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Abstract—For a better understanding on what is causing
static energy meter misreadings different current waveforms
with falling and rising edges have been compared. Falling edge
dimming showed higher static energy meter deviations due to
the larger rate of change in the current, |dI/dt|, compared
to the rising edge dimming. The difference in |dI/dt| is due
to the asymmetry inherent in the semiconductors used. No
specific difference in static energy meter deviation was found
due to the polarity of the dI/dt. Faling edges in the first
quarter of the sine wave resulted in an overestimation of the
consumed power just as rising edges in the second quarter.
Rising edges in the first quarter and falling edges in the second
however showed an underestimation of the consumed power. The
underestimation seems to compensate the overestimation when
using complementary waveforms.

Index Terms—Static Meter, Energy Meter, Waveform Param-
eters, Falling Edge Dimming, Rising Edge Dimming

I. INTRODUCTION

Static energy meters are replacing their mechanical coun-
terparts in modern households [1]–[3]. Utility companies have
been deploying static energy meters throughout Europe. Stud-
ies have shown that major energy deviations in some of the
static energy meters can occur, despite meters fulfilling the
IEC 62053-21 harmonised standards [4]. Errors with static
meters have already been published back in 2009 [5], [6],
but also recent studies show major energy deviations with
commercial off the shelf equipment due to a high positive
dI/dt [7]. The static energy meter errors have a substantial
impact on society. Because of this it is crucial to understand
the actual extent of the problem and resolve the problem at
hand. For this reason a joint task force of Universities and
National Metrology Institutes across five European countries,
is working to a thorough understanding of the aforementioned
problem as part of the MeterEMI project [8]. The main
purpose of the MeterEMI project is to establish new standards
to evaluate the performance of the static energy meters with
realistic identified critical waveforms found in common real-
life situations.

Therefore, an essential task is to perform on-site measure-
ments at representative static energy meter installations and
electrical products. Thus measurements have been performed
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with electrical vehicles (EV) charging stations and photo-
voltaic (PV) installations [9], [10]. Subsequently, it will also be
necessary to identify and characterize the parameters of these
waveforms in order to determine the origin of the static energy
meter errors. Tested appliances causing errors all presented
mostly non-linear impulsive currents. Parameters repeatedly
studied are the current rise time, current fall time, current
slope (dI/dt), crest factor (CF), phase firing angle (FA), power
factor (PF), peak current, total harmonic distortion (THD), the
energy and pulse width. The current slope turned out to have
a large correlation to the errors, but this research only looked
at rising slopes [11]. As a result a method was proposed to
quantify static energy meter errors using current waveform
parameters, which will be realized via a controlled-current load
[12]. Regarding the high dI/dt the effects of higher harmonics
have also been investigated. In [13] a change in the accuracy
paradigm of energy measurements is proposed by focusing
on the fundamental active power and lower harmonics. This
will simplify the electronics and make static energy meters
more robust against electromagnetic interference (EMI) by
filtering with a basic low-pass filter preventing the erroneous
measurements that have appeared with static energy meters.

In this paper the effects of the rising edge on the static
energy meter errors will be compared to the falling edge. A
lot of previous research has been aimed at the rising edge of
the current waveform since a lot of equipment uses a cheaper
version of dimming, including a Triac. For this research a
linear load will be switched on and off, with minimal rise and
fall times, using a Galium-Nitride (GaN) switch. The positive
half of a 50 Hz sinusoidal current will be divided into five
separate waveforms. Every waveform will be measured by
static energy meters, a voltage probe and a current clamp using
a digitizer and a power analyzer as a reference energy meter.
From this the measured power will be compared to each other,
and to half a cycle of an uninterrupted sine wave.

This paper starts off with a description of the measurement
setup used to create the preferred waveforms with falling and
rising edges. After this the results will be shown where the
different errors on the static energy meters due to the current
waveforms will be compared. The paper then ends with a
conclusion.



II. MEASUREMENT SETUP

This section will describe the setup used to create the differ-
ent current waveforms. A schematic overview can be seen in
Fig. 1 where a four-quadrant Pacific Power Smart Source 140-
TMX AC is used as the source. The energy is then measured
by three static energy meters and a Yokogawa WT500 power
analyzer as a reference energy meter. The current waveforms
are created by switching a 25 Ω power resistor on and off
using a GaN switch. This switch is synchronized with the AC
supply using a zero cross detection (ZCD) and is driven by
a programmable pulse generator allowing the user to control
the location of the rising and falling edge of the current pulse.
A PicoScope PS4824 sampling at 10 MHz is connected to
a Keysight N2779A current probe with a 100 MHz analog
bandwidth and a Pico Technology TA043 differential voltage
probe at the load for the time-domain measurement.
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Fig. 1: Schematic overview of the measurement setup

Using this setup half the 50 Hz sine wave will be cut
into five separate waveforms to compare the effect of the
different waveforms on the static energy meters. For the first
measurement the GaN switch will be switched on at the
zero crossing (ZC) and will switch off after a delay of 2 ms,
corresponding to a phase firing angle of 36◦. This will result
in a waveform having a fast falling edge at 36◦. After this
the complementary part will be measured, having a fast rising
edge at 36◦. These two waveforms can be seen in Fig. 2, later
referred to as waveform 1 and waveform 2 respectively.

For another measurement the switch will be switched on
after 8 ms, creating a waveform with approximately the same
energy as waveform 1, having a fast rising edge at a phase
firing angle of 144◦. Again, for the complementary waveform
a measurement will be performed having a fast falling edge
at 144◦. Both waveforms can be seen in Fig. 3, later referred
to as waveform 3 and waveform 4 respectively.

To further compare the effects of falling edge of waveform
1 and the rising edge of waveform 3 on the static energy meter
errors, the missing part of half the sine wave has also been
measured separately and can be seen together with waveform
1 and waveform 3 in Fig. 4, the middle part will later be
referred to as waveform 5.

As an extra reference measurement the complete half cycle
of the 50 Hz sine wave is also measured. This half cycle should
contain the same energy as the sum of the three separate
combinations. This waveform can be seen in Fig 5, later
referred to as waveform 6.

1

2

Fig. 2: Falling and rising edge dimming in the first quarter
plotted together, waveform 1 and 2, respectively
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Fig. 3: Rising and falling edge dimming in the second quarter
plotted together, waveform 3 and 4, respectively

III. RESULTS

The measurement results are summarized in Table I, where
different static energy meter errors have been found for
different waveforms.

An explicit difference in error can be seen between wave-
form 1 and waveform 3. Even though the energy in the signals
are approximately equal a significant difference in errors
occurs. This could occur due to the fact that the GaN switch



TABLE I: Measurement errors for complementary waveforms

# Waveform Type Energy (J) Phase Firing Angle (◦) Power WT500 (W) Power SM (W) Power Error (W) Power Error (%)
1 Falling Edge Left 1.07 J 36◦ 51 W 178 W 127 W 249.0%
2 Rising Edge Left 19.58 J 36◦ 974 W 929 W -45 W -4.6%
3 Rising Edge Right 1.09 J 144◦ 52 W 121 W 69 W 132.7%
4 Falling Edge Right 19.43 J 144◦ 969 W 853 W -116 W -12.0%
5 Both Edges 18.48 J 36◦-144◦ 918 W 734 W -184 W -20.0%
6 Half Cycle 20.64 J - 1027 W 1051 W 24 W 2.3%

switches off faster than it can turn on. This asymmetry is
inherent to the semiconductors that are used. Just as mentioned
in [11], a higher dI/dt seems to induce a larger error. However,
the measurements seem to show that this would also hold for a
higher |dI/dt| in general. In practice one expects more rising
edges due to dimming since these are cheaper and easier to
build. The fact remains however that more modern high speed
switches will even further increase these rise times, and fall
times. This increases the |dI/dt| even further inducing even
more possible errors on static energy meters. With more and
more falling edge dimmers arising this problem could increase
even more, since this type of dimming can be realised even
faster.
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Fig. 4: Falling and rising edge dimming plotted together,
waveform 1, 5 and 3, respectively
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Fig. 5: Half cycle current waveform, waveform 6

Waveforms 2 and 4 also approximately have the same
energy, and thus a similar power would be expected due
to the symmetry in the currents and the symmetry of the
voltage waveform within half a cycle. However, a difference
in error by the static energy meter for the similar waveforms
can be identified. Apart from a difference in error, this error
also underestimates the actual consumed power, resulting in
a negative percentage error. Again the same result can be
observed that the falling edge causes a larger relative error,
due to the higher |dI/dt|.

Comparing the complementary waveforms 1 and 2, and
waveform 3 and 4, respectively, presents a different polarity
in absolute error, almost counteracting the other absolute error
occurring. For this odd phenomenon waveform 6 has been
introduced for a comparison in power. In Table II the different
powers of the complementary waveforms are added up for both
the Yokogawa Power Analyzer and the static energy meter and
are compared to the power of waveform 6. As expected only a
minor error occurs with the static energy meter for waveform
6. The complementary waveforms 1 and 2, and waveforms
3 and 4, do however not fully compensatie their counterpart
as seen in Table II, since adding up the individual erroneous
measurements still leaves a relative large error when compared
to the actual consumed power. Since the falling edge results in
a bigger absolute error, due to the higher |dI/dt|, adding up
waveforms 1 and 2 causes an overestimation of the total power,
and adding up waveforms 3 and 4 causes an underestimation
of the total power.

It seems that a falling edge, thus a negative dI/dt, in the
first 90 ◦ of the sine wave and a rising edge, thus a positive
dI/dt, in 90 ◦ until 180 ◦ result in positive errors, meaning
an overestimation of the consumed power. On the contrary, a
rising edge with a positive dI/dt in the first 90 ◦ of the sine
wave and a falling edge, with a negative dI/dt, in 90 ◦ until



TABLE II: Adding the power of complementary waveforms

Waveforms Power WT500 (W) Power SM (W)
Half Cycle 1027 1051
Waveforms 1 and 2 1025 1107
Waveforms 3 and 4 1021 974
Waveforms 1, 3 and 5 1021 1033

180 ◦ result in negative errors, meaning an underestimation of
the consumed power. This could be a reason for the fact that
the complementary power measurements of the static energy
meter for waveforms 1, 3 and 5 add up almost perfectly
to the actual consumed power, even though the individual
measurements cause significant errors on the static energy
meter. The designed controlled-current load from [12] will be
used later to validate the measurements with equal |dI/dt| for
the falling and rising edge to see if they add up.

IV. CONCLUSION

Different current waveforms and the effect on the static
energy meter errors have been compared. The falling edge
and the, more common, rising edge of the currents due to
dimming have been compared and it was found that the falling
has a larger effect on the error than the rising edge, due to the
greater |dI/dt|. This difference in |dI/dt| is caused by the
asymmetry inherent in the semiconductors that are used. No
clear differences in static energy meter errors were found due
to the polarity of the dI/dt. An equal |dI/dt| would result in
the same error on the static energy meters. A falling edge in
the first quarter of the sine wave results in an overestimation of
the power, while a rising edge in this same quarter causes an
underestimation. For the second quarter the reverse seems true,
where a rising edge causes an overestimation, and a falling
edge causes an underestimation.
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[10] B. Have, M. A. Azpúrua, M. Pous, F. Silva, and F. Leferink, “On-
Site Waveform Survey in LV Distribution Network using a Photovoltaic
Installation,” 2020 International Symposium on Electromagnetic Com-
patibility (EMC Europe 2020), Rome, Italy, 2020.

[11] B. Have, T. Hartman, N. Moonen, and F. Leferink, “Inclination of
Fast Changing Currents Effect the Readings of Static Energy Meters,”
Submitted to International Symposium on Electromagnetic Compatibility
- EMC EUROPE, pp. 208–213, 2019.

[12] J. Dijkstra, T. Hartman, N. Moonen, and F. Leferink, “An ac controlled-
current load for controllable waveform parameters to quantify static
energy meter errors,” in 2020 IEEE International Symposium on Elec-
tromagnetic Compatibility Signal/Power Integrity (EMCSI), 2020, pp.
472–477.

[13] T. Hartman, R. Grootjans, N. Moonen, and F. Leferink, “Electromagnetic
compatible energy measurements using the orthogonality of nonfun-
damental power components,” IEEE Transactions on Electromagnetic
Compatibility, pp. 1–8, 2020.


