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ABSTRACT

A microwave eystem has been developed to operate at ?L GHz, for the
remote monitoring of bunrent in eletricd power lines. the microwave radio link
oarameters are: a maximum distance of 1@ meters between transmitter and
ieceiver, + 3 dBm transmitter output lrcwer and a receiver noise frgure of 12 dB.
Ihe meaeuring characteristice are: a wide instantaneous current range from 5 to
500 A, within a bandwidth up to I MHz and power line voltage of 13.8I(V.

INTRODUCTION

Ihe monitoring of the electricd power line parameters coneists nowadays
of an important eubject of study, since tleir qdgquate management en{ control
can result in coneiderable eaving of electrical enerry. In order to have an
efficient control of the energy flow, current and voltage seneors ars stratestcaly
dietributed along power lines, either of the tranemission or the distribution
types. Conventio-naly, the collection of voltage and current data is carried out by
c-urrent and voltage transformere. However, depending on the high voltage
value, these components become expensive, since they muet assnre a safe
isolation from the measuring inetnrment to the tnains.

In order to orrercome these problems, some solutions have been proposed
such as the VIP sensori -onufactured by Fisher Pierce, and the Power-Donut
manufactured by NITECH'z. The forner uses a coil coupled to the magnetic field
pnerated by the cur:rent flowing in the line, and the resulting sampled cwrent
fu taken to a remote station tbniugh a cable. The lrrtter uses the Bame principle,
but the information is digita[y coded and transmitted to a remote station by
radio waves operating at gO0 MHz. Recently, some optical sensors have also been
introduced witn good results3. However, none of theee systems is able to fulfill
the following requirments: low cost, light weight, wireless connection,
reasonable accuracy and compatibility with present andogue measuring
instrunents.

ThiB paper presents a current Bensor intended to trade-off these
requiremente, using-a short range microwave link [s transmit the data collected
neir the line'to a lemote stati6n. In the following sections it is described the
radiolink system planning, the outline of the tranemitter and receiver, and the
design consideratione for the microwave components.

SYSTEM PI,AIYNING

lhe radio link ws.e desigped to operate at ?]L GHz for its inherent
compactneee of the RF componeits and thi possibility of uei'g a small antenna
witf high gain- the eystenimmunity to interference is e"hanced by the use of
frequency modulntion techniquee and by the resulting narrow propagation
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beamwidtb. The system should be able'to operate at a maximum distance of
100 metere, and be capable of measuriug _current_ ig 13.8 I(V electrical lines
within a 5 to 600 A rdnge, in a bandwiilth of 1 MHz. In order to cope with
preeent electrical syet€ms, where aadogue as well as digital instrumente are in
iee, the radio link ilhorld also be able to operate with both systems by changng
one circuit module.

The analogue link parametes were calculated for trading .off the
specifications of uiual mierowave components with a minimum eignaVnoise ratio
of gg dB. It wae found that a transmitt€r g)wer of 0 dBm and a receiver noise
fieure of 12 dB are capable of meeting these specificatione with a frequency
d6viation of 10 MHz. Actordins to Cargon's Rule', the Tranemiseion Bandwidth
ie in the order of 20 MHz. -Io the caee of il8ital traaemieeion employing
200 Kbite, it is expected a lgw BEB, lese tban 10-6, considering the sane output
power,link coverage and noise figure.

A Ttaasmitting Section

The trtnsmittine section block diagram is represented in figure 1. It is
composed of two low -power coupling traneformem, a DC regUlatbr, a sigpal
orociesor aud tJre micr-owave radio. fte first trangfomer supplies power to the
bC reeulator. which provides biae for the electronic cireuits. The output voltage
of theiecond-tranefo;ner is prepared in tbe processor before being applied to tJre
%L GItz microwave VCO. Thb modulated cairier ie then tranemitted by a 20 dB
gain horn.

Frg 1 - Transmitter Block Diagram

B. Receiving Section

lbe receiving eection illuetrated in figure 2, contains a 20 dB gain horn, a
microwave VCO, a-nd a single balanced $hottky diode rnirsl. The resulting
?0 MHz eisnd ii delivered to a 4 dB noise figure IF amplifi.er. The modulated IF
sisnal ie i[emodulated usi.g a monolithiC PLL uaually employed in TVRO
syit€ms. Tbe signal is then applied to the sigual processor which recovers the
original informotion.

r.,v.6 orb?,-tfrta*

TF AMP

Fig 2 - Receiver Block Diagram.
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lvIIcRowAvE coMPoI\rEIrTs

A Microwave Oecillator

In order to realize a low coet ?/L GHz oecillator, it wes decided to employ a
MESFET device operating in the harrnonic mode5. By this technique, the device
oscillates atL2 GHz, and its second harmonic ie extrasted from the drain port by
an appropriate filtei. For this purltose, a pckaged MESFET type AT268:16 bi
AVANTEK featuring a gate lengtbof 0.6 U-m, was employed. The advantagee of
this approach are: to obfuin a hrgh frequency signal with an inexpensive device;
and, ihie to the presence of a firndamental frlter in the output, thre oecillator
becomes rather inseneitive to load variations. It must also be emphaeized that
the frequency deviation is aleo doubled in a harmonic oscillator, increasrng the
system signal-to-noise ratio.- lbe circuit parameters were detcrmined through a non-Iinear simulation
using PSPICE, studying the oscillating conditions for a grounded drain
oecill-ator, and the gecond harmonic content on the drain curreat wavefom. The
oscillating conditione at the gate are achieved ueing a, t2 GHz dielectric
resonatof (by Thomson), which also etabilizee the oscilletor with temperature.
The frequency modulation is obtained by corpling to the dielectric reeonator, an
open microsfip line regonator terminated by a MESFET, whose gate-to-eource
junction operates as a varactor. In spite of the eeries gate resietance preeented
bv this deilce, the degradation in the oscilator pheee noise was very lo_w. The
c6mplete circirit was- realized on 0.26 r'q thick DUROID 6880 substrate,
presenting anaeF2.2. The microstrip line rnaek of the sircuit is shown in frgure 3.

Fig 3 - Mask of the Har:monic Oscillator

Tbis type of eubetrate is not adequate for highly stable oscillator€, for its
temperature-sensitivity. However, this ie not relevant in this application, eince
the ieceiver local oscillator ie locked to the transmitter frequency. The resulting
oecillator performance is listed in table I.

8ttffitff$:: f*
Freduencv devi MHz
Fred' enc-v Stabilitv @(0 6T0oC) 

-+LZMId:
Frequency Stability @(0 ta 60oC)-+/-ZMHz
Phaie Noise @100(1Iz (meas. o DiGH'ilTg8 ag

Table I - Oseillator Performance

B. Single Balanced Mixer

The single balanced mirer used in the receiver emp_loys a 90o-hytrid ring
conetructed on O.ZEmm thick Duroid 6880 substrate. The diodes are Si Schottlry-
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banrier beam-lead diodes Epe IIP608%2229 by Hewlett-Paekartl, which typically
preeent a seriee regitance of 5 O and a zero-biae junction capacitance of 0.3 pF.
llhe conversion loee for a LO power of +3 dBm is equal to 8 dB, and the LO to Rtr'
isolation is greater than 18 dB.

C. Antenna + Waveguide/Coax fYaneition

Ibe ante"ns congists of a 12.5 cm p5'ramidal horn which presents 20 dB
gain and 18 dB return lose at 24Gllz.Ite waveguide/_coax trangition ie baeed on
in electric field probe, introducing 0.1 dB insertion loss and presenting 20 dB
retgrn lose. This-aeeembly acte ae a high pase filter, with a cutoff frequency of
19 GHz, tbus filtering the corone noise,emitted by the power linee. The probe is
shorted to ground by a 9Oo microstrip line, which introduces another filt€r to the
system, eh;'rting any etatic discbarge- for protection of the electronic circuits.

D. IF amplifier + 70 MHz PLL

A Silicon monolithic amplifier bv AVANIEK preeenting 20 dB gain and
3.6 dB noiee fuure at 7A MIII, was employed as the IF amp_lifier. Undeeired
noise outside tf,e transmieeion bandwidth is attenuat€d by the frlter at the input
of the IF amplifier. The PLL ie of tJre type NE668 by Signe_tics, gsudlly
employed in:MO s5rstems. The application of this type of demodulator doee not
requirc control of the IF power level, ae long as it opemtee within the specified
r8nge.

SIGNAL PROCESSOB COMPONENTS

A Analogue Processor

The following approach was selected taki'r-g into congideration the wide
remeni range required by the eyetem, and the possibility of buildiqg ameasurement rangb required by the system, and the possibility of building a

wide bandwidth low frequencv VCO. Figure 4.a displayE the transmitt€r blockwide bandwidth low frequencv VCO. Figure 4.a displsyg the transmitter block
diagram, where the meaeured- srgual ie alivided into two other signale. The fimt
con-tains the wavesheoe informafion within a baadwidth of I MHz, eo that 1 us

regulator, which trensforms the variable input eigpsl -into a eonstant ?eak-to-
oeik voltsge. and theu to en integratnn to obtain a voltage proportional to the
iurrnnt flo-wins throueh the line. -The eecond eicnd ie transformed bv a oeak

con-tains the waveehape i within a baadwidth of 1 MIIz,_ eo_that 1ps
cunent surges can be-displayed by the wavefom. Ibis eiglal is applied to an AC

ergnal is tran-formed by a peak

ie fuithe order of

current flo-wing through the line. lbe eecond ergnd ie transformed by a peg.k
detectc into i DC level, that controle a low frequency VCO, operating in the
6fr) KHz frequency range. Both signals are then added, and applied to the
micnowave VCO- Thus. dhe reeultins idormation bandwidth ie in the order of
6fr) KHz frequency renge. Both signsls are the
micnowave VCO. Thue, the reeulting information
1 MHr.

PEAK L F VCO
(frEcTon

a.Traasmittor

FILTER

b.Rpceiver

Proceseor

VARIAELE
GAIil

^IllPLI 
FIE R

f.lg 4 - Analque
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fire receiver part of the analogue prloceseor is depicted in figure 4.b. Ibe
70 MHz PLL output voltage ie used to lock the receiving microwave VCO to tbe
trausmitt€r. The processoi contains a filter that separatee the waveform from
the modulated carrisl seaffining the amplitude information, which will be
demodulated by a low frequency PLL. Both sigpale are applied to a variable gain
amplifier that recovers fhe original signal, to be conducted to conventional
instruments.

B. Digitel Processor

The digital processor located in the tranemitter is represe4t€d in figure
6.a. lbe output signal from the integrator is frltered tn 2.6I(IIz and then applied
to the A/D monolithic corverter, which transforms the input signal into digital
form. The waveforrn ie eampled usiog 8 bits plus 2 control bits, compoeing a
10 bits digital signal. The digital output is then directly applied to the
microwave VCO.

Fig 6 - Digital processor.

The dieital processor in the receiver ie shown in figure 6.b, and consists of
a low freque-ncy PLL, for recovering the clock signal,-and a ilnc circuit for
extuacting-the iligital information from the received code. The DC level of tJre
control rn"ts is employed to generate a correction signal, through a get€ controlled
by the sync sircuit" lbis cireuit is followed by an integrator, that locks the
niicrowave VCO to the transmitted signd

PERF'ORMAIYCE OF THE % GF:z TR"ANSII{ITTER/RECEMA

The microwave components deecribed previously were developed and
aseembled to compose a transmitter and a receiver. the tranemitter is depicted
in the upper part- of fuure 6 and the receiver in the lower one. The electrical
charactciiitici of the-transmitt€r are mainly dependent on the oscillator
performence. For the receiver, consisting of oscillator, mi*s1 and IF amplifier it
was obtained a conversion girin of 13 -dB, and a noise frgure of L2 dB. lbe
transmitter will be housed io an aluminun cylinder measuring 3 incbes io
diameter and the receiver in a conventional squared cabiuet. A brief estimative
of tbe aystem ascurecy wae made by etudying the eources of error. For the
analogue syetem, the 6ain source of error occurts in the transmitt€r, epecifically
in the low frequency VCO, since all other components are temperature gtable
and linear in rwidcvoltage rangs. The orrerall expected accuracy isin the order
of 6%. For the digitsl eyetem, the acctrracy ib eotirely dependent on the
analogue-to-digitsl -converter, for which an acsuracy better than L.O% is
erpeeted.

a-Tranemitter b.Receiver
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I.ig6 - Photo of the ?AGHr transmitter/receiver system

CONCLUSIONS

lbis DaDer presentpd a brief deecription of a microwave eystem desigpd
to monitor t}e curient flowing in electrical power lines. Detaile of the microwave
t*anJmittp ina receiver hive been gio-en and their prformance can be
eunnarired b'v: trangnittinc power of + 3 dBm at ?A Gli[ and receiving noir-q
ns,rte of less tUen fZ dB. F5on tests w€re not carried out eince this syetem will
16 eooliea 6 different sihrations. In eorn€ ceEee it will employ the
moaulitorfaemoauUtor approaches descriH here and in others it will use
E"e,'ioutd'isitel deeigls wf,ere it will erseatially repl,ace cebles end overcome the
i"olation ofrbbms a-smciat€d with hisb voltage. F-inally, it can be eaid that by
employinE digitsl signel proceseing, t[e system willresult morre exl]ensive, bu! it
pre'edts:re't/erel adlantigps corcerning 

-accuracy, 
tomperahrre stability, and e

firrther gnhqncernent in its immunity to intcrference.
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