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ABSTRACT

Customers billed through single-phase energy metans
amount to 70% of total customers in Brazilian tigh.
Any increase on the cost of such meters largehaatgp
utility costs.

This article proposes the use of algorithms thatchkow
computational resources to be embedded in low-cost
single-phase electronic billing meters for the déten of
power quality events. The transformation of theglein
phase sampled signal into virtual poly phase signal
allows the detection of many power quality evewith
reduced processing effort.

The results, obtained by using a low cost meter layd
simulations, show that this solution can be impletae
on low-cost meters to detect power quality distodss.

INTRODUCTION

A large Brazilian utility with 5.5 million customgrhave
4.2 million connections through single-phase metany
cost change, in single-phase meters, producesge lar
impact on the utility costs. The design of thosderseis
oriented for low cost. Complex algorithms for power
quality, like real-time filtering and Fourier analy,
cannot be used in most low cost meters.

Event detection algorithms for poly-phase billingters
were proposed on previous works [1] and [2], inaigd
voltage sag and swell, voltage unbalance and hacmon
distortion. The necessary processing capabilitiesent

its use in low cost meters. Changes on the detectio
algorithms can add power quality functions to seagl
phase billing meters.

A technique used by BOLLEN [3] to extract trans&is
based on the comparison of samples from one cyitte w
samples from previous cycles. CUTRI [5] extracts
symmetrical components and harmonic distortions in
three phase systems working with delayed samples.
The method herein presented proposes the trandforma
of a single phase sampled signal into a virtuay{piase
signal. This transformation allows low cost procgsso
detect some power quality events and to detect some
harmonic orders present in voltage signal. Simoifati
results for 2, 3 and 5 phase virtual signals amvsh A
low-cost meter created with an Arduino platformuged

to validate this method for low cost processors.

The detection of load switching is also tested wiits
method. This function can improve meter intelligexy
offering customers detailed load information. Siatigin
results for load switching detection are also pmeesid
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CONVERTING SINGLE-PHASE SAMPLES
INTO VIRTUAL POLY-PHASE SIGNALS

Transient Detection Using Instantaneous Sum of

Voltage Phases

Instantaneous sum of voltage phases (zero-sequence)
equals to zero in a balanced system without disttst
Unbalances and distortions change the sum resadicam

be used to detect some events. In BOLLEN [4]is one

of 7 components used to classify events in threeseh
power systems.

Figure 1 shows a simulated transient event in pliase
which is detected with this method in a tree pteastem.
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Figure 1 — Transient detection in a three-phastesys

In a single phase system, delayed samples canektois
create virtual phases. A virtual three-phase systembe
created with delayed samples by 1/3 and 2/3 of the
fundamental cycle.

The sampled signal is stored in a circular buféerd the
incoming sample is summed with delayed samples at
120° and 240°. The resulting signal is also stdre@
circular buffer for transient detections. This pss is
shown in figure 2.

Incoming sample
£-240° 6-120° O
2
i

Oldest sample ¥ 9

£ shift

NZEZE

2]

<gshit ],

HERERENZZZZ0
Resulting signal

Figure 2 — Generating a virtual three-phase




There are two main differences in relation to thethod with 2* /N delay. Diagrams for the use of this method
where the previous cycle is used as referencet, Firs with 2, 3 and 5 phases are shown in fig 5.
detected transient is repeated, because it apjrephase Delay Delay  Delay
A and in virtual phases B and C. It is not a prablehen
it is used only as a trigger for event detectiod storage.
Second, all the zero-sequence harmonics are seémeon
composed signal, because the delay elements have th
exact period of those harmonics. Delay  Delay Delay  Delay
Figure 3 shows the result of a transient detectiom r Zm i I
single phase system. The transient detection isategd | | |
for each virtual phase.
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e SIMULATION RESULTS
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Figure 3 — Transient detection in a single-phastesy program are used to verify the detection of tramsie
voltage events. The simulated events are testdd 2yi8
Low cost meters usually work at a fixed sample eatd and 5 phases systems.

have no synchronism with the power system. Low $amp  Short duration voltage sag and swell simulationshwi
rate, as 32 samples/cycle, are common for thosermet  PSIM (half-cycle) are shown in figure 6 for a twhgse
The phase error produced at this sample rate can besystem and in figure7 for a three-phase systeminQur

greater than 5°. To reduce this phase error, thatida of voltage sags, a signal of opposite phase is gestkrat
each cycle is measured and an interpolation isutzitd whereas during voltage swells, a signal with thmesa
for the correct point. A voltage signal from thewsw phase is generated.

grid, sampled at 10 bit resolution is presentedign 4. Va  Veum_2f

The resulting signal calculated directly with tremples
is shown in blue; the obtained signal with integtet
points is shown in red. The rms voltage of the gztee
signal reduces from 7.7V to 4.2V with the interpiaa.
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Figure 6 — Sag and swell in two-phase detector
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Figure 4 — Interpolation effects over the resultsignal Va  Veum 3f

Harmonic Group Detection

This virtual poly-phase system may be created witj 001 0.02 0.03 ood 008 0.08
number of phases. For a N phase system, the regulti Figure 7 — Sag and swell in three-phase detector
signal is the sum of incoming sample and N-1 sasple
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Long duration voltagesags and swells generate
detection event at thetart and another the end. Figure
8 shows a long duration voltage ssighulationdetected
at start, and detected again at end.

Figure 8 — Long duration voltage saghree-phase
detector
A custom simulation program was created to test
algorithms. Parameters like sample rate, frequer
harmonics and A/D resolution can be tested witls
program. The program interface is shown in figu

Figure 9 — Custom program createdest the methc

Simulation results can be exported tgraphicor spread-
sheet format. Figure 10 shows a simulation f"

harmonic detection. The red line is the phase geltéhe
green line is the virtual thrgghase system detector &
the black line is the detector using previous cy
samples.
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Figure 10 -Custom simulator output scre

RESULTS IN A LOW -COST PLATFORM

A low-cost meter based on Arduino platform wast to
test the algorithm. The meter configuration h. 8 bit
processor ATmega328, running at 16MHz. T
processor has a 10 bit A/D converterB RAM and
32kB flash. Some peripherals (LCD display, -time
clock and a 4GBmemory SD card) were added
enhance the interface with the userd to allow file
storage of measurements. Those periphera not affect
the processor performance. A conditioning board
added to adjust the input signal amplitund to filter
frequencies greater than Fs/2.

Voltage and current RM8alues are calculatecvery 12
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cycles and aggregatexhach 180 cycles, as IEC 61(-4-
30 [6] recommendsFrequency is calculated each
seconds, but the duration of each cycle is meastar
reduce the error of interpolated vall

The events were generated with a 390 AMX Pa
Power Soure and the detected signals were stored ir
memory SD card.
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Figure 11 -Hardware used to test the propose algori

The meter was programmed to store two cycles ir
detection of an event. The stored values have 1
resolution, they are noprocessed, there is no off
adjust and no gain correction. Figul2 shows the
detection of a harmonic distortion generated by A
Pacific source.In the sequence, figurl3 shows the
stored samples when meter detects the end of hart
distortion.

700

600

/\

w /N [~ N\ .
N/ \_/
% \/

100

0

Figure 12 -Stored samples after transient detec
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Figure 13 -Stored samples after stopping distor
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CURRENT MEASUREMENT TO DETECT CONCLUSIONS

LOAD SWITCHING The proposed method can be used to detect transient

Another application of this method is the detectiwi events on the power grid. Voltage sags, swells,
load switching. In this case, the objective is deritify oscillatory transients and harmonic variation coblel

the occurrence and to measure the new current. The detected with simulation programs and with low-cost
simulated model is the same used with voltage detec meters. The results obtained with the low-cost mete

but only a 360° delay element is used for the caispa
with the previous cycle. The PSIM simulation model
shown in figure 14.

show that this algorithm can be used with singlaggh
billing meters.

Load switching could be detected with simulation
programs and will be tested with another versionhef
Arduino meter, because the memory in this version
cannot handle the necessary buffer.
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Figure 15 — Detection of a resistive load switchimgoff

A problem detected with this method occurs for kad
varying in time. A simulation of an incandescenntg
with a high current at start and decreasing alomg,tis
shown in figure 16. As the load current decreafies,
detector senses and indicates a current in oppuoisése,
as a load switching off. This problem will need a
processor with a larger buffer capability, to steaenples
until the load reaches steady state.

Figure 16 — Time varying load detection
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