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Abstract A brief description of the designed digital sampling electricity meter based on the
modern Texas Instruments TMS320C6711 DSP is given. The electricity meter measures basic
electric network parameters such as rms values of voltages and currents, powers, energy,
power factor and net frequency. A brief discussion of measurement accuracy and error
correction is also given.

1. Introduction

Basic instruments for the most accurate measurement of electric power and energy are digital
electricity meters. They use digital multiplication of voltage and current samples, [1], [2],
received from one A/D converter with multiplexed inputs, [3], or they may use separate A/D
converter for each input signal, [4]. The advantages of such instruments are obvious: high
accuracy, short- and long-term stability, complex net parameters measurements, possibility of
remote automated data processing, autocalibration, selftest and many other functions resulting
from the microprocessor-based digital system possibilities. With today‘s high computing
power of digital signal processors it is also simple to measure the reactive power, apparent
power, phase shift, power factor and the frequency spectrum of the power network signals.

Very important characteristic of electricity meters is their accuracy. It depends on the
accuracy of the analogue input circuits, the accuracy of the sampling process itself, [5], the
accuracy of A/D conversion and the accuracy of digital calculations. In digital sampling
electricity meters the measurement error can be simply eliminated in the digital signal
processing. In this case the main problem is the stability of the parameters of these parts
which handle the measured signals. The analogue input circuits must be constructed using
highly stable components. A/D conversion with multiplexed inputs of A/D converter must use
one of the known methods of compensation of errors caused by time delay between the
multiplied voltage and current samples, [6]. Better way is to use separate A/D converter for
each input signal. There are many methods of error correction in digital electricity meters, [7].
Most of these methods use software correction based on calibration process.

Digital electricity meters have different measurement and communication possibilities and
different prices. The accuracy of the best instruments is of the order 0.01 %.

2. Electricity meter description

The proposed instrument is able to measure all basic three-phase net parameters (rms values
of voltages and currents, active, reactive and apparent power, power factor, frequency and
energy delivered into the load). It can calculate the frequency spectra using FFT.

Block diagram of the proposed instrument for power and energy measurement (PEM 6711) is
in Fig.1, [8]. Analogue part contains circuits for sensing and conditioning of the net voltages
and currents. A block of six A/D converters digitises the signals from the analogue part. The
DSP part with the Texas Instruments TMS320C6711 processor makes necessary calculations
and signal processing in digital form. It also contains software for three-phase signal

17



Measurement in Biomedicine e J. Hribik, P. Fuchs, M. Hruskovic, R. Michalek, B. Lojko

generation with the output through a D/A converters block and a frequency output with the
frequency proportional to the measured power.

Microcontroller board with the Texas

3 Instruments TMS320F243 processor controls

D | D b= DSP = p;s | the operation of the device. It controls some
circuits of the analogue part, displays the
i S | results and enables communication with other
instruments via infrared or RS 485 interfaces.
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Display Keyboard InfOut 3. Error corrections in electricity meters

Fig. 1. Block diagram of the designed electricity meter. To increase the accuracy of the electricity
meter a few precautions must be done. First of
all the start of sampling must be synchronised with the input signal. Simple and often used
method is to start sampling in the instant of zero crossing of the input voltage or current.
Better accuracy can be achieved if the sampling starts in the instant of crossing the rms value
of the sampled signal, [9]. It is difficult to realize in a three-phase system or if there is a phase
shift between the voltage and the current. The best accuracy, from this point of view, needs
synchronization of the sampling frequency with the frequency of the input signal, [2].

The sampling of the real waveform usually approximates the waveform by a staircase or a
piecewise linear function. The rms value and the power are calculated in staircase
approximation by, [10],

Pz—Zul.il. , (1)

and in piecewise linear approximation by
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The approximation increases the error of measurement but because of the symmetry of sine
and cosine functions this error may be small. The error increases if the waveform is distorted.

The number of samples, N, used to get the average value with the desired accuracy must be
sufficiently high, [5]. That means high sampling rate or long averaging time. High sampling
rate makes it possible to average the samples with good accuracy even during one period of
the net signal. It is then possible to register even short transitions in power consumption and
to change the frequency output after every period of the net signal.

Usually, the input signal conditioning circuits are not adjusted very accurately. Even very fast
DSP is not able to make corrections of every sample (for the three-phase system six samples
must be corrected per one sampling period and all other calculations and operations must be
also done). One possible way to overcome this problem is in [11]. Of course, it is possible to
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use lower sampling rate to extend the time period between two neighbouring samples but with
the consequences following from the notes mentioned above.

One serious problem to be solved for accurate power calculation is the calibration process
itself. In electricity meters, three values must be calibrated: voltage U, current / and parasitic
phase shift ¢, between U and I. The best way is to carry out the calibration process
automatically, using a computer. The computer controls a signal source (sets the desired
measured values), reads the necessary values from the calibrated and reference instrument in
the same instant, calculates the calibration constants and stores them in the memory of the
calibrated instrument. Manufacturers of electricity meters usually have such possibility.

The designed instrument contains an algorithm for voltage calibration using the least squares
method. The current calibration can be done using the same algorithm but usually the
measured current is not stable. In this case it is necessary to synchronise the measuring time
period of the calibrated and the reference instrument or to use mean values. It is also possible
to use frequency output of the instrument with the output frequency proportional to the
apparent or active power. The frequency proportional to the measured power is compared
with the correct value in the precise reference comparator. In this way, the calculated apparent
power, S;, is compared with the correct power value, S. As the voltage is correct (calibrated
already) the mean value of the apparent power relative error is the same as the mean value of
the current relative error. These errors in a few points over the calibrated current range can be
used to calibrate the current by the least squares method.

In the case of the frequency output based on the active power such current calibration
procedure must be repeated because of its slight dependence on the phase shift correction. A
method was carried out to calculate the current and the phase shift at the same time. The
measured powers, P;, P;,, for two different phase shifts, 0, ¢, are compared with the correct
values, P, P,, respectively, using the frequency output of the instrument. The mean values of
the relative errors, J, d,, yield the mean values of the calculated powers

o
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The equations to be solved to get the mean values of the measured current and parasitic phase
shift are

P =UI cos((pp) , Pi(p =UI cos(p + (pp) 4)

Using mathematical formula for the cosine of the sum of two phase angles, [12], and taking
into account that ¢, is a small phase shift it is possible to simplify this equations. The simplest
solution follows from the well known fact that if x is small then sin(x) = x [rad] and cos(x) = 1
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Fig. 2. Errar of the approximate current and phase shift carrection.

For phase shifts ¢, up to 5° the error of this solution is of the order of tenth per cent as shown
in Fig. 2. Here, for starting values of / and ¢, the exact values of powers P; and P, are
calculated from equations (4), the values of I and ¢, are calculated again from equations (5)
and compared with the starting values. The values U = 100 V and ¢ = 60° were used.

4. Conclusions

Brief description of the designed digital electricity meter is given. The analogue part of the
instrument consists of the signal sensing and conditioning circuits for the three voltage and
current channels. The digital part contains the microcontroller board with the connected
keyboard, graphical LCD display, infrared and RS 485 interface, the DSP board for the
necessary calculations and the separate A/D converters for every voltage and current signals.
Modern Texas Instruments TMS320F243 processor and TMS320C6711 DSP were used to get
a powerful measuring system. Error sources and error correction are briefly mentioned.
Simple current and phase shift calibration algorithm was designed to overcome the problems
with the instability of the measured current. The resulting errors of simplified calculations are
plotted in Fig. 2 and show the accuracy of the order of tenth per cent.

Acknowledgement

This work is supported by the Slovak grant agency GAT under the grant No. 102/VTP/2000.

20



MEASUREMENT SCIENCE REVIEW, Volume 4, Section 3, 2004

References:

[1]
2]

Kahmann, M.: Elektrische Energie elektronisch gemessen: Mefgerétetechnik, Prifmittel,
Anwendungen. Vde-verlag, Berlin, Offenbach, 1994. (In German).

Webster, J. (ed.): Wiley Encyclopedia of Electrical and Electronics Engineering Online.
John Wiley & Sons, Inc., New York, 1999.

Schwendtner, M. F.: Digital Measurement System for Electricity Meters. In: Proc. of the
Conf. ,Metering and Tariffs for Energy Supply®, Brighton, UK, July 3-5, 1996,
Conference Publication No. 426, IEE 1996, pp. 190-193.

K2006 Three-Phase Comparator. Operational Manual. EMH, Brackel - MTE, Zug, 2003.
Stenbaken, D. N. — Dolev, A.: High-Accuracy Sampling Wattmeter. IEEE Trans. on
Instrumentation and Measurement, Vol. 41, No. 6, Dec. 1992, pp. 974-978.

Pereira, J. — Postolache, O. — Girao, P. — Ramos, H.: Minimising Errors Due to Non-
Simultaneous Sampling of Voltage and Current in Digital Power Measurement Systems.
In: Proc. of the 12™ IMEKO TC4 Internat. Symp. ,Electrical Measurements and
Instrumentation”, Part 1, FEEC Zagreb, Croatia, September 25-27, 2002, pp. 307-310.
Dado, S. — Vedral, J.: Analogové a ¢&islicové méfici pfistroje II. Textbook of CTU,
Prague, 1981. (In Czech).

Michalek, R. — Gabor, P. — Fuchs, P. — Hribik, J. — Hruskovic, M.: Digital Electricity
Meter. In: Proc. of the 12™ IMECO TC4 Internat. Symp. ,,Electrical Measurements and
Instrumentation”, Part 1, FEEC Zagreb, Croatia, September 25-27, 2002, pp. 303-306.
Michalek, R. — Gébor, P. — Lojko, B. — Fuchs, P. — Hribik, J. — Hruskovic, M.: Digital
Electricity Meter. In: Proc. of the 13™ Internat. Czech-Slovak Scient. Conf.
,Radioelektronika 2003, FEKT Brno, Czech Republic, May 6-7, 2003, pp. 99-102.

[10]Sedlacek, M. — Haasz, V.: Electrical Measurement and Instrumentation, Vydavatelstvi

CVUT, Prague, 2000.

[11]Fuchs, P. — Michalek, R. — Gabor, P. — Lojko, B. — Hribik, J. — Hruskovic, M.: Digital

Electricity Meter. In: Proc. of the 4™ Internat. Conf. ,Measurement 2003%“, SAS,
Smolenice Castle, Slovakia, June 15-19, 2003, pp. 411-414.

[12]Bronstejn, I. N. — Semendajev, K. A.: Prirucka matematiky. 3rd edition, SVTL,

Bratislava, 1964. (In Slovak).

21



