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Abstract: This article describes a new instrument for power quality (PQ) measurements based
on the Raspberry-Pi. This is the latest step of a long study started by the Electric and Electronic
Measurements Laboratory of “Roma Tre” University 12 years ago. During this time, the Laboratory
developed and refined instrumentation for high accuracy power quality measurements. Through its
own architecture, the new instrument allows the use of the Raspberry instead of a personal computer
(PC). The data acquired and locally processed are then sent to a remote server where they can be
shown to users. Imagines of the system and of the data prove the activity of the system.
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1. Introduction
The constant growth of electrical energy use and its inherent problems have forced the scientific
and legislator communities to be involved in power quality (PQ) problems. Modern life depends on
electrical energy. This makes the reliability of an electrical system and power quality important topics
in electric power research. In literature there are many contributions in the power quality, but, in this
research field, many things have to be better investigated [1–3].
There is still no complete definition of the concept of power quality [4]. One definition could be
that it is the branch of science that studies all variations that can appear on the ideal waveform of the
current and in the voltage in a generic electric power network. Another good definition could be the
combination of phenomena that points out that the energy of the mains is corrupted compared with
the ideal sinusoidal shape [5].
There have been many deviations such as disturbances, unbalances, distortions, voltage fluctuations,
and voltage flickers that, acting on the sine wave, allow the evaluation of energy quality [4,6].
In addition, the definitions of some of these deviations are not yet definitive, but they evolve with
the progress of the knowledge associated with the phenomena.
These deviations are due to many causes, e.g., switching operations, flows of heavy currents,
flows of fault currents, blown fuses, breaker openings, etc. [1–7], and their effects can sometimes create
very expensive economic problems [8–15].
For most of these deviations, it is possible to use some techniques to limit their effects; however,
up to now, it has not been possible to eliminate the causes.
To quantify the effects of these phenomena, we need to study the power quality parameters.
For this purpose, the International Electrotechnical Commission (IEC) defined a series of standards
to deal with power quality issues. The IEC 61000-x-y (with x:1-6 and y:1-7) and the IEEE 1159 [7,16]
are the most widely standards used in this field. These guidelines concern the description and the
characterization of the phenomena, the principals sources of power quality problems, the impact on the
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Figure 1 shows an eight-channel acquisition card mounted on a personal computer. This samples
voltages and currents of a three-phase four-wire system (three phases and one neutral). The instrument
was conceived for utilization in small environments; therefore, it was important that the overall
dimensions of the system were small. The first version of the instrument used a mini personal
computer (a Mini ITX), whose dimensions were 20.4 × 10.2 × 20.4 cm. The instrument’s case was
60 × 40 × 40 cm.
The acquisition card mounted inside the personal computer (PC) was a Measurement Computing
Data Acquisition System (DAS) 8/12 [19,20] with eight input channels—four connected to the current
sensors and four connected to the voltage ones. The current sensors were four Rogowskies (Rocoil
Ltd., Harrogate, UK) [25] with an accuracy of ±1%, whose pass band was typically at least three orders
of magnitude wider than a current clamp. This allowed for the avoidance of the typical distortion
introduced by ferromagnetic core devices. The output signal is proportional to the derivative of the
current; therefore, an integration stage placed before the acquisition card was necessary. The sensors
for the voltage were dividers built up with resistors, which have an accuracy of 0.1% mounted on
a custom card. The dividers were necessary to reduce the high voltages of the mains to the values
accepted by the input dynamic range of the acquisition card.
The sampling was managed by external timing that, in the first applications, was directly linked
to the clock provided by the “INRIM” Institute (the Italian National Time Metrological Institute, Strada
delle Cacce, Turin, Italy), which assures an accuracy of one part in 10−14 for the time standard [26].
A custom Uninterruptible Power Supply (UPS) with a 12-V battery powered by a battery charger
ensured operation in the case of a blackout for a period of at least eight hours. We developed a custom
UPS to directly supply the Mini ITX at 12 V DC instead of the usual UPS’s, which provide a 220/230 V
AC. The instrument was connected to a modem by an Ethernet interface to transmit data toward a
central server. This received the data from the probe and organized them to evaluate the PQ parameters
during the day using a modified version of the well-known curve-fitting algorithm [4,27–30].
Despite the fact that the instrument was conceived to satisfy many exigencies, the device showed
some important drawbacks:

•

•

•
•
•
•

The acquisition card used a multiplexer to manage the input channels; therefore, the use of a
high accuracy time reference did not ensure high accuracy in the timing of the sampling. This
produced an incorrect registration of the phases of the signals under analysis. This problem was
partially solved by a complex analysis of the uncertainty, as shown in [27].
The acquisition card used a bus PCI (peripheral component interconnect). This obliged us to use a
personal computer exclusively with this kind of bus, strongly limiting the flexibility of the system
and preventing the possibility of reducing overall costs.
In case of operative system crash, there was no possibility of restarting the system using a
remote control.
The voltage reference was integrated in the acquisition card, preventing us from using a more
accurate reference.
The voltage sensors were spatially separated from the acquisition card, thus incurring
assembly difficulties.
The mini personal computer, if used in stressful environment such as an electric cabin, showed
serious reliability problems.
During the time, in order to face these problems, many improvements were implemented:

•

In order to limit the interventions in case of probe malfunctions, we realized a remote control
device that, using a common phone line, namely a PSTN (public switched telephone network),
allowed us to manage the base functionality of the PC. In fact, the device, interpreting the
command tones (DTMF (dual-tone multi-frequency)) generated the signals to switch on or reset
the PC [24]. Moreover, the device was able to check the status of the PC (on or off) and the
charging status of the battery.
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In order to increase the overall reliability of the probe, another improvement was the
In order to increase the overall reliability of the probe, another improvement was the substitution
substitution of the Mini-ITX with an industrial PC. We chose an ADVANTECH PC, the ARKof the Mini-ITX with an industrial PC. We chose an ADVANTECH PC, the ARK-1360 [36], which
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•
•

was an ultra-compact fanless embedded computer conceived to work in stressful environments
1360 [36], which was an ultra-compact fanless embedded computer conceived to work in
such as electric cabins that are dusty and hot. In fact, the absence of the fan eliminates the
stressful environments such as electric cabins that are dusty and hot. In fact, the absence of the
necessity of cooling the processor, drawing air from the outside of the case while avoiding the
fan eliminates the necessity of cooling the processor, drawing air from the outside of the case
accumulation of dust inside the case, which is the primary cause of fan breakdown. The wide
while avoiding the accumulation of dust inside
the case, which is the primary cause of fan
range of working temperatures, from −40 to 60 ◦ C, assured that performances would be suitable
breakdown. The wide range of working temperatures, from −40 to 60 °C, assured that
for our operational needs.
performances would be suitable for our operational needs.
To certify a possible event on the mains with the highest accuracy, it was fundamental to join
To certify a possible event on the mains with the highest accuracy, it was fundamental to join
the acquisitions to a time reference. For this aim, the first version of the acquisition card had
the acquisitions to a time reference. For this aim, the first version of the acquisition card had an
an input for an external time reference useful in our first application of the probe located inside
input for an external time reference useful in our first application of the probe located inside the
the transformer cabin, where the time reference provided by INRIM was present. Unfortunately,
transformer cabin, where the time reference provided by INRIM was present. Unfortunately, an
an application outside of these cabins makes the use of this timing impossible, corrupting the
application outside of these cabins makes the use of this timing impossible, corrupting the time
time accuracy of the measurements. To face this problem, the card was modified to accept a time
accuracy of the measurements. To face this problem, the card was modified to accept a time
reference coming from the Global Positioning System (GPS). This was obtained by adopting the
reference coming from the Global Positioning System (GPS). This was obtained by adopting the
module Resolution T [37] of the Trimble, responding to the need of accurate timing when you
module Resolution T [37] of the Trimble, responding to the need of accurate timing when you
need it, linking the card to the UTC (Universal Time Coordinated) time. This device was able
need it, linking the card to the UTC (Universal Time Coordinated) time. This device was able to
to provide an accuracy of less than 15 ns (1 Sigma, Sigma, St. Louis, MO, USA) for the one PPS
provide an accuracy of less than 15 ns (1 Sigma, Sigma, San Luis, MO, USA) for the one PPS
(pulse per second) output. The rising edge of the pulse was less than 20 ns and was synchronized
(pulse per second) output. The rising edge of the pulse was less than 20 ns and was synchronized
to the GPS. Figure 3 shows the improvements implemented over time that highlight the new
to the GPS. Figure 3 shows the improvements implemented over time that highlight the new
architecture for the system compared to the first version.
architecture for the system compared to the first version.
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•
Its power consumption is about four times less than the PC of the ADVANTECH; this leads to a
•
Its power consumption is about four times less than the PC of the ADVANTECH; this leads to a
further advantage that the UPS needs a battery with a capacity four times lower and a volume at
further advantage that the UPS needs a battery with a capacity four times lower and a volume
least 5 times lower.
at least 5 times lower.
•
Its dimensions are about nine times less than the PC; this, joined with the reduced dimensions
of the battery, allows for the reduction of the overall dimensions of the instrument that is now
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An interface to show the results of the processing was implemented. A screenshot of this
interface is shown at the end of the article.

Electronics 2016, 5, 64

8 of 14

Electronics 2016, 5, 64

8 of 13

Electronics 2016, 5, 64

8 of 14

Figure
7. Calculus
scheme
theimplemented
implemented signal
processing.
Figure 7.
Calculus
scheme
of of
the
signal
processing.

Figure 7. Calculus scheme of the implemented signal processing.
At the end, an image of the system is shown in Figure 8.

At the end, an image of the system is shown in Figure 8.

At the end, an image of the system is shown in Figure 8.

Figure 8. Image of the instrument placed in its box; the detail of the acquisition card is also shown.

Figure
8. Image
of the
instrumentplaced
placedininits
itsbox;
box; the
the detail
detail of
is is
also
shown.
Figure
8. Image
of the
instrument
of the
theacquisition
acquisitioncard
card
also
shown.

4. Discussion
The use of the Raspberry-Pi to replace the PC allowed for many advantages as the reduction of
the overall costs and of the power consumption increased the autonomy in case of blackout.
The cost of an old probe was about €2000, while the introduction of the Raspberry allowed savings
up to 60% for a final cost of €600.
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48 h). Using the same battery, Figure 10 shows the autonomy between the last version of the probe and
the previous versions.
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Using a graphical interface, the Raspberry can display the PQ information.
All underlying data used in this publication can be found in [43].

Figure 13 shows a screenshot of the data: on the top, it is possible to see the time trend of one of
the measured parameters, while the recorded waveforms, in a given timestamp, are shown in the
bottom of the figure. For the site called “Corviale” (probe RM3), located in Rome, the figure shows
the time2016,
evolution
of the 11th harmonic on the top, while the trend of the voltages and current
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waveforms are viewable on the bottom of the figure.

Figure 13. The figure shows the main page of the web site. The control bar on the top allows for the
Figure 13. The figure shows the main page of the web site. The control bar on the top allows for the
selection and visualization of the measurement point, the parameter, and the period on the graph. In
selection and visualization of the measurement point, the parameter, and the period on the graph.
the screenshot, the time evolution of the 11th harmonic from 1 to 5 of December 2014 is displayed. By
In the screenshot, the time evolution of the 11th harmonic from 1 to 5 of December 2014 is displayed.
right-clicking on a point of the graph, it is possible to show the waveforms of the voltages and of the
By right-clicking on a point of the graph, it is possible to show the waveforms of the voltages and of
currents recorded in the period related to the specific point. A series of buttons allow accessing
the currents recorded in the period related to the specific point. A series of buttons allow accessing
additional analysis windows.
additional analysis windows.

Using a graphical interface, the Raspberry can display the PQ information.
6. Conclusions
A general architecture for distributed PQ monitoring foresees a wide network with many
instruments that are deployed on a territory and that locally sample the mains and elaborate the
data to find PQ parameters. Until now, the cost and the size of the instrument have been a disincentive
to the development of this network. Instead, the characteristics of the Raspberry open new perspectives
in these studies. Its performances allow for its substitution for the personal computer that has usually
been used with instruments, obtaining a reduction of volume and costs.
In the future, the integration between the Raspberry and the acquisition card will allow further
additional savings that will make the use of the instrument and the expansion of the PQ network easier.
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