Vol.1 Supplement Journal of Measurement Science and Instrumentation 2010

The design of monitoring communication system Baseah Power line
carrier
Wei-tao MU, Jian-jun HAO, Ping-xiang JIANG, Guo-wdi
(College of Information and Electrical Engineeringya@®dong University of Science and Technology, @ing86510, China)

Abstract — The design of the power line carrier ~ control communication system.
communication system was introduced in this paperDSP In the power communication system planning
was adopted as the hardware platform to complete thcore ~ @nd construction, as one of the basic means which
can transmit information in electric power system,
power line carrier has been widely used in
communication systems in the power
system ,experienced from analog to digital, from a
single function to the intelligent control, frometh
division to the development of integrated proEéss
became faster and more reliable. The experiment rafis Power Line Communication is transmitted the
showed that the PER of the receiving data is lessah 0.4%, modulation data after coupled to power line In the
which satisfied the power line carrier communicatio early development of power line carrier, power line
requirement. Our design is feasible and effective. carrier communication is mainly applied to
. . distance transmission at the high voltage powesslin
Keywords—DSP, Power line carrier, D/A, AID above 11kV,also the working frequency is 150kHz
Manuscript Number: 1674-8042(2010)supp.-0023-04 below, and now the band has become the formal band
dio: 10.3969/].issn1674-8042.2010.supp..06 of power line communication of European electric
power communication technology standardization
) commission at the 1950s,Low voltage electric
1 Introduction communication technology has been quite m&ure
All kinds of high power line carrier machine arise,
The power line carrier (PLC) communication is a which  is widely used for remote monitoring and
special method of communication with the functidn o voice transmission and equipment protec'[ionE3 &
transmitting data using the high voltage powerdine From the 1950s to the early 1990s, power line earri
with voltage of 35kV and above, medium voltage communication technology has been applied in the
power lines with voltage of 10kV or low voltage @ir medium and low voltage distribution network,
which is 380/220v subscriber line as the informatio mainly it is concentrated in the network load cohtr
transmission ~ medium.  Power line carrier electric automatic meter reading and supply
communication can transmit high speed usingmanagemef®, etc. In this period, application
existing lines through the carrier for analog or technology for medium and low voltage power
digital signal after modulation. Power line carrisr  distribution line is not mature, so that did not
the characteristic communication in electric power result in low-voltage electric communication protuc
system. In recent years, the power line carrierand services.
technology has entered into the digital age. S
objectivg theoretical basis 'anq reality to applg th 2 The design principle
power line carrier communication technology to the
In typical power line carrier communication communication equipment, through the same signal
systems, data signalsd into power network by the coupling network, the original signal is restored
signal coupling network, through the carrier after the demodulation. Due to the existence of 50H
communication equipment, after modulation andharmonic frequency interference of serious power
power amplifier. And on the other side of the power frequency .The working frequency range in genexal i
network, also the modulated signal of the power40-500kHZ™®.It utilizes the power lines for data
network is sent to the corresponding power lingiear transmission so it have many advantages which

task. DSP sending terminal delivered the collectingata to
the DSP receiving terminal through the power line arrier,
and the DSP receiving terminal send the data to PC
through a serial port. The design improved the powetine
carrier communication system and the data transmigen
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includes Transmission channel, less investment) hig carrier communication, the system should complete a
reliability and so on. series of signal system process, In the designepsyc

In this system the core task is completed usingthis system is based on the modular design method,
DSP as the hardware platform, meanwhile the sende€onsidering the separation of strong electricity an
collect the various parameters through DSP, Dataveak electricity and  electromagnetic interference
processed by D/A transformation chip completes thesystem can be divided into two parts  including th
analog-to-digital conversion, Then the signal is sensor signal acquisition and processing module and
processed by the simulation front-end circuitemaft power line carrier communication module  simply.
that the signal will be sent to the power line sign At the same time, the whole system can be  divided
channel through the coupled circuits, later thesinesr into three modules which includes the signal
receives analog signals by coupling circuit, fitlse acquisition, processing and transmission, the s$igna
signal filtering is completed, then the A/D processing mainly completes noise filtering fomsily
transformation is done through the A/D Chip, and analog digital conversion in order to facibtébe
afterwards the signal is sent to PC after DSPprocessing of the DSP. Peripheral hardware cifouit
processing, and the data monitoring is realizedPower line carrier module mainly consisted of power
through the PC. supply circuit, A/D, D/A transformation circuit,

coupled circuits, filter circuits, automatic gaioriner

3 The hardware design of the system amplifier circuit, power amplifier circuit etcThe
general block diagram of system is shown in fig.1.

In order to realize the function of power line
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Fig.1 The general block diagram of monitoring system ddewer Line Carrier

. and chip kernel voltage is 1.6 V. This system warks
3.1 The DSP minimal systems 1440 Qoo the clock signal of TME320VC5500
The DSP minimal system includes power managemen@dopts external vibration mode, External clock tspu
circuits, crystal oscillator circuit, reset cirguiTAG ~ from CLKIN pin, crystal oscillator of external
interface, memory expansion circuit, etc. In this oscillating circuits provides the system clock M2
design, the system uses TMS320VC5509 of  Tipassive crystdf. The clock expected frequency
company, while it adopts +3.3V and1.6 V power Was produced through digital phase lock
supply, among these the I/O supply voltage is 3.3V,00p(DPLL)Of clock generator and the clock mode
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registers by  frequency doubling inside, the output matching resistance of power amplifger i
JTAG(Joint-Test-Action-Group) namely boundary designed, Input channel the Surge protection fodeli
scan system, which can scan and test the logidS necessary, After the isolation of resistances th
values of each pin, various resources can be amtesssignal is sent to ground-clamp diode circuits, thés
within JTAG interface ,also it includes the regist ~ sent to former filter circuits.

RAM, ROM, various peripheral on chip, etc, also EW__

we can download a program through JTAG in order to W

compete the system debugging. The addressabl g9 4

storage space of TMS320VC5509 is large, also — ; =

interface is rich. It can be connected to the ! n,g‘ Dlx!m
synchronization SDRAM, also it can connect the -
asynchronous FLASH.TMS320VC5509 has four parts __1 3

also; it can be expanded space CEO0-EEBhe Fig.3The Coupled circuit

SDRAM is mapped in CEO space and CE1 space. The
FLASH is mapped in CE1 space .SDRAM and o
FLASH can realize the address multiplexing in CE1 3.4 AMP circuit

Space. The amplifiers (AMP) module purpose is enlarge

signal for75 times after filtering without distanti. In

3.2 Simulation Front end AFE1230 order to get an expected corresponding gain of 30dB
’ or more, the no distortion of Small signal should b

The A/D. D/A Chip in DSP platform used in this paper pay particular attention. Because the purpose isf th
is AFE1230 of Tl company, also the AFE1230 Module is mainly complete the amplifier of small
connected with DSP through multi-channel cacheSignal and also the circuit noise can not be tgo bi
synchrpnous serial port. At the_sender, the digital3 5 pAMP circuit

signal is converted into analog signals and thert se B _ _

out, in the receiver, the analog signals  receivied ~ Power amplifier (PAMP) works in soft switch
converted into digital signals in order to complete condition itself, because the Launch time is véryrs
signal demodulation by DSP. The hardware circuit\When choosing the triode parameters we should pay
between DSP and AFE1230 is as shown in fig.2.attention to its power parameter, also the worketim
BFSXO pin is frame control clock pin, also BCLKRO cannot be too long when testing. In order to avbél

pin is sampling control clock pin of DSP, BDXO pin damage to the power amplifier especially the output
while BDRO pin is the serial data pin of DSP. triode a resistor can be connected in series when

testing the whole board manual sculpture. But the
MCLE BCLKRO o output waveform and power will be affected at this
& RXDATA BDRO time.
= 0
= -
= RXBAUD = . .
< & 4 The testing and analysis of the
TXDATA BDX0 = System
TXBAUD BFSX0

At the sender and the receiver, we observe each
Fig.2 The communication interface between AFE1230 and point of signal use spectrum analyzer and osqlﬂpec
DSP _anql test performance of the systgm,_when this 1Byste
o is installed, The sensor data which is collectell w
3.3 Coupled circuits be transmitted through power line carrier, we caken

Coupled circuit h in fia.3.Couled cirsuit a careful observation of signals use the spectrum
Oupled circuits are shown in fig.s.Loupied cirsul analyzer and oscilloscope and test system

are output and input pathway of carrier signaloAls  performance. also we can test Error rate and Packet

can insulate power frequency in 380V/50Hz, in |oss rate using the PC test software, DSP receiner

practical designing circuits, Impedance charadtesis pc communicate with serial RS232, the test software
at the side of 380V should be ConSidered, T1 IBalg is written in ¢ #, BER and packet loss rate isdest

coupling transformer, generally impedance is3Q using CRC checksum.
at the side of 380V. Then we should determine mtio
impedance ratio of coil primary and secondary, lgna
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Tab.1 The experimental results of 20 meters away

e Baud rate Distance Quantity Quantity Successful receiving Error rate Packet loss

num originated received number rate

1 1kbps 20m 3280 3275 3262 0.396% 0.152%

2 1kbps 20m 3282 3276 3265 0.335% 0.183%

3 1kbps 20m 3270 3267 3255 0.365% 0.092%

4 1kbps 20m 3276 3271 3260 0.336% 0.153%

5 1kbps 20m 3285 3279 3267 0.365% 0.182%

6 1kbps 20m 3275 3268 3257 0.334% 0.214%
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