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POWER LINE COMMUNICATIONS FOR
AUTOMATION NETWORKS AND SMART GRID

Lutz Lampe

P ower line communications (PLC) reuses power lines for
communication purposes. It is an “old” technology
whose commercial use for voice communication and control
goes back to the beginning of the last century (see the excel-
lent History Column article by Mischa Schwartz [1]). Since
then, PLC applications have always been with us. But PLC
technology has only gained attention in the broader public
with the advent of broadband PLC for Internet access and in-
home multimedia applications in the late 1990s. For example,
IEEE Communications Magazine published the two Feature
Topic issues, “Power Line Local Area Networking” [2] and
“Broadband Is Power: Internet Access through the Power
Line Network” [3], in 2003. Recently, the focus of the PLC
community has widened and, in fact, shifted back to areas
innate to PLC: PLC for control and automation systems. The
PLC technology enabling such systems often operates at fre-
quencies below 500 kHz, and it is referred to as narrowband
PLC. One impetus for this development has been the need for
a powerful communication infrastructure that enables the idea
of smart grid. Power utilities have been native users of PLC
technology, and it is expected that PLC will play a role in the
blend of technologies composing the smart grid communica-
tion infrastructure. The PLC research community, which has
always benefitted from strong participation of engineers from
industry, has responded to the renewed interest in PLC solu-
tions for automation networks, including smart grid. This can
be seen from the many keynotes, panels, and technical contri-
butions on this topic at (power line) communications confer-
ences, most notably the IEEE International Symposium on
PLC (ISPLC) and the Workshop on PLC organized by mem-
bers of and supported by the IEEE Communications Society
Technical Committee on PLC (TC-PLC). Within the IEEE
Communications Society (IEEE ComSoc), due to the oppor-
tunities of PLC for smart grid, the TC-PLC plays a prominent
role in recent IEEE ComSoc smart grid activities. Further-
more, in 2010, not one but two major standardization efforts
for narrowband PLC were launched: IEEE P1901.2, “Stan-
dard for Low Frequency Narrow Band Power Line Communi-
cations for Smart Grid Applications” (sponsored by IEEE
ComSoc), and ITU-T G.9955/56, “Narrow-band OFDM
power line communication transceivers.” The broad objective
of the two groups is to define advanced PLC technology in
the frequency bands below 500 kHz to support smart grid
applications. Interestingly, design choices popular in modern
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wireless communications systems, in particular the use of mul-
ticarrier modulation at the physical layer, will also play a dom-
inant role in narrowband PLC. Multicarrier modulation has
already been adopted in the recently approved IEEE 1901 for
broadband PLC and ITU-T G.9960 for broadband PLC, coax,
and twisted pair standards using frequency bands from 1.8 to
250 MHz. This is not a coincidence, but evidence of the fact
that PLC inherits several characteristics from wireless commu-
nications, such as multipath propagation, shared medium, and
the broadcast nature of the channel.

In the Call for Papers for this Feature Topic issue we
solicited contributions on “new advances and directions for
PLC in generic automation networks and in networks to
enable the smart grid concept.” While, as the title of the Fea-
ture Topic issue suggests, specific attention is given to PLC
networks for smart grid, we did not wish to limit the scope to
such networks. There are many interesting applications outside
of smart grid, such as PLC for automation in industry environ-
ments, PLC for lighting automation systems, and PLC for in-
vehicle communication networks, which were in the research
and application domain long before the term smart grid
became popular. Nevertheless, the great majority of the
manuscript submissions considered PLC for smart grid, includ-
ing the four manuscripts accepted for this Feature Topic issue.

The four articles in this Feature Topic issue cover a broad
range of aspects of PLC for automation networks and smart
grid. The first article, “Channel Characterization and System
Verification for Narrowband Power Line Communications in
Smart Grid Application,” deals with the properties and emula-
tion of the transmission channel for PLC. The authors focus
on PLC in the so-called CENELEC A band (9-95 kHz) using
underground cables in the low-voltage distribution grid. They
present channel measurements, a channel model that incorpo-
rates the main features of the power line channel, and finally a
programmable hardware-based emulator for PLC system
design and evaluation. The second article, “G.hnem: The New
ITU-T Standard on Narrowband PLC Technology,” presents
an update on the narrowband PLC standardization work items
G.9955 and G.9956 in the Telecommunication Standardization
Sector of the International Telecommunication Union (ITU-
T), collectively referred to as G.hnem. The authors provide a
brief introduction to narrowband PLC and existing noninterop-
erable solutions, by which the efforts on G.hnem standardiza-
tion are motivated. This is followed by an overview of the
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network architecture, physical layer, and data link layer of the
prospective standard, which the authors expect to be approved
in December 2011. The essentially parallel effort sponsored by
IEEE ComSoc in the IEEE P1901.2 Working Group is also
briefly mentioned. While we did not receive a submission
about P1901.2 for this Feature Topic issue, we hope that mem-
bers of this Working Group present the technical specifications
of the PLC technology considered in P1901.2 to the readers of
this magazine in another issue in the near future. The next
article, “An IP-Centric High-Rate Narrowband PLC System
for Smart Grid Applications,” describes a PLC platform for
communication in the low-voltage and medium-voltage distri-
bution domain based on the IPv6 protocol, providing future-
proof integration of PLC into utility networks. The presented
architecture to support IP over PLC is a result of ongoing
research in the project Distribution Line Carrier: Verification,
Integration and Test of PLC Technologies and IP Communica-
tion for Ultilities (DLC+ VIT4IP) funded under the 7th Frame-
work Programme by the European Commission. The final
article in this Feature Topic issue, “PLC Concept for LVDC
Distribution Systems,” demonstrates the feasibility of PLC for
communication over low-voltage direct current (LVDC) sys-
tems, which have been receiving a great deal of attention from
electricity providers. The authors describe PLC channel char-
acteristics based on a test setup, from which system design cri-
teria, in particular signal coupling strategies, are derived.
Different from the other three articles, broadband PLC is con-
sidered as an appropriate PLC solution. Data rates on the
order of several megabits per second are demonstrated theo-
retically and through practical transmission tests.

We believe that this selection of articles contains valuable
new and overview information for professionals working in
the PLC area, and also provides an interesting read for the
generally knowledgeable engineer and manager who wants to
learn about the possibilities, challenges, and solutions for
PLC. In this context, we would also like to point the reader to
the three Book Reviews in this issue of IEEE Communications
Magazine, discussing three recent publications dedicated to
PLC technology, and the “Best Readings in Power Line Com-
munications” collection [4].

We would like to thank all authors who submitted
manuscripts to this Feature Topic issue and the reviewers for
their help in selecting the four articles published here. We
much appreciate the excellent support we received from Edi-
tor-in-Chief, Dr. Steve Gorshe, and we gratefully acknowledge
the help of the publication staff, in particular Joseph Milizzo
and Jennifer Porcello.

REFERENCES

[1] M. Schwartz, “Carrier-Wave Telephony Over Power Lines: Early History,”
IEEE Commun. Mag., vol. 47, no. 1, Jan. 2009, pp. 14-18.

[2] H. A. Latchman and L. W. Yonge, Guest Eds., “Power Line Local Area
Networking,” IEEE Commun. Mag., vol. 31, no. 4, Apr. 2003.

[3] S. Galli, A. Scaglione, and K. Dostert, Guest Eds., “Broadband is Power:
Internet Access Through the Power Line Network,” IEEE Commun. Mag.,
vol. 31, no. 5, May 2003.

[4] IEEE ComSoc, “Best Readings in Power Line Communications,”
http://www.comsoc.org/best-readings

BIOGRAPHIES

Lutz LampE [M'02, SM'08] received his Diplom (Univ.) and Ph.D. degrees in
electrical engineering from the University of Erlangen, Germany, in 1998
and 2002, respectively. Since 2003 he has been with the Department of
Electrical and Computer Engineering at the University of British Columbia,
where he is a full professor. He is (co-)recipient of a number of Best Paper
Awards, including awards at the 2006 IEEE International Conference on
Ultra-Wideband (ICUWB), 2010 IEEE ICC, and 2011 IEEE International Con-
ference on Power Line Communications (ISPLC). He was awarded the UBC
Killam Research Prize in 2008, the Friedrich Wilhelm Bessel Research Award
by the Alexander von Humboldt Foundation in 2009, and the UBC Charles
A. McDowell Award of Excellence in Research in 2010. He is an Associate
Editor for IEEE Wireless Communications Letters and IEEE Communications
Surveys and Tutorials, and has served as Associate Editor for /EEE Transac-
tions on Wireless Communications from 2007 to 2011, IEEE Transactions on
Vehicular Technology from 2004 to 2008 and the International Journal on
Electronics and Communications from 2007 to 2011. He was General Chair
of ISPLC ‘05 and ICUWB ’09. He is Chair of the IEEE Communications Soci-
ety Technical Committee on Power Line Communication.

ANDREA M. TONELLO [M’02] received his Doctor of Engineering degree in
electronics in 1996 (summa cum laude) and Ph.D. in telecommunication
engineering in 2002 from the University of Padova, Italy. In 1997 he was a
member of technical staff with Bell Labs, Lucent Technologies, working on
the development of baseband algorithms for cellular handsets, first in
Holmdel, New Jersey, and then within the Philips/Lucent Consumer Prod-
ucts Division in Piscataway, New Jersey. Then, until December 2002, he was
with the Bell Labs Advanced Wireless Technology Laboratory, Whippany,
New Jersey. He was promoted in 2002 to technical manager, and was
appointed managing director of Bell Labs, Italy. He conducted research on
wireless systems and was involved in the standardization of the evolution
of 2G and 3G cellular technology. In January 2003 he joined the University
of Udine, Italy, where he is currently an aggregate professor and founder
of the Wireless and Power Line Communication Laboratory. His research
focuses on next-generation wireless systems, infomobility and vehicular net-
works, and PLC including home networks and smart grids. He has been
involved in several European collaborative actions through FP5-FP7 EU
funded projects and within the Institutional Human Resources Strategy
Group that aims at implementing the European charter for researchers and
the code of conduct for the recruitment of researchers. He received several
awards, including a Lucent Bell Labs Recognition of Excellence award in
2003, a Distinguished Visiting Fellowship Award by the Royal Academy of
Engineering (United Kingdom) in 2010, and a Distinguished Lecturer Award
by the IEEE Vehicular Technology Society in 2011. He co-authored the
papers that received the best student paper awards at IEEE ISPLC “10 and
11, the IEEE Vehicular Technology Conference 2011 Spring MIMO track
best paper award, and the 2007 EURASIP Journal on Advances in Signal
Processing best paper award. He has held chairing positions at conferences;
in particular, he was TPC Co-Chair of IEEE ISPLC ‘07, Chair of the Workshop
on PLC ‘09, and General Chair of IEEE ISPLC '11. He serves as an Associate
Editor for IEEE Transactions on Vehicular Technology, and is on the editori-
al board of ISRN Communications and Networking. He is Vice-Chair of the
IEEE Communications Society Technical Committee on Power Line Commu-
nications.

DON SHAVER [SM] is a Texas Instruments (TI) Fellow and chief architect for
TI's Smart Grid business unit, where he is responsible for systems-level con-
cepts and defining new products. He represents TI's smart grid solutions
across industry standards organizations such as IEEE, ITU, PRIME, G3, and
NIST, and drives TI's influence on governmental standards and regulatory
activities. During his 34-year career with Tl, he has held various positions in
both product-specific and research and development organizations. He has
initiated and directed new technology businesses, and international stan-
dards development in wireless and wireline communications, and devel-
oped systems, software, and application-specific processors in defense,
geophysical, and communications applications. He has been awarded 15
patents. An active IEEE member for 42 years, he is Vice-Chair of the IEEE
Computer Society Dallas Chapter. He earned a Bachelor of Science in elec-
trical engineering as well as a Master of Science and doctorate degree in
systems and information science, all from Syracuse University.

IEEE Communications Magazine * December 2011

27




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Cadmus MediaWorks settings for Acrobat Distiller 8)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


