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Abstract

For various technical and operational reasons, many power quality surveys are carried out
using non-standard data aggregation intervals. The data aggregation interval is the time
interval that rapidly sampled data is reduced to by the monitoring instrument for
subsequent analysis and reporting. Some of the rationales for using non-standard data
aggregation intervals include instrumentation limitations, memory restrictions, a belief
that more insights may be obtained from data captured at faster aggregation intervals and
dual use of instrumentation (such is the case for many smart revenue meters). There is
much conjecture over the effect which the data aggregation interval will have on the final
outcomes of a power quality survey. IEC61000-4-30 which is the international standard
describing power quality monitoring methodology suggests 10 minute data aggregation
intervals are appropriate for routine power quality monitoring of most power quality
disturbances including magnitude of supply voltage. This paper investigates the variation
observed for magnitude of supply voltage monitoring when data is captured at a range of

data aggregation intervals.

1. Introduction

To report power quality it is necessary to reduce data
sampled at high sampling rates down to a form which is
useful without the loss of important detail. The method of
reducing high speed data down to more useful data is
known as aggregation and the time period over which the
data is aggregated is called the data aggregation interval.

It is important to note the distinction between data
aggregation interval and data sampling frequency. The
sampling frequency is a basic function of the monitoring
instrument and associated digital signal processing. Most
modern instruments now sample at 256 samples per cycle
or 12.8khz (or more) for continuous data thus exceedin%
the Nyquist requirements for sampling data up to the 50"
harmonic. The data aggregation interval is the time
period over which the sampled data is combined to
produce an average. For voltage measurement, most
modern equipment measures the RMS value of the signal
every half cycle. If the instrument is compliant with IEC
61000-4-30 [1] these half cycles values are then RMS
averaged to a 10 cycle value which forms the basic
building block for all aggregation to longer intervals.
Common aggregation intervals include 3 seconds, 10
seconds, 10 minutes, 15 minutes, 1 hour and 2 hours;
though in reality any aggregation interval is possible.

Once the most appropriate data aggregation interval has
been determined, analysis and reporting of power quality
data is generally performed by statistical analysis of data
over specified time intervals. This time interval is often
days or weeks. The data aggregation interval is very

important because depending on the type of signal to
be measured, too long an aggregation interval may
result in the loss of important detail due to the RMS
averaging processes. Too short an interval may result
in copious amounts of data that is difficult to assess,
may not be meaningful and presents a difficult
storage problem if the data is to be retained.
Therefore the aggregation interval much be chosen
such that the amount of data to be analysed is
reduced to manageable form whilst ensuring that
sufficient detail is available to ensure a good
indication of disturbance levels is achieved.

For most continuous disturbances, IEC61000-4-30,
the international standard regarded as best practice
for power quality monitoring, recommends 10
minute aggregation intervals for routine power
quality monitoring surveys. There are many power
quality surveys carried out using aggregation
intervals other than the prescribed 10 minutes.
Reasons for this vary but include: a perception that
deeper insights will be obtained from results
established using data sampled at a faster aggregation
interval and dual use of instrumentation, for example
smart revenue meters which generally aggregate data
to 15 minute intervals.

Although standards define the recommended
aggregation intervals for performing routine
monitoring there is little indication in the standards,
or other literature on the topic, concerning the impact
that aggregating data at non-standard intervals will
have on the results of routine monitoring. In [2] it is
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demonstrated that using different aggregation intervals
has the potential to mask otherwise important voltage
behaviour, though the paper does not give any specific
recommendations as to the most appropriate aggregation
interval to use. The method suggested in clause A.6.2.2
of IEC61000-4-30 for conducting routine magnitude of
supply voltage surveys is assessment of 95" percentile
values of 10 minute voltage data over one week. In spite
of the fact that the standard calls for the 95" percentile
statistical confidence level to be used for analysis of data,
other statistical levels are often discussed and may be
useful in some cases. These include statistics such as the
maximum (100" percentile) and the 99" percentile.

In the case of voltage, analysis is complicated by the fact
that the optimum value for voltage is not zero but the
nominal voltage which is contained within a double sided
band. Therefore, to fully quantify voltage performance
two statistics are necessary, one for the high end of the
range and one for the low end. Thus voltage may be
described by a maximum and a minimum (0 percentilez
or other statistics such as the 95" percentile and the 5
percentile.

This study quantifies the effect that using different
aggregation intervals will have on the statistical results
over a one week period. This allows conclusions to be
made regarding how aggregation interval influences the
reported voltage magnitude values. It should be noted
that this study only addresses this question for routine
monitoring purposes. For troubleshooting or fault
investigations, other aggregation intervals may be more
appropriate. Three sets of statistics to characterise voltage
are concentrated on, namely, the maximum and
minimum, the 99" percentile and 1% percentile, and the
95" percentile and 5" percentile. The aggregation
intervals to be tested are 30 seconds (which was the
shortest interval over which a meaningful amount of data
could be compiled), 1 minute, 10 minutes (recommended
interval in IEC61000-4-30), 15 minutes (corresponding
to the basic revenue metering interval which is used in
many smart tariff meters) and 1 hour.

2. Test Data

The test data used in this study has been collected by The
University of Wollongong during various power quality
projects. All data used was recorded by monitoring
instrumentation employing data aggregation intervals of
30 seconds or less.

There are 9 distinct sites which have provided data for
this study. These sites are a mixture of low voltage and
medium voltage sites. Of these sites some provided data
for one week whilst others provided data for multiple
weeks. For sites with data spanning multiple weeks, data
was chosen during different times of the year in order to
attempt to quantify the seasonal effects on the results. For
the purposes of this study, where data was collected over
multiple contiguous weeks for one site, the data
corresponding to each week is treated as if it is an
independent site. For these sites the naming convention
adopted in this paper is for the site to have one numerical

identifier and the weeks to be further numbered. For
example Site 1 which has three weeks of data, will be
named Site 1 Week 1, Site 1 Week 2 and Site 1
Week 3. Where necessary for ease of graphing, week
has been reduced to W resulting in Site 1 W1 for Site
1 Week 1 and so on.

All of the sites used in this study are strong sites,
meaning that they are located close to or at a
transformer. Details of the sites supplying data to this
study are outlined below:-

e Site 1: Medium voltage. 3 weeks of data.

e Site 2: Low voltage. 3 weeks of data.

Site 3: Medium voltage. 3 weeks of data.

Site 4: Medium voltage. 4 weeks of data.

Site 5: Medium voltage. 3 weeks of data.

Site 6: Medium voltage. 3 weeks of data.

Site 7: Zone Substation which supplies 3 low

voltage sub-sites, Site 7a, 7b and 7c. All sites

have 1 week of data.

e Site 8: Zone Substation which supplies 4 low
voltage sub-sites, Site 8a, 8b, 8c and 8d. All sites
have 1 week of data.

e Site 9: Medium voltage. 1 week of data.

3. Testing Procedure

The process of aggregating data from short time
intervals to longer time intervals using an RMS
averaging process results in smoothing of the data
and the loss of high frequency components as the
data aggregation interval gets longer and longer.

Before examining the test procedures used to assess
the variation of data across aggregation intervals it is
worth reviewing methods of statistical analysis of
data and statistical confidence levels. A statistical
confidence level describes a value for which the data
will less than or equal to for a certain percentage of
the time.

As an example consider the 95" percentile. This is
the value for which the data will be less than or equal
to for 95% of the time. Of course the timeframe over
which the statistical confidence level is determined is
important and there has been some debate on this
topic, however, it is beyond the scope of this study to
discuss these ideas. If the 95™ percentile level over 1
week is considered it can be calculated that the 95"
percentile level will exclude 8.4 hours worth of data
from the week. This equates to the loss of 9 hourly
intervals, 34 fifteen minute intervals, 51 ten minute
intervals, 504 one minute intervals and 1008 thirty
second intervals.

Figure 3.1 shows the one week trend of data from
Site 2 Week 3 for some of the data aggregation
intervals under study in this paper. It can be seen that
as data is aggregated to longer and longer intervals
there is a noticeable smoothing effect. That is,
although the basic shape of the trend is preserved,
there is a loss of high frequency peaks and troughs.
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This is particularly apparent when the data is aggregated
from 1 minute intervals up to 10 minute intervals. It can
be seen that the spikes seen in the 30 second and 1
minute data aggregation trends are not carried through to
the 10 minute trend. This smoothing of data results in
short term values which will be higher (at the top end of
the voltage range) and lower (at the bottom end of the
voltage range) than data aggregated at longer intervals.
The exact variation between data aggregated to the
different intervals is discussed below.
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Figure 3.1: One Week Voltage Trend for Site 5; Data
Aggregated to 30 Second, 1 Minute, 10 Minute and 1
Hour Intervals

Three basic statistical confidence levels are examined in
this paper. These are (a) the maximum, (b) the 99"
percentile and (c) the 95™ percentile. As the voltage data
is subject to an upper and a lower limit, it is necessary to
calculate statistical confidence levels to assess both the
upper and the lower end of the voltage scale. Thus the
lower end of the voltage range is defined by statistical
confidence levels which are symmetrical to the three
given above. These are (a) the minimum, (b) the 5"
percentile and (c) the 1% percentile.

Once a uniform data set was realised the testing
procedure was relatively straight forward. Using the 30
second data as a base, the data was further aggregated to
produce values for each of the aggregation intervals
under test. Once this was achieved, the first stage of
assessing the wvariations in values calculated using
different aggregation intervals involved calculating
statistical levels for each of the test aggregation intervals
at each site. That is calculation of the maximum, 99"
percentile, 95" percentile, 5" percentile, 1% percentile and
minimum values over a one week period for each site
using data aggregated to: -

— 30 seconds

— 1 minute

— 10 minutes

— 15 minutes

— lhour
For example for the case of the maximum there will
be 5 values for each site, that is the maximum 30
second value, 1 minute value, 10 minute value, 15
minute value and 1 hour value. As an example of the
variation seen when statistical confidence levels are
calculated for one week using different aggregation
intervals, Appendix A shows a graph of the
maximum values obtained for sites 1, 2, 3 and 4 for
each test aggregation interval.

Once these statistics have been calculated for each
site the variation of each statistical level across the 5
different aggregation intervals under study can be
determined. These variations may then be used as the
basis for calculating the characteristic variations
across the 5 different aggregation intervals for all
sites.

4. Results

4.1 Variation between 30 Second and 1 Hour
Data Aggregation Intervals

Once data has been statistically analysed it is
possible to take measures of the variation of the
statistical measures for each site. For example, each
site will have a maximum value for each test
aggregation interval. It is then possible to calculate
the variation of the maximum values across the
aggregation intervals. If this process is repeated for
each site there will be 27 (one for each site)
variations calculated. From these 27 variations,
further statistics can be calculated such as the
maximum of the variation of maximum values, i.e.
the maximum of the 27 variations obtained for the
maximum at each site, and the average value of the
variation of maximums.

Figure 4.1 shows the variation between the shortest
aggregation interval, 30 seconds, and the longest
aggregation interval, 1 hour for each of the tested
statistical measures, calculated using the method
described above. Using the shortest and longest
intervals give the absolute maximum variation that
will be seen and represents a worst case scenario.

It can be seen that most variation of the test
aggregation intervals occurs for variations in
minimum levels, followed by variations in maximum
levels. Figure 4.1 also indicates that there is very
little variation in the test aggregation intervals for the
statistical confidence levels; 99" percentile, 95"
percentile, 5" percentile and 1% percentile. Detailed
analysis of the variations across the test data
aggregation intervals is outlined below.
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Variation of Across Aggreg: Intervals for all Sites
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Figure 4.1: Variation of Statistics across Test
Aggregation Intervals

4.1.1 Variation of Maximum and Minimum
Values

Figure 4.1 shows that there is considerable variation of
maximum values across the different aggregation
intervals. The variation between the maximum maximum
value at a site which occurs for 30 second data and the
minimum maximum value which occurs for 1 hour data
for all sites was 2.8%. This means that if data was
assessed using 30 second data aggregation intervals the
value reported would be 2.8% higher than the value
reported if the data was assessed using data aggregated to
1 hour intervals. Given that the nominal voltage range is
12% for low voltage and 10% for medium voltage, this
2.8% increase represents 23% and 28% of the voltage
ranges respectively which is a significant figure. High
variation in the maximum values is an expected result
due to the fact that the maximum is a quite volatile
statistic and it is for this reason that maximum values are
not generally used for assessment of site performance.
With respect to aggregation intervals it is unsurprising
that the 30 second maximum is considerably higher than
the 1 hour maximum as any rapid changes occurring on
the 30 second time-scale would need to persist for quite
some time to have any impact on the 1 hour value. This
indicates that maximum values are occurring randomly
and rarely persist long enough to have an impact on the
longer term aggregation intervals.

The average variation between the maximum values
across aggregation intervals was found to be 1.4%. This
represents a 50% decrease on the maximum variation of
the maximum values. The large difference between the
average variation of maximum values and the maximum
variation of maximum values indicates either that there
are a few sites which have large maximum variations and
some sites which have very small maximum variations or
that there is a constant distribution of maximum
variations across all sites with some sites being large,
some average and some small. Analysis of the data as
shown in Figure 4.2 which shows the distribution of the
maximum variations proves the second case to be true,
that is there is a constant distribution of maximum
variations. This again attests to the random nature of
maximum values.

For variation of the minimum values, similar results are
observed as for the variation of maximum values
although the variation in minimum values is considerably
higher than that seen for maximum values. The same
reasoning regarding the random nature of minimum

values as was applied for maximum values can be
used to explain the high variation of the minimum
values.

The maximum variation of minimum values across
all sites was 7% of the nominal voltage which is very
large. This value represents more than 50% of the
nominal voltage range for both low voltage and
medium voltage. This suggests that the data
aggregation interval will play a large part in the
results of surveys if the minimum value is used as an
assessment criterion.

The average variation of minimum values was found
to be 2% and the minimum 0.7% both of which are
considerably larger than the corresponding maximum
values. Figure 4.2 which shows the variation of the
maximum values and the minimum values across the
test aggregation intervals for each site clearly shows
that there is more variation in minimum values than
maximum values.

Variation of Maximum and Minimum Values Across All Sites
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Figure 4.2: Variation of Maximum and Minimum
Values

4.1.2 Variation of Other Statistical Measures

Figure 4.1 clearly shows that there is significantly
less variation seen across data aggregation intervals
for the statistical confidence levels examined. This is
due to the fact that application of statistical
confidence levels will exclude a number of the most
extreme values. The fact that the values obtained
when statistical confidence levels are applied vary
little regardless of data aggregation interval confirms
the randomness of maximum values as discussed
above. Voltage readings at most sites will be
characterised by many values clumped close together
along with some very rarely occurring outlying
values. These outliers may be due to unusual events
on the network, are not persistent, and are often
unrepeatable. This is the reason that most standards
avoid using the maximum value for comparison with
limits or planning levels. Taking a statistical
confidence level such as the 99" percentile
eliminates the most extreme of these outliers and
gives a value which is more likely to be repeatable.

For the 99" percentile the maximum variation
between 99" percentile values for the test data
aggregation intervals was found to be 0.68%. This is
75% less than the corresponding value seen for
maximum values. In addition this value represents
only 5.6% of the low voltage nominal range and
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