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ABSTRACT

This research project presents a study of power line communication for electrical power
telemetering. This system has a special capability of transmitting the measured values to a centralized
computer via power lines. The PLC modem as a passive high-pass filter is designed for transmitting and
receiving information. Its function is to send the information carrier together with transmitted data by
superimposing it on the 50 Hz power frequency signal. A microcontroller is employed to function as the
main processing of the modem. It is programmed for PLC control and interfacing with other devices. Each
power meter, connected via a PLC modem, is assigned with a unique identification number (address) for
distinguishing each device from one another. To evaluate the effectiveness of the proposed system,

simulation through MATLAB/Simulink software was conducted.
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Power Line Carrier for Power Telemetering

Tossaphol Ratniyomchai, Uthai Jaithong, and Thanatchai Kulworawanichpong

Abstract—This paper presents an application of power line
camier (PLC) for electrical power telemsetering. This system has &
special capability of irang the d values to a centralized
computer via power lines. The PLC modem as a passive high-pass
filter 15 designed for wansmitung and receiving information Its
function 1s to send the information carmier together with transmitted
data by superimposing it on the 50 Hz power frequency signal. A
microcoatroller is employed to function as the main processing of the
modem It is programmed for PLC control and interfacing with other
devices. Each power meter, connected via 8 PLC modem. 1s assizned
with a unique identification ber (address) for distinsuishing each
device from one another.

Keywords—Power telemetering, Power line camer, High-pass
filter, Digital data transmission.

1. INTRODUCTION

OWER line communications basically mean any

technology that enables data transfer through power lines.
Power line camer communication 15 mamly used mn electne
power applications for telecommumcation, tele-protection.
tele-metering or some other pwposes between electmc
substations. It i1s nommally applied m high-voltage power
transmission systems, e.g. 115 kV, 230 kV, 500 kV. etc [1].
The prnciple of PLC consists m supenimposing a high
frequency signal at low energy levels over the 50 Hz electnical
signal. This second siznal 15 transoutted via the power
infrastructure and can be recerved and decoded remotely.
Therefore, the PLC signal 15 received by any PLC recen'er
located on the same electrical k. An i d
at the PLC recerver entry pomnts elinunates low ﬁ'equem:y
components before the signal is treated.

The communication over a power network 15 rather old. It
was introduced in the 19205 by the enerzy prowiders, to
establish cheap commumcation between thewr plants. The basic
1dea was to use an existing network for communication and not
ntroduce or establish a new one. Later on this concept was
adapted to the control of street lizhteming [2]. So all street
lights could be turmed on and off by 2 central “swatch” and the
hghts only needed a small decoder chup. By using this
tecl:mqnenoaddmonalmaweeneededtocomolthe
hghts. In the 1980s the techmque was duced on home
products, like Baby phones.

The major advantage of using power line camer as data

This article is finded by National Research Council of Thailand and

Suranaree University of Technology under conmract no. SUT7-711-33-12-09
Tossaphol Ramuiyomxhai  Uthai  Jaithong, and Thanatchai
Knlwmwamd:pmgmmthSchmﬂofEkmﬂ Instiree of
ity of Technology, Nakhon Ratchasima
THATLAND 30000. (e—ml thanatchaiigmail. com).

transmussion medium 15 that every building or house in most
cities 15 equipped with power lmes and connect to a local
power gnd. The PLC communication uses existing local AC
power lines as the data transmussion medium to provide data
accessibility everywhere there 15 an AC outlet. This method of
data transfer 15 mexpensive and easier than running new signal
wires for this commumcation purpose. With this technology.
broadband over power lme camer [3-4] or remotely power
telemetering through PLC [5] in power systems 15 enabled.

In this paper. exploitation of power line camier technology
15 descnibed. The apphcmon of online power telen!tenng i

phasized by t&r z ed data through electrical
pomrcncmtsbemenauamwandrecmerlocatedm
the same electnical cwcwit. A design for 2 PLC modem 15
tlustrated. In the next section. Section 2. a bnef review of
online power tel ng 15 addressed. Section 3 descnbes a
design of power line camer modems. A coupler circuit of
band-pass filters is detailed.

AC power line

~
PLC medem

Power Power
meter# 1 meter# 2
Fig. 1 Online power metening
II.ONLINE POWER METERING

An online metenng 15 an online energy monitonng system to
collect meter data via some commmmication chanmnels and to
process this information and then delrver to display devices
[5]. It offers a systematic and zutomated online approach to
managmg electrical energy consumption, both at supply pomts
to manage actual costs as well as within the industnal plant
itself, particularly where costs and efficiencies need to be
monitored for large-scale production lines with 2 great number
of manufacturing procedures and steps are involved or
divisions within the orgamzation with cost
must be separately accounted for. The online power metenng
can be summanzed as shown i Fig. 1. The power metenng
system through power line cammier commumication as shown in
Fig 1 illustrates the structure and operation of the data transfer
system Each client power meter sends measwred data via a
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bandwidth, etc). the coupler cirewt components (R, L and C)
are calculated.

IV. DIGITAL PULSE FREQUENCY MODULATION
Pulse-frequency modulation (PFM) 15 a modulation
which the pulse repetition rate 15 vanied m accordance with
some charactenistic of the modulating signal. Pulse-frequency
modulation 15 analogous to frequency modulation of a camer
wave, mn which the 1 s fre v 15 a

Tk

Pulse-lraquency Frequency
sienal Detector
Reference Freyuosey .o Received
5 ] 10gtic docotler fupe-
Frequency K amparater, o dipial data

function of the modulatng signal In pulse frequency
modulation. the frequency of the pulse tram 15 vaned from its
default value 1n accordance with the instantaneous amplitude
of the modulating siznal at sampling mtervals. The amphtude
and width of the pulses is kept constant. Fig. 4 gives a
description of dizital pulse frequency modulation Also,
summary of the DPFM can be depicted as shown mm Fig. 5.

Data in digital format

it s} DPEMsignal

Fig. 4. Digital pulse frequency modulation

Digital data

iy

Switching controller

DPFM
generator

Fig. 5. Procedure of the digital pulse-frequency modulation

Conversely, dizital pulse-freq v d dulation 15 the act
of extracting a modulated pulse frequency sigmal to be
converted back to onginal digital data. The procedure of
demodulating the recerved signal can be shortly summanzed as
shown m Fig. 6.

e

Fig. 6. Procedure of the digital pulse-frequency

a Anlati

V.PROTOCOL FOR PLC COMMUNICATION

Protocol 15 a procedwre of communication management that
15 used as a tool to ze the tr 1s510n formal
the server and its clients attached with power meters as
desenbed m Fiz. 7. To avoid overlap of data signals, each
client modem 15 assigned with a unique identification number.
Comnmmnication starts from the server by sending a request to
the targeted client mn forms of mnformation packet The data
packet contains data type, chent ID and CRC (cyche
redundancy check) as shown in Fiz. 8. When each chent
receives the request, the chient proceeds checkmng for matching
of the client ID. If the chient ID 15 matched, the client wall
respond by sending measured data in the specified data type

back to the server.
4

4 R

\

=) G 6=

Fig 7. Procedure of the digital pulse-frequency demodulation

hetw

Send Request Packet
| N I D |DataType|CRC[

Reply Data Packet
| N ] D IData TypelData Valuel CRCl

Fig. 8. Data packet

VI EXPERIMENTS AND RESULTS
In this paper, a power line camier test system is set for
evaluation. The test system consists of a PLC transmitter
modem. a PLC recerver modem and power lines. The length of
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senal communication channel to be stored in a memory of a
client PLC modem. The server PLC modem has a function to
control the data transmission sequence classified by each
modem identification number and therefore stores those data
in 1ts memory. A user can access to data stored in the server
PLC modem’s memory by using the host computer.

III. DESIGN OF A POWER LINE CARRIER MODEM
Power line communication (PLC) leverages the existing
power line mfrastructwre and provides cost-effective approach
for introducing mtelligent itoring and control to many
industnal applhications. It makes PLC one of the leading
enabling technologies for Smart Grid applications rangzing
from smart metering. highting control. solar. plug-in electrical
vehicle home and bwilding automation of heat and aw
condxnonmg. and secunty. For these applications,
ing a low fiy v narrow-band PLC technology
pmn&s an opuma.l fit in terms of bandwidth. power, and cost
requirements. Operating in the namowband domain ensures
data integnity while munimuzing system cost. Developmg an

efficient PLC mpl tation 15 not without its chall

drives 2 high output cumrent. The transmutter stage must be
carefully desizned to take dizmtal sigmals from the
mucrocontroller umit, filter them to eliminate out of band
emussions and dnve the low impedance of the AC power lne.

) a
ted ‘ n 2 a
—t
I“_',r Conectto
- Power Line
Recieved A
" . 1 .
un =a
1

Fig. 3. Coupler circuit of a power line carrier modem

The circuit as shown m Fig. 3 consists of a band-pass filter
for ransomtting and receiving data between the PLC modem
andtheACpowerhne Tbebznd—pas' filter 15 to prevent low

Power lne: are inherently noisy and require a robust

y comp ts for passing through the PLC side circuat
wln.le allowng h:ghﬁequen/:y modulated siznal transfer

et

architecture to enswre data mliabi]ity In addition. each
application and operating emironment 15 different, requnng
developers to optimuze designs across a vanety of factors.
With the many protocol standards and modulation sch
available, developers need a flexible development platform
which =smplfies design. allows for optinuzation to
environmental conditions, supports local regulations, and can
be easily adjusted to conform to evolving standards.

Structure of power line camer communication 15 shown
Fig 2. It consists of 1) an interfacing part to external devices
.e.2. power meter, 1) 3 modulating part to modulate data with a
camer, and m) a coupler circuit to allow modulated
information through the AC power line.

Powsr e Microcaniraler
— Cuuﬂ«[ =AM T | | Modulator  |e—
—7 Omn 5 Drive
b - Dala
| bus
| #Fnase ||
—
:: Detector | - Denodulalon
b ower
Supely Power Meter
| Compatiar

Fig. 2. Simplified diagram of a power line carmer modem

A Power Lme Commumcation Modem system begins with a
modulated signal entering the recerver stage, or active band
pass filter. It needs to connect to the mput of an Analog to
Dizital Converter fast and accurate enough to pmperly com‘ert
to a dizntal form for p smg. Processed are myj

both sides. The design of the band-pass filter requires

knowledge of series and parallel resonant cucwits [4]. In such
circwts, the frequency that causes the sharp peak (resonant
peak) 15 called the resonant ﬁequencv (7). Briefly. some key

charactenistics of the prop circuit are exp
as follows.
J ¢V}
J_
\f )
3
J 1 XSz @
\’ )
Ter = Ja~™ ©)
Where
© 15 the quality factor
BT 15 the bandwidth

fis 15 the lower corner frequency

f.> 15 the upper comer frequency

By usmg (1) - (6). as long as some charactenistics of the

backmroﬂ:epower;ndbvthePLCmnmw'ngethat

5 circwat are specified (e.z. resonant frequency.
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the power line used 15 100 m. The test was repeated wath a
large number of tals, say 10000. The signal to nose ratio and
the signal attenuation were evaluated and discussed.

Test of signal quality which 15 transmitted through power
lines is based on evaluation of a ratio between the signal and
noises as signal to noise rattio (SNR) and signal attenmation
caused by power losses due to power line media. The value of
SNR 15 denved from demodulation of the receiver. This can be
achieved by usmg the calculation as grven in the followng
formula.

All s
L} dB 0)

Anoise

SNR g = ZOIog[
Where
Aignw15 the amplitude of data signal (RMS)
2 i 15 the amplitude of noises (RMS)

In addition, the z1gnal attenuation (SA) can be calculated by

using (8).
10log] — | dB ®)
Pu
Where

P, 15 the s1znal power at the transmtter

S4 =

P15 the signal power at the receiver

The test of =signal quality was performed by varying the
power line length from 0 — 100 m At each particular length,
10000 tnals of =ignal transfer were camed out The SA and
SNR were therefore calculated as shown m Table I

TABLEI
TesT OF SIGNAL TONOISERATIO
Line [ength (m) SA (dB) SNE.(B)
5 042 232
20 0.64 225
40 1.02 206
60 116 201
80 268 195
100 3.51 192

The results of the zignal quality test by asseszsing the SNR
and SA of the signal at some distances as described m Table 1
revealed that when the lne lensth is increased, the SNR 15
reduced. The higher the SNR 1s, the better, as there 15 less
background noise. Longer lines are more sensitive to noise and
therefore the quality of the data s1znal 1s down.

In addition, data transfer emor of the PLC test system is
determined. From a data packet. the last portion is CRC which
15 used for checking the data transfer error. The value of CRC

15 governed by a polynomual of x +x" +x+1. The value of

CRC was randomly created and then was mcluded to a data
packet to be transferred.

TABLED
Test oe Cycric Repunpancy CHECk
Number of data transfer emor
Live lengfh () Data comparison Examiningz by CRC
5 0 0
20 1 1
40 1 1
60 3 3
80 5 5
100 6 6

From Table II, the data transfer ervor was increased by the
increased line length. This matched wath the SNR as reduced
by transmission distance. By using the CRC. the data transfer
ervor can be determined.

VII. CONCLUSION

In this paper, a power line camier communication for power

ing is p d. The test of signal transmmssion
quality was carmied out by a measure of SNR (signal to noise
ratio) and SA (siznal attenuation) in which the line length of
power lines was varied, up to 100 m The maximum SA and
the nunimum SNR are 3.51 dB and 19.2 dB, respectively. The
test also showed that CRC (cyclic redundancy checking) can
be used for evaluation of data fer ervor.

$al
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