC server and does not require a skilled worker to
travel to the device for upgrades.

The unit has sufficient non-volatile memory to store metered data
of at least a couple of days. This can include not only the electric power
consumption, but for example also information on the quality of the
supplied power (harmonics) or data coming from external metering
devices for example for gas/water consumption.

- PSU

Low loss switching supply circuit without transformer, provided with

a backup battery for cases of power interruption.
- PLC WAN



10

15

20

25

30

The firmvare and certain paranmeters can for exanple be
upgraded via the PLC WAN interface or the Ethernet

wo pioeibee. So this can be effected fromthe PRCI/BRPIOUE058118

and does not require a skilled worker to travel to the
devi ce for upgrades. The unit,has sufficient

non-vol atile nenory to store tered data of at | east

a couple of days. This can include not only the

el ectric power consunption, but for exanple al so

i nf or maf hisnisothe -Guaodey enabling ih@p?le'ndmg)@mér receiving of

har noni cs or,data c extern neteri ng
dedieestsre vl i e s Rafs eBk hmpt  on. - Psu
Low | osgvzf\oaantdq_t\y%g supply circuit w thout transforner,

provide ackup battery for cases of power
interr ubd)Wo,m)Jtage RILGoWANTVitFs intsrrupter BLE nmedsumeeTeathicirogits for

|1 e s 1Ch ot 6@en ohlho R %It{@fés%ﬂgse?@ve@@&gwﬁq%@@ upon
OB ol bPENSGLENB) @Sy Sk BRAPULRERAL Sl bboRed by

current” and voltage out

di seanseof a’ehmtapprograﬂnemarblet tapifif qleriols, mmmr sotpdly of the
The tariff switching can be perforned by neans of
r eFRRIEMB kD) & thameterperi ods, under control of

t he reat}_bﬁ rﬁ% ock (RTC) of the neter. - PLC hone

Opti ona ace towards the end user network,

i nt endedp t.@ﬁalcw@nﬁc&atbmmdwmb end elisérg@atwork, intended for
appllcatlons . mashln machi nes, dryers, heatlng,

hocommtmicat@@olwn lntauwge appliationss (€. t washings seeghines,

dyant ageous_ begause..it of fers pl g-and- | ay i :
f HBErEnarAing AR dvateh $RNBERe bd ELSa S dnctimdesPect
al Qﬁ%rﬂﬁ?é&ﬁ@bé‘éé&eﬁlﬂoﬁé@ﬂugfﬁﬂd Blay flﬁ’h&ld?%'ﬁ'f?»‘n' cation
i s advantageous in this respect
This can for example be used to connect alarm systems with an
alarm central. PLC communication is advantageous in this respect
because of it is not easily circumvented or disrupted.
— LV Protection >= 63A, 12

This is an additional short circuit protection which is required in

some states.

Figure 4 shows the smart metering device 17 in greater detail. The
following functional blocks can be distinguished. The difference with the
device 7 of figure 3 is that the PLC filter 11 is integrated.

Figure 7 shows an alternative embodiment of a smart metering
device 27 which can be used in distribution systems according to the
invention. The following functional blocks can be distinguished:

— LV.input, 14

These are connected to the distribution network 4.
- LV outputs, 15

These are connected to the end user mains network 5.
- CPU/DSP
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because of it is not easily circunvented or disrupted.
- LV Protection >= 63A, 12 This is an additional short

W@ 200800086pr ot ecti on which is required in sonme BCHERENS/058118

Figure 4 shows the smart nmetering device 17 in greater
detail. The follow ng functional blocks can be

di sti ngui shed. The difference™w th the device 7 of
figure 3 is that the PLC filter 11 is integrated.

Figure 7 shows an alternative enbodi nrent of a smart

met er i ngedtral pepcRBsingi wiit with memesy dor mecbkarsdatkabdfmware and

yst ens .acc t.h nventio e foll
£ Y RREeiErs ofths AS 1 Jact Be sl hiytitionaliBatt GrRE dilice. syhich
Thesfrase henngahed Bnslifiptbs! hbleringn Priceask 6ower line
LV outputs, 15 These are connecte to“the end use
macors muaticadiok ﬂocessﬁ:ﬁ’SJM[eﬂ;FaSeisatbly pmmneemengrmssew th
nrermryi nmeter data, firmwvare and garanreters
is in fabe IMWaReaNdrartain BREMSNEFS © @f?rh@‘%@ie@ Upgraded
whiigN {0 BLICO NG AN FrBRUEE GrOMRYERY AR TRERBLBO SBY iESn be
ower |1 ne conmunication process as as posslibly
rraeﬁectéde‘rorprtbnee@h@sser%e dndr dues encdmeqaiee taiskilled worker to

ranmeters can for exanpl e be upgraded via the PLC WAN
|nir@Y$|at€éh%ldeVFF8 fef HRGREESi nterface. So this can be

A R b

skill ed wor

Thef anigashascaupléd iof idags. This-oerl Ricldde nenorly the eséctrie power
netered data of at |east a couple of days. This
i NEPRRIENRLAN, oYl f@m@xarrm ralgo p'BKé’Fnaél@ﬁseﬁpih%rﬂuaBWt of the

fo n
su%%[?&%gp&g’m@rr ?n S)op d&%at @#ﬁﬁgw e(?(ftrﬁrhgfs metering
exyeviogs foresxam e f@#eyasﬁ\ﬁﬁtér%ngumﬂiﬂbﬁ for gas/water
consunptlon

PSU

Low loss switching supply circuit without transformer, provided with

a backup battery for cases of power interruption.
— LCD, switches, LEDs, beeper

Locally indicating metered data, events, parameters, alarms, etc.

Possibly a number of user controls are provided on the device for
interface with a user. Different LEDs can for example be used for different
tariffs.
- PLC WAN

This is the PLC modem enabling the sending and receiving of
messages over the power line distribution network. Via the Ethernet port
(ETH) this modem also functions as the gateway via which other smart
meters connected to the same distribution network can be reached by the
PLC server. This modem is multi-channel, so that it can switch to another
channel if the previous channel is too much disturbed. This also enables

simultaneous upstream and downstream messages.
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- PSU Low | oss switching supply circuit w thout
transfornmer, provided with a backup battery for cases

w@boopovess9 i nterruption. - LCD, switches, LEDs, POBEP®NS/058118

Local ly indicating netered data, events, paraneters,

alarnms, etc. Possibly a nun‘oe4 of user controls are

provi ded on the device for interface with a user.

Different LEDs can for exanple be used for different

tariffs. - PLC WAN This is the PLC nodem enabling the

sendi ngThe&dnodemi slisagnonitonsshiegeignal tor nolse atiseandiisgues a

di stri.butfj ﬁn Fﬂgv\mkl Via the Ethernet port (ETH) this

moWBMI1AY £dne e Pighal BeCqrRes PQ WRAY- vi a whi ch ot her

smart_ ngk@yy s connected to the same distribution

net wor k—can be reached by the PLC server. This nodem

i s mul t A-reinalmeredf, USB ponist aretproaidedviot conriextiagebennal meters
revi ous channel t oo nuch dj st ur bed.

channel if th [
Th?%sal%%teénagl 8% O §FuE I HREWEN: Uﬁ:et 1 ERNYEIERbIh vigw 4 the

. T . ; .
a0 e pITRERE £ Bt ERRIAfiofcl?. S Bhiohfbile Adtts may
t ohowewds. also UBRohsiderbeér of USB ports are provided for

connecting external neters (gas, water, ...) or other
equi preBfH USB is convenient in view of the ability to

ot s okl etask Delt B it LB elcbOEmub IR péfon

po(d.gfinterner) e eixteral Sqdipmenel econmuni cati ons net wor k
(e.g. internet) or external equipnment. - Serial I/F

( opt i-ongelial r connection to a portable
device gr PC . ,
Igossﬁe for connection to a portable device or PC.

— LV TOU output

Low-voltage time-of-use output, e.g. double tariff (day/night) output.

With interrupter and measurement circuits for current and voltage. All low-
voltage outs are disconnectable upon interruption of the power supply.
The tariff switching can be performed by means of remote programmable
tariff periods, under control of the realtime clock (RTC) of the meter.

— LV ENT output

Low-voltage exclusive night tariff output.

— LV no-break or exclusive green enerqy output

Output for either “uninterruptable” supply which is applied to critical
applications for which an interruption in the power supply could lead to
serious harm or loss of critical data or the like, or appliances which the
user wants to power exclusively by green energy.

— PLC home

Optional interface towards the end user network, intended for
communication with intelligent applications (e.g. washing machines,
dryers, heating, hot water, cooling, CHP, ...). PLC is in this respect

advantageous because it offers plug-and-play functionality.



- LV TQU out put Low voltage tinme-of-use output, e.dg.

double tariff (day/night) output. Wth interrupter and
wore@somseent circuits for current and vol t age. PAI/EP2008/058118

| owol tage outs are di sconnectabl e upon interruption

of the power supply. The tariff sw tching can be

perfornmed by neans of renDte'H{ogrannable tariff

peri ods, under control of the realtinme clock (RTC) of

the meter. - LV ENT output Low voltage excl usive night

tariff b’hitspcan for examolebbeakseﬂ tcezonuecvtv@agneeyst@mngw an

out put t. either U |nterr | e" sup

et S8aBAl; BEG Fomminicafot i iAcientbors: Torihis, raspect

| nbeEdusRl HODis! fbrcRiP RpEImTERRIYor s Brdgad to seri ous

harm or 1oss of critical data or the |ike, or

appl i-anc¥Protectibntfrecdiger wants to power excl usivel y

by gree ener ne tional interface toward

t he end Digels g%t@ﬂ%@”ﬁ' rﬁ(FQﬁHOECWBrPr%@ﬁHﬂW‘MPPdﬁ r\ﬁqtiﬂed in

i ngelbi ﬁgg applications (e.g. washing machi nes,

dryers, eating, hot water, cooling, CHP, ...). PLCis

in this respect advantageous because it offers

pl ug- and-play functionality. This can for exanple be

used to connect alarmsystens with an alarmcentral.

PLC conmuni cation is advantageous in this respect

because of it is not easily circunvented or disrupted.

- LV Protection >= 63 A This is an additional short

circuit protection which is required in sone

states.Clains 1. Distributor power |ine comrunication

system conprising: - a conmunication server (1) ,

provi ded for sending and receiving nessages over a

t el econmuni cati on network (2), - a power distribution

substation (3) conprising at |east one
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transforner to which a power distribution network (4)
towards end users (5) is connected, - at |east one

w@2a0ema0g6{ 6; 18), provided for transferring NEBCSHBRE08/058118

fromthe tel econmunication network (2) onto power
lines of the power distributi network (4) and vice
versa, the nessages on the power lines being in a
predet erm ned frequency band used for power I|ine
communi cation, - a plurality of smart netering devices
(7€ldims 27) at end user mains networks, each being

Feapect | vERHRUGE BoWERURE SAEITST REUGH BURLER” SaTising:
conmuni gakdAmyrRAeE 'rvérggﬂé%ﬁfegidf&rosérﬂﬁng% receiving

(
di stribution netvvo?b or sending and receivin
messagemessafgesiovérea frlecamnheumiceionfrebqodn@), band over
t he power distribution networ characterised in

( . k (4
that "t h@ SPMEEnFISirRHian ﬂﬁﬁat@)@m@mmﬁ@g at least one
connect TansBfinbt I B i dbydridishib BT IerioER) towards end

user maugersi(6) wosdemertat,on power |ines connecting the
power distribution network to the power distribution
substat fblgast &g galemay Gt Sreyded Ifeefiapgferring messages

componenb e teleforhmifnidation? nefffork (B) &fth FoREXlRgs of the

t
frequencies w thiI'n t pre equency b

Di st r pbwepdispidvion! hét@ofio (MILHHE @itk Mersy, $h€ Mhessages on the
according to claim1, characterised in that each power

l'ine coP®WAr éiQEBobeiﬂgl [ﬂeﬁ preﬂ_@,termimed sfr%qmi band used for
havi ng MR lte ESRRUBARES | mpedance for bl ocking
t he pregdqjgramynetlsinaromentingbaddesse t7;for Jukrend er mains
communi cation "and a second el ectric conponent having a
second heatksiceadhobepmgs pravided ercmedstrirg pomey damsdmption
encompagsi g, the MBins reauency of the BOMEY L ower line
communication modem (8; 18) connected to the power distribution
network for sending and receiving messages within the
predetermined frequency band over the power distribution network
(4),
characterised in that the system further comprises power line
communication filters (10, 11) on power lines connecting the power
distribution network and the end user mains networks and on power lines
connecting the power distribution network to the power distribution
substation, each filter comprising filtering components (L1, R1, C1; L2,
R2, C2) for blocking frequencies within the predetermined frequency
band.
2. Distributor power line communication system according to claim
1, characterised in that each power line communication filter (10, 11) is a
passive filter circuit comprising a first electric component having a first

predetermined impedance for blocking the predetermined frequency band
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3 . Distributor power |ine comunication system
according to claiml1l or 2, characterised in that the

wa@enweoosed t he predeterm ned frequency band i SPEL/EP®ag058118

two decades higher than the mains frequency of the

power distribution network. ﬁ Di stributor power line

comuni cation system according to any one of the

claims 1-3, characterised in that each of the smart

net eri ng devices conprises one of the power |ine

comdwifoatpomerf ine @osnr(lunicabioagmh a seegmaitadectric component
anent . utorgﬁomer ne conmuni

\Qﬂga?}cﬁ?a‘? PCBin oPaisﬁ'QgclaalSﬁﬁoﬂd ﬁ:’equency band
Chéﬁ@&ﬁﬁéésﬁﬁqthé‘n{dﬁﬁé %Wthb'd&%émﬁuw heflvork.

filters are external "conponents to the smart
net ering. H)astrlbletsr p@werI])netcorhmunrcapommystenmeaccordmg to claim

ol Arro2 1 Searagienogtk B Melah vt of ik Pericwr BB Fewincy
{ o RO To(ccBlt ML d0adRRs Hﬁh@%sg%aonﬁrr%v iedehty o the

power |1 ne conmunication f but'or

popewel diseribLtiommetewatk.on system accordi ng to any one

of the clains 1-6, characterlsedlnthat a first ggan
y

of the 4t W%B@‘t‘t%r@"\g% IR $eMMUnisRiH SYStERY apg@r@ll%
Sgaé%]ﬁfstﬂgrélal% §r4 n%éilggfeﬁ%?d(ln ]tmat egch df tﬁ%rérﬂﬁﬁ%eterlng

i ne conmuni C to any

of déViees lcampBisés bneCdSI’aheqtcﬁ/r/erSIBfé ccsmtﬂmﬁceamemmsl (<Di) as an
the at | east one gateways (6) is |located at a
di Btegretad epmBeRAeiton of t he povver di st ri bution

net wor kg %lstat%t%? "Rl Of neogx)‘ﬁﬁm{r}qg %Qlﬁg%&%mg to any

system e Fhg to any on

chahaof efié 8RAME M -Bhatiaratidrigadtin emet tﬁfa dveers el dommunication
net eri ngédew ces 7 17; 27) is provided with a

cofitersi(d Al alzmextﬁtrtﬂ rawonents iesthersanars aietaing faviees.
6. Distributor power line communication system according to any

one of the claims 1-5, characterised in that unmetered drops from the
power distribution network are also provided with power line
communication filters.

7. Distributor power line communication system according to any
one of the claims 1-6, characterised in that a first (18) of the at least one
gateways is incorporated into one of the smart metering devices (17).

8. Distributor power line communication system according to any
one of the claims 1-7, characterised in that a second of the at least one
gateways (6) is located at a distribution station of the power distribution
network.

9. Distributor power line communication system according to any
one of the claims 1-8, characterised in that at least one of the smart
metering devices (7; 17; 27) is provided with a communication interface

towards end user appliances.



