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What is Powerline Communication?

.:@iEDEMa aey [N

Basically: Use of existing mains network lines for
communication — meaning both access and in home
environments.

Works in the frequency range from 2 MHz to 30 MHz (in home
BPLC and access BPLC) or below 500 kHz (only access PLC).

Provides (theoretically) data rates up to 200 MBit/s (dLAN 200
BPLC) or 128 kBit/s (Prime PLC)

All newer variants use some kind of OFDM with static notches
on the PHY-Layer.

Not yet fully standardized (but some exist, e.g. HomePlug, ITU
G.hn, IEEE P1901.1 and P1901.2). Many proprietary solutions.

Different features on MAC-Layer at each variant.
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Implemented Features

« MAC-Layer

« CSMA/CA or TDMA or both (dynamic change)

* Inter System Protocol (according to IEEE P1901)

« (Static Notching +) Smart Notching

» Priotitized Channel Access (up to 4 levels)
 PHY-Layer

« Varying data rate

« Varying packet error rate (correlated with data rate)

 Length depending data rate decrease
« Topology depending data rate decrease
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The different Modules

PLC Net Module

 Does the PHY-Layer management

» Acts as central coordinator for a network (CCo)
« PLC Encap Module
» Packs and unpacks the frames l:]

» Sets time stamps
PLC MAC Module

 Manages the channel access

* Reacts on the PHY-Layer fluctuations

Data Collector Module (Help module) &

» Collects data from every PLC unit in the net
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The different Compounds

* Internal PLC Modem ﬁﬁ é'
* |s a common use case for narrowband PLC gf
« Works inside a standard host instead of Ethernet e

* Socket Adapter Modem O—@
* Is a common use case for broadband PLC tp m@:
 Works as a bridge between Ethernet and PLC i

e CCo Modem rr——
* |s a variant of both with a PLC Net Module | |
« One CCo is neccesary for every different system plcmﬁf

pleMet

in a single mains network
(this is meanwhile different from the information in the paper)
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A Sample Network

= (CENELEC A with. HomePlugAVLol) CENELEC Alwith HomePigAV ol = [=] (=)
d B B[RO oy D JTIRE N = N I
J (simulations Networks_for_verification. GENELEG A with HomeFPlugAWi1o1) CEMELEC A with HomePlugAv1o1 {id=1} (ptrix97e4120) Zoom; 1.10x
X
CEMELEC_A_with_HomePlugat1al
5 O & O
dlLAMNZ00] Adapter?
Waschmaschingl Geschirspueler Waschmaschine? Geschinspueler? B Kunden_PC
&/ = &y = I~
HP &Y _adapt HF &YW _pdapters HF &YW _Adapt HF & _sdapters dL Z00_Adapterd Kunden DSL Router
L— )
KT Gateway2_1 HP &Y _Adapt Av_Adapters KT Gateway?2_2
Zaehler_mit CEMELEC_A_MUC_1 CEMELEC.&_DC_1 Zaehler_mit_CEMELEC_A&_MUC_2
11 IF nodes
5 hon-IP hodes
& &
channellnstaller dataCallector netwarkCanfigurator
v
| =]
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Verification of the overall Behavior

(3 OMNeT++/Tkenv - Generic. Access BPLC Nol' (=)= )
Eilz Edit Simulate Trace Inspect ¥iew Options Help

G B 9 [H oM ad 22 b @D @ Ay i N
Run #0: Generic_Access_BPLJ Event #258 |T=0.292018523464 |Next: Generic_Access_BPLC_No1.d2
hsgs scheduled: 85 ||Msgs created; 1358 |Msgs present; 1148
Ew/ssc: nfa ||Simsecfsec: n/a |Evfsimsec: n/a

£

dReceptian,... timer timerti itTar,. -ESTAB

'II\JET_IZI)AT arpREQ . . ndHeceptioh . .  timetinter ?rqerhﬁeﬁi...w |
+1=8 a7 L1e-f +leh A L0001 20,01 L01 " TH =10 Linnsec
2] Generic_Access_EI ggéatage% 25,0503 Mops iy

E- B scheduled-events |

PER in the preamble iz higher than the stored one -* current txrate will be changed,
Max t=rate for thiz modem iz 200 Mbes.,

Smart notching is on.

THrate of 25,0803 Mops is reduced by 23%,

Available datarate i=s 19,2887 Mbps,

Sending net condition ...

txrate [Bitss] = 1,92887=+07

txrate [MBit/z] = 19,2837

— ® NET DAT (NetC
4 @& arpREQ (PlcllFr
— ® EndRecsption (c
— ® EndRecseption (c
— ® EndRecsption (c
— ® EndReception (g
— ® EndRecsption it
!
i
!
!

Bit time is caloculated to O,000000051843=,
Slot time iz =zet to O,0000268044027=s,
Calculation for frame bursting resulted in 0,0026580905216 zec.
Threshold for frame bursting iz 0,005 szec,
Frame bursting iz at 1,
Inter frame gap i= at O,0000308d=,
Jam duration is at 0,000001553976=,
Start reception of frame
transmitState: TH_IODLE_STRTE. receiwveState: RECEIVIMG_STATE. backoffs: 0. numConcurrentTrans
Initializing channel Generic_Rocess BPLC_Mol.generic_Access_BPLCH1E, sdspter PLC phys$o,channel.
*x Eyent #2055 T=0,292018473d64 Generic_Fcces=_EBEPLC_Hol.dataCollector (DataCollector. id=5). o
- & : Mezzage received by data collector,
EndF%eceppon g Received something sbout the net condition ., .
— ® EndRecsption (c Datarate: 19,2287 Mbit/s

{
{
{
— ® EndReception {¢| |PER: 0 &
{
{
{

— ® EndRecsption (c
— ® EndRecsption it
— ® EndRecsption (c
— ® EndRecseption (c
— ® EndTransmissio
— ® EndRecsption (c

— ® EndRecsption (c Tese of nees 4
— ® EndRecsption (c
— ® EndRecsption it
— ® EndRecsption (c
— ® timer (cMessag:
— ® timer (cMessag:

Mez=zage handling complete,

*% Ewent #2065 T=0,292018523464 Gereric_Access_BPLC_Mol .BFLAM_BPLC_CCo,.pleMet (PleMet. id=983.
Counter iz at 19 messages.

Hop counter iz at 12,

Hop counter is now at 13,

Event. (PlcIIFramelarpRER on tap 17. sending out Frame

Adding information to the preamble ...,

Current avalable datarate iz 21,7022 Mbps.

caloculsteISPMalus i)

{
— ® timer (cMessage
{

— ® timer (cMessag: 7 ||5let O was found emptu.
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Sample Data Collector Output

= GMNeT++/Tkenv - G3 with D52 HEE
File Edit Simulate Trace Inspect Miew Options Help

R E AV H: «Mud 2P @ @A Ry et

Run #0: G3_with_DS2 | Event #25854204 | T=200.000315156234 [Next: nsa
Msgs scheduled: 12 ||Msgs created: 261653 |Msgs present; 9208
Ew/ssc: nfa ||Simsecfsec: n/a |Evfsimsec: n/a
vidsosteanrtmi - | cHN_UBRET BRI D, TiveR | | | | | -
115 oot L0.0d T 0 T T i +100 1000 15 +1eh +1eA 1 esBC

[ |
& ; Y N
[ GS—WIth—DSE Dats collector report ...
B scheduled-eve
RUMTIME STATISTICS:

For all PLC rnetworks ..

Recorded 800 wvalues,
Runtime_clean. ming 22,2708 ms
Runtime_clean. maxi 78,8932 m=s
Runtime_clean. meani FO.7216 m=s
Runt ime_clean, stddev: 6,41898 ms

For &ll BPLC networks ...
Recorded 3536 walues,
Runtime_clean,. min: 91,7051 us
Runtime_clean,. max: 1866.67 us
Runtime_clean. meani 841,586 us
Runtime_clean. stddev: B01,665 us

DATARATE STATISTICS:

For &ll PLC networks ...
Recorded 804 walues.

Datarate. min: 15,7138 kbps
Datarate. max: 20,1493 kbps
Datarate. meani 17,6736 kbhps
Datarate. stddevw: 0,823661 kbps

For all BFLC networks ..
Recorded 360 walues,

Datarate. min: 2,4935 Mbops
Datarate. max: 145,55 Mbps
Datarate. mean: 28.4027 Mbps
Datsrate. stddevw: 30,9339 Mbps

FACKET ERROR RATE STATISTICS:

=l

For all PLC retworks ..

=l
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Verification of the Run Times

Check of plausibility

calculated VS simulated

400
350
300
250 Calculated Run Time
= ‘ (Minimum incl. IFS x1,0)
e 200 p Calculated Run Time
£ (Minimum incl. IFS x1.5)
5 150 - = Simulated Run Time
100 e
50
0
64 128 256 512 1024

packet size [Byte]

This result comes from a simple point-2-point connection network, which simulates
devolo dLAN 200 modems.
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A Real Testing Network

sever Client

Ethernet TCFAF connection

Ethernet
] ——
Shielding
o Ethernet Ethernet
(1 ¥
Powerling
Ethernet Ethernet
Ethernet TCRAP ar UDRAP Ethernet
| :
connection I
Server Clignt
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Simulated Network

standardHost1

dLANZ{D_CCo

microlink dLAMNZ00

ethenBus2 ethernBus3
i -~ i
) i’u
Cp "
standardHost2 standardHost3

&

networkConfigurator datacollector channelinstaller
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Verification of ISP Behavior

=2 O TRenIaboratoryeetip: B[ B (dLanz00_cco) LaboratorySetup_2.dLan200_[_](0][x]]
File Edit Simulate Trace Inspect View Cptions Help E B[ v ru L @ T
B B E D B a8 Al |:|E ~ || imarket_Technologies dLAN200_GCo) LaboratorySetup_2.dLA

* 9 —

Run #0: LabnratnrySetLllEvem #61

| T-0.500009514988

HNext: LaboratorySetup_2.ethe

Msgs scheduled: 8

||Msgs created: 213 \ Msgs present: 178

LaboratorySetup_z.dLAN200_CCo

Current datarate: §4.500000 Mbit's

B schedulsd-eve

Ev/sec: nfa HSimsecfsec: nia ‘Evfsimsec: nfa Mode:| CEME
ar ndTransmission ARP fimsout, .. ——
arBHEB Eng%an mission EEF; meodt  TIMER 7 J
+168 4ie fef “iien sfed 0001 “ihaf 04 21 w10 higet] ks
[ [Btartine ARP resolution for 10,0,2,1 = IcZEth_Adapter
[ LaboratorySety~ |57F0IE S5 "T85 Toboatorobaton_ 2, sterdardHost3  topdunp (TCFT [IEREL A pchiet

CAMNOT DECODE: packet arpREE doesn't contain either IP or IPwG Data
=x Eyent, %54 T1=0,5 LaboratorySetup_2,standardHost3,eth[0],queus ©
== Event #55 T=0.5 LaboratorySetup_2.standardHost3.eth[0].encap ¢
Encapsulating higher lauer packet arpREQ’ for MAC

x Event #56 1=0,5 LaboratorgSetup_2,standardHost3,=th[0],mac (Et
transmitState: TH_IDLE_STATE. receiveState: RE_IDLE_STATE. backof
Received Frams from upper laysr: (EthernetIIFranslarpRED

Packet (EthernstIIFramslarpREQ arrived From higher lagers, enqususi
Mo incoming carrier signals detected. frame clear to send. wait IFG
transnitStates WAIT_IFG_STATE, receiveState; RH_IDLE_STATE. hacka
Initializing channel LaboratorgSetup_2,standardHost3,eth[0], nac,phy
Initializing channel LaboratorySetup_2.standardHost3.eth[0].physsa.
Initislizing channel LaboratorgSstup_2,standardHost3,ethesal0],chan
== Event #57 T=0,5000096 LaboratorySetup_2.standardHost2.eth[0].m
transmitState: WAIT_IFG_STATE. receiveState: RX_IDLE_STATE. backo
Self-nessage (cMessagelEndIFG received

IFG elapsed. now hegin transniszion of frame (EthernetIIFranearpRE
E—— = mmDET

mmmimm Bt ey = mmn l I tlmrnat TTE mma o

%

=]

]

Mkenv=lIlabor:

File Edit Simulate Trace Inspect View Options Help

. ATE. kb
rBus. i

th[0],m
backo

[E (dLAN200_CCo) LaboratorySetup_2.dLAan200_[—] (0] [x]
2 = i » @M

i St

Ga: B+ 0E

»
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Run #0: LabnratnrySetl]lEvent #102

|T=0500235317079 | Next: LaboratorySetup_2.clLA

Msgs scheduled: 13

HMsgs created: 226 ||Msg5 present: 180

Ew/sec: nfa

||Simsec/sec: nfa ||Ew’simsec: nfa

Fund
D {Market_Technologies.dLAN200_GGao) LaboratorySetup_2.dLA
[

elarpRE

ATE. b

LaboratarySetup_2 dLANZO0_CCa
rBus. i

Current datarate: 32 835000 Mbit's
Mode: | CSMA

D

ey AREPIS: o riveR

= |
I? (Microlink_CCo) LaboratorySetup_2.microlink E] @ E]

E) B0 uruk @00
J (Market_Technologies.Microlink_CCo) LaboratorySetup_2.mig
E

LahoratarySetup_2 microlink_CCo

Current dalarale:|4.750000 Mbit/s'}
4

oce:| CEh

</ ©

plc2Eth_Adapter

plchet

=L

‘ +15-8 415 al:

A ien sded 0001 4001 401 1 il i) 1850 |

2|

[ |aboratorySety
% soheduled-sve

Message handling conplete,
#% Event #36 T=0,500166117079 LsboratorySetup_2,dlAN200_CCo.plc2E
Encapsulating higher layer packet arpREQ’ for MAC

*= Event #97  T=0,500166117079 LshoratorySetue 2 ,dLANZ00_CCo.ploZE
transmitStatet TK_IDLE_STATE, receiveState: RH_TDLE_STATE, backof
Received frame from upper layer: {(EthernetIIFrame}arpREQ

Packst (EthernetIIFrans)argRED arrived From higher lagsrs, ercusuei
Mo inconing carrisr signals detected, frame clear to send, wait IFG
transmitState: WAIT_IFG_STATE. receiveState: RE_IDLE_STATE. backo
Tnitializing channel LaboratorySetup_2.dlANZO0_CCo.plc2Eth_Adspter.
Tnitializirg channel LaboratorySetup_2 ,dlAN2O0_CCo ,ple2Eth_Adspter ,
Initializing channel LaboratorySetup 2.dlAN200_CCo MAC_side#o.chann
#% Event #38 T=0,900175717079  LaboratorySetup 2.dLANZO0_CCo.plcZE
transmitStates WAIT_IFG_STATE. receiveState: RE_IDLE_STATE. hbacko
Self-nessage {cMessage EndIFG received

IFG elapsed. now begin transnission of frame (EthernetIIFrame}arpRE
Tramsnitting a copy of Frame (EthernetIIFrans darpRED

transmitStats; TRANSMITTING_STATE. recsiveStats; RM_IDLE_STATE, b
#% Event #39  T=0,500175717079 LsboratorySetup_2.etherBusl (EtherB
Frane (EthernetIIFrans)arpREd arrived on tap 1

*= Event #100 T=0,500175732078 LaboratorySetup_2,etherBusl (Ether
Ewent {EthernetIIFrameiarpREE on tap 0. sending out frame

End of bus reached

*= Event #101 T=0,500175732078 LaboratorySetup_2,standardHost1, et
transmitState: TH_IDLE STATE. receiveState: RH_IDLE STATE. backef
Received frame from network: {EthernetIIFrame’arpREQ

Start reception of frame
transmitState; TH_IDLE_STRTE.

receiveStater RECEIVING_STATE. back

Initializing chennel LaboratorySetup_2.standardHastL.eth[0] . nec.phy
Initializirg chennel LaboratoruSstup 2. standardHostl.eth(0].phusta.
Initializing channel LaboratoruSstup_2,standardHostl,sthe$al0],chan

©

plchlet

pIcZEth_Adapter

= )

ll?\ (Microlink_CCo) LaboratorySetup_2.mi 'olink@@@\

£} = @I

J (Market_Technologiss.Microlink_GGo) LaboratorySetup 2. mi

[

2442300 Mbit's |
CEMA

i oA I T

LaboratorySetup_2 micralink_CCo

Current datarate:
Mode:

plc2Eth_Adapter
plchet

=L
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Results from the Simulation

-:@:E DeMa c=

TABLE IL CONFIGURATION FOR THE SIMULATION
Parameter Max. Average Min.
s [:;E data 200 MBit/s | 64.5 MBit/s 6 MBit/s
Slow PLC 14 MBit's | 4.79 MBit/s | 1.2 MBit/s
data rate
TABLE III. SAMPLE RESULTS FOR THE SIMULATION
Parameter Measured Simulated Accuracy
FastPLCdata\ 4y | vigivs | 3118 MBit's | 99.7 %
rate
Slow PLC 15 33 \iBivs | 2.48 MBits 93.9 %
data rate
;ZIL;R:;T:;BNU R G INET
FRAMEWORK
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Conclusion

* The toolkit provides a good base for the
simulation of various existing PLC variants in a
(rather static) smart grid environment.

 The more is known about the timing constants
of a system, the more accurate is the
simulation.

* Through the variation of parameters, the benefit
of improvements can be estimated in advance.
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