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A system and a method for measuring power quality
al-time operating system dedicated for time-critical tasks;
a reconfigurable hardware system, configured to be controller by the first processor, the reconfigurable system
configured to execute at least one data processing algorithm and perform data acquisition from the interface
communicatively coupled to A/D converters in order to
measure power quality.
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A system for measuring power quality, the system comprising: a first processor; a computer-readable
memory; and an interface communicatively coupled to
A/D converters; the system further comprising: the first
processor configured to execute a general-purpose operating system implementing communication procedures; a second processor configured to execute a re-
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Description
[0001] The present invention relates to a system and
a method for measuring quality of power. In particular
the present invention relates to high speed measurement
of alternating current power systems, and to adaptive or
initiated by an operator modification of the functions of
the device according to the measured quality values. The
invention focuses on a method of rapid and flexible replacement of the functions of the measurement device
by a new set of functions that fit to the current requirements of power quality evaluation.
[0002] Presently, an increasing number of devices are
sensitive to quality of power supply. This increases the
significance of monitoring of electric power at different
levels of its delivery to a customer. Such monitoring helps
to identify power quality problems, such as voltage sags
and swells, interruptions, harmonics, and highfrequency
spectral components. Addressing these problems requires accurate measurements and analysis of power
quality with monitoring instruments that can effectively
locate issues and identify problems.
[0003] The power quality measurement standards define methods for data acquisition and measuring of rootmean-square values, powers, voltage sag and swell parameters, unbalance, harmonics and flicker (e.g. as described by the following standards: IEC 61000-4-30, IEC
61000-4-7, IEC 61000-4-15, IEEE 1159, IEEE 1433,
IEEE 1159). The measurement devices have to follow
the standards in order to allow the comparison of the
measurement results coming from the different meters.
The methods presented in the standards require complex
and time consuming calculations operating at high sampling rates (e.g. 10.24 kHz) that results in a requirement
of applying multiprocessor configurations. Moreover, calculation of power quality indices requires computing
processors of different characteristics e.g. event logging
requires a fast processor equipped with significant
amount of memory and flicker or harmonics calculation
requires high computational power. Beside the power
quality calculations, there is usually a need to communicate with the device over a popular communications protocol (e.g. IEC 60870-5-101, IEC 60870-5-104, IEC
61850, DNP3, OPC DA, OPC UA, HTTP, FTP) that requires the presence of an operating system and consumes the computational power of the processors.
[0004] The power quality measurement standards
constantly evolve and every few years some new or updated requirements become obligatory. In order to follow
the changes, power quality measurement algorithms
should preferably be developed in a hardware-abstracted manner and the power quality devices should be able
to update both the software and hardware configuration.
[0005] A US patent US5899960 discloses a power
monitoring system with associated signal processing and
storage capabilities. Each phase of the three-phase grid
is simultaneously sampled on a plurality of channels to
capture the instantaneous content of the power signal
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without time-skewing between the channels. In a further
embodiment, the sampled data is converted into the frequency domain and parameters relating to the power
quality of the power signal is derived from frequencydomain data. It is limited to a single, selected method of
measurement and hence is neither high-speed not adaptive.
[0006] There is therefore a need for a high speed and
adaptive detection of power quality.
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[0007] An object of the present invention is a system
for measuring power quality, the system comprising: a
first processor; a computer-readable memory; and an interface communicatively coupled to A/D converters; the
system further comprising: the first processor configured
to execute a general-purpose operating system implementing communication procedures; a second processor
configured to execute a real-time operating system dedicated for time-critical tasks; a reconfigurable hardware
system, configured to be controller by the first processor,
the reconfigurable system configured to execute at least
one data processing algorithm and perform data acquisition from the interface communicatively coupled to A/D
converters in order to measure power quality.
[0008] Preferably, the data processing algorithm is at
least one of filtering, calculating spectrum, flicker, logging
events.
[0009] Preferably, the reconfigurable system further
comprises a module implementing at least one protection
algorithm.
[0010] Advantageously, the at least one protection algorithm calculates overcurrent or overvoltage integral of
an input signal.
[0011] Preferably, the real-time operating system dedicated for time-critical tasks calculates at least one of rms
values, flicker and asymmetry.
[0012] Advantageously, the second processor is configured to acquire A/D samples into buffers and periodically send the buffered data to the reconfigurable system
for processing and to read the processing results.
[0013] Preferably, the second processor is configured
to collect 2048 samples in the buffers and write, five times
per second, the data of the buffers to an FFT calculation
block of the reconfigurable system.
[0014] Preferably, the system is configured to update
the at least one data processing algorithm via a reconfiguration process.
[0015] Another object of the present invention is a
method for measuring power quality in the system according to the present invention, the method comprising
the steps of: awaiting till the beginning of each sampling
period; starting A/D conversions; awaiting for the conversion-completed signal; reading the conversion results;
and outputting the results are set together with a timestamp value read from a GPS receiver.
[0016] Preferably, the method further comprises the
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steps of: processing the output results by an event detection block, implemented in the reconfigurable system,
configured to detect abnormal events; storing the output
results in a memory buffer; processing the output results
in order to detect measured properties being outside a
safe operating range.
[0017] Advantageously, the method further comprises
a steps of: detecting a condition that requires a new function; updating the hardware configuration of the reconfigurable system; processing the input data according to
the new hardware configuration.
[0018] Another object of the present invention is a computer program comprising program code means for performing all the steps of the computer-implemented method according to the present invention, when said program
is run on a computer.
[0019] Yet another object of the present invention is a
computer readable medium storing computer-executable instructions performing all the steps of the computerimplemented method according to the present invention,
when executed on a computer.
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BRIEF DESCRIPTION OF DRAWINGS
[0020] These and other objects of the invention presented herein, are accomplished by providing a system
and method for measuring quality of power. Further details and features of the present invention, its nature and
various advantages will become more apparent from the
following detailed description of the preferred embodiments shown in a drawing, in which:
Fig. 1 presents a diagram of part of the system which
contains the first and the second processor, reconfigurable hardware system and A/D converters interface;
Fig. 2 presents a diagram of the measurement process of a channel according to the present invention;
Fig. 3 presents a Finite State Machine configuration;
Fig.4 shows a sampling process with timing arrangement; and
Fig. 5 shows the method for measuring quality of
power according to the present invention.
NOTATION AND NOMENCLATURE
[0021] Some portions of the detailed description which
follows are presented in terms of data processing procedures, steps or other symbolic representations of operations on data bits that can be performed on computer
memory. Therefore, a computer executes such logical
steps thus requiring physical manipulations of physical
quantities.
[0022] Usually these quantities take the form of electrical or magnetic signals capable of being stored, transferred, combined, compared, and otherwise manipulated
in a computer system. For reasons of common usage,
these signals are referred to as bits, packets, messages,
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values, elements, symbols, characters, terms, numbers,
or the like.
[0023] Additionally, all of these and similar terms are
to be associated with the appropriate physical quantities
and are merely convenient labels applied to these quantities. Terms such as "processing" or "creating" or "transferring" or "executing" or "determining" or "detecting" or
"obtaining" or "selecting" or "calculating" or "generating"
or the like, refer to the action and processes of a computer
system that manipulates and transforms data represented as physical (electronic) quantities within the computer’s registers and memories into other data similarly represented as physical quantities within the memories or
registers or other such information storage.
[0024] A computer-readable (storage) medium, such
as referred to herein, typically may be non-transitory
and/or comprise a non-transitory device. In this context,
a non-transitory storage medium may include a device
that may be tangible, meaning that the device has a concrete physical form, although the device may change its
physical state. Thus, for example, non-transitory refers
to a device remaining tangible despite a change in state.
[0025] As utilized herein, the term "example" means
serving as a non-limiting example, instance, or illustration. As utilized herein, the terms "for example" and "e.g."
introduce a list of one or more non-limiting examples,
instances, or illustrations.
DETAILED DESCRIPTION
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[0026] The present invention focuses on a method of
rapid and flexible replacement of functions of a measurement device with a new set of functions that fit current
requirements of a power system.
[0027] Fig. 1 presents a diagram of part of the system
according to the present invention. The architecture of
the device to measure power quality, uses preferably a
multi-core processor and a reconfigurable digital integrated circuit and divides the tasks related to the implementation of algorithms for measuring the quality of electricity between a first processor 101 executing a generalpurpose operating system implementing communication
procedures and performing data acquisition, a second
processor 102 running a real-time operating system dedicated for time-critical tasks and a reconfigurable system
103 responsible for the hardware implementation of selected processing algorithms 104 (e.g. filtering, calculating the spectrum, flicker, logging events).
[0028] The reconfigurable system 103 may further
comprise an interface to A/D converters 105 the properties of which will depend on the power range to be measured and sensors applied for the measurements. Additionally, the reconfigurable system 103 may further comprise a module implementing at least one protection algorithm 106.
[0029] The protection algorithm(s) module, may for example implement an algorithm that calculates the overcurrent or overvoltage integral of an input signal:

5

EP 3 037 831 A1

5

or
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15

where
and
are cumulative overcurrent and overvoltage values, I-i and U-i and current and voltage values for last N samples and INOM and UNOM are nominal
current and voltage values. If the calculated values exceed a given value, the system may trigger suitable protection procedures. The advantage of the protection algorithm implemented as a part of the reconfigurable circuit, is that it is not disturbed by software running at the
main processor(s).
[0030] The reconfigurable modules may be realized
using suitable, custom made or configurable FPGA
(Field-Programmable Gate Array) or ASIC (Application
Specific Integrated Circuit) circuits.
[0031] The system may communicate with a suitable
communication interface with one or more memory circuits for storing temporary and final results data as well
as computer program or programs executed by either of
the first or second processor. The architecture, according
to the present invention, utilizes two general purpose
processors 101, 102 and a reconfigurable circuit 103,
each operating in a different time domain.
[0032] The first processor 101 runs a general purpose
real-time operating system (for example Linux) and is
responsible for: communication over communication protocols such as Ethernet and serial link protocols (eg. FTP,
HTTP, SSL, IEC 60870-5-101/104, IEC 61580, RS-232,
Modbus, etc.), data presentation, communication with
the second processor 102 and supervision of the reconfigurable circuit 103.
[0033] The second processor 102 runs a real-time operating system (for example FreeRTOS or QNX) and is
responsible for the operations that require real-time execution constraints. It runs preferably at, but not exclusively set to, 10.24 kHz sampling frequency and calculates at least one of: rms values, flicker and asymmetry.
[0034] The communication functions of the processor
101 require a generic purpose operating system that cannot fulfil real-time timing constraints. The general-purpose system contains more functions but is not fast and
deterministic enough to perform fast and accurate sam-
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pling. Therefore, two processors have been used.
[0035] The second processor 102 also acquires A/D
samples from voltage and current input channels in the
buffers and periodically sends the buffers to the reconfigurable circuit 103 for FFT calculation and reads the
calculated FFT spectrum. According to the power quality
calculation specifications, an FFT of each signal is calculated every 200 ms for last 2048 samples (10.24 kHz
sampling generates 2048 samples every 200 ms for each
measured signal). The 102 processor collects the 2048
samples of each sampled signal in the buffer and periodically five times per second writes the buffer (sends
the buffer) to the FFT calculation block. The FFT block
is a kind of a coprocessor that performs only one operation - calculates the spectrum.
[0036] The reconfigurable circuit 103 is responsible for
interfacing to the A/Ds, for the calculation of the FFT algorithm and for the execution of the protection algorithms. The protection algorithms are implemented directly in the reconfigurable circuit 103 as an IP core. The
protection algorithms process current and voltage measurements directly from A/D and detect the violation of
safety conditions independently on any processor 101,
102.
[0037] The aforementioned setup results in very high
speed detection time, which usually remains below 10
nanoseconds.
[0038] Signal processing algorithms for the system,
according to one aspect of the present invention, may be
developed in a graphical programming language (for example Simulink). It allows to develop the algorithms in a
hardware-abstracted manner. From the graphical programming environment there is automatically generated:
(a) high-level programming language code e.g. C, when
the algorithm is designed to be executed by processor
101 or 102, (b) hardware description language code e.g.
HDL, when the algorithm is designed to be implemented
as IP core in the reconfigurable circuit 103. There are
added wrapper procedures to the generated code in order to integrate the generated code with the system. The
wrapper procedures are developed for a given, target
hardware platform and they call the procedures from the
generated code. Such an approach splits the development into two paths: algorithms are developed in a hardware abstracted manner in a graphical environment for
automatic code generation and the wrapper procedures
are developed to utilise the generated code at a given
target hardware platform.
[0039] A unique feature of the solution is that if a wrapper code is changed, the algorithm is automatically executed by another hardware platform and if algorithms are
changed (e.g. forced by the updates in the power quality
measurement standards), the changes are done only in
a graphical environment, that results in an automatic generation of all software files needed to implement the updated algorithms.
[0040] Fig. 2 presents a diagram of the measurement
process according to the present invention. The meas-
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urement process is executed in a sequence of circuits
that may comprise: a voltage or current sensor 201, an
anti-aliasing filter 202, a buffer 203, bias and/or gain amplifiers 204 and an A/D converter 205. The A/D converter
205 is controlled by a Finite State Machine 206 implemented in the reconfigurable circuit 103.
[0041] The Finite State Machine 206 is configured to
wait till the beginning of each sampling period 301 and
start the A/D conversions 302. Subsequently the Finite
State Machine 206 waits for the ’conversion completed’
signal 303 and reads 304 the conversion results, as
shown in Fig. 3. At the output of the block the results are
set 305 together with a timestamp value read from a GPS
receiver 307.
[0042] The sections of Fig. 2 denoted by dashed background are implemented by the reconfigurable circuit
103.
[0043] The results of the A/D conversion are (a) sent
to the second processor 102 in order to calculate the
power quality parameters; (b) sent to an event detection
block 207. The events (e.g. over-voltage, sag, swell, etc.)
are detected by the reconfigurable circuit 103 and the
signal waveform containing the event is stored in the
reconfigurable circuit’s 103 memory buffer 207a. The data stored in the memory buffer 207a may be processed
by the first processor 101 (e.g. stored in a database or
used for the purpose of calculations of events’ statistics).
[0044] Additionally, the results of the A/D conversion
are (c) stored in a memory buffer 208 and periodically
(for example every 200ms) used to calculate a spectrum
by running an FFT algorithm implemented as an IP core
in the reconfigurable circuit 103.
[0045] Finally, the results of the A/D conversion are (d)
processed by the safety algorithms 209 in order to detect
measured properties being outside a safe operating
range (for example of a receiver circuit supplied with power e.g. a transformer). The safety algorithms 209 block
automatically executes an action when safe conditions
are not met. The algorithms are implemented as IP
core(s), in the reconfigurable circuit 103, and they operate independently on the first and/or second processor
101, 102.
[0046] In one aspect of the present invention, the results of the A/D conversions are further processed in order to calculate: rms values, total harmonic distortion
(THD), asymmetry and flicker.
[0047] The rms measurement, as shown in Fig. 4, is
synchronized by a PLL module to a grid signal, i.e. the
voltage signal of one of the power phases. The rms is
calculated every half-period (10 ms) of the grid signal for
last period of the signal (20 ms). The 10 ms rms values
are aggregated in four time periods: 200 ms, 3 seconds,
10 minutes and an arbitrary interval (free interval). The
200 ms period is synchronized to the grid signal and the
remaining periods are preferably synchronized to GPS
(Global Positioning System) time signal. The aggregation
blocks calculate the average, minimum and maximum
10 ms rms values.
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[0048] The second processor 102 acquires a buffer of
2048 samples and sends the buffer to the reconfigurable
circuit 103 for FFT calculations. The results of the FFT
are applied to calculate the THD and the asymmetry values. The THD and asymmetry are aggregated in the
same interval as the rms signal.
[0049] The flicker block calculates the short-term flicker (PST - every 10 minutes) and the long-term flicker
(PLT - every 2 hours). The flicker calculations are synchronized to the GPS time signal.
[0050] Every calculated value (rms, THD, asymmetry
and flicker) is extended by the timestamp read from a
GPS receiver.
[0051] Fig. 5 shows a method according to the present
invention. The power quality measurement device,
shown in Fig. 1, may be changed 503 into another measurement unit from its then current setup 501, 502. The
change 503 relates to both software change and reconfiguration of the hardware-implemented functions built
as FPGA blocks. The change does not require any hardware modifications and can be performed unlimited
number of times. The change can be permanent or temporary and the device can return into power quality measurement functions 506 after a cycle of measurements of
another kind 505.
[0052] If a condition that requires a new function is detected 502 the device itself of an operator remotely can
change both software and FPGA-based hardware configuration 503. For example, if the power quality indices
indicate significant power signal disturbances the power
quality meter can be switched into a disturbance localization device 504.
[0053] Another case that require device reconfiguration are new measurement requirements of the power
grid operator. The change can be permanent or after a
period of new operating mode the device can be reconfigured once more 505 and return to its default operating
mode 506.
[0054] The device can store locally a library of configurations and change the functions up to requirements.
[0055] The presented system and method allow for
high speed and adaptive detection of power quality.
Therefore, the invention provides a useful, concrete and
tangible result.
[0056] Further, the input, physical signals are input to
a processing circuit that applies specific data processing
techniques. Thus, the machine or transformation test is
fulfilled and that the idea is not abstract.
[0057] It can be easily recognized, by one skilled in the
art, that the aforementioned method for measuring quality of power may be performed and/or controlled by one
or more computer programs. Such computer programs
are typically executed by utilizing the computing resources in a computing device. Applications are stored on a
non-transitory medium. An example of a non-transitory
medium is a non-volatile memory, for example a flash
memory while an example of a volatile memory is RAM.
The computer instructions are executed by a processor.
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These memories are exemplary recording media for storing computer programs comprising computer-executable instructions performing all the steps of the computerimplemented method according the technical concept
presented herein.
[0058] While the invention presented herein has been
depicted, described, and has been defined with reference
to particular preferred embodiments, such references
and examples of implementation in the foregoing specification do not imply any limitation on the invention. It will,
however, be evident that various modifications and
changes may be made thereto without departing from
the broader scope of the technical concept. The presented preferred embodiments are exemplary only, and are
not exhaustive of the scope of the technical concept presented herein.
[0059] Accordingly, the scope of protection is not limited to the preferred embodiments described in the specification, but is only limited by the claims that follow.

4.

The system according to claim 3 characterized in
that the at least one protection algorithm calculates
overcurrent or overvoltage integral of an input signal.
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5.

The system according to claim 1 characterized in
that the real-time operating system dedicated for
time-critical tasks calculates at least one of rms values, flicker and asymmetry.
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6.

The system according to claim 1 characterized in
that the second processor (102) is configured to acquire A/D samples into buffers and periodically send
the buffered data to the reconfigurable system (103)
for processing and to read the processing results.

7.

The system according to claim 1 characterized in
that the second processor (102) is configured to collect 2048 samples in the buffers and write, five times
per second, the data of the buffers to an FFT calculation block of the reconfigurable system (103).

8.

The system according to claim 1 characterized in
that it is configured to update the at least one data
processing algorithm (104) via a reconfiguration
process.

9.

A method for measuring power quality in the system
according to claim 1, the method being characterized in that it comprises the steps of:
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Claims
1.

A system for measuring power quality, the system
comprising:
• a first processor (101);
• a computer-readable memory; and
• an interface communicatively coupled to A/D
converters (105);
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the system being characterized in that it further
comprises:
• the first processor (101) configured to execute
a general-purpose operating system implementing communication procedures;
• a second processor (102) configured to execute a real-time operating system dedicated for
time-critical tasks;
• a reconfigurable hardware system (103), configured to be controlled by the first processor
(101), the reconfigurable system configured to
execute at least one data processing algorithm
(104) and perform data acquisition from the interface communicatively coupled to A/D converters (105) in order to measure power quality.
2.

3.

The system according to claim 1 characterized in
that the data processing algorithm (104) is at least
one of filtering, calculating spectrum, flicker, logging
events.
The system according to claim 1 characterized in
that the reconfigurable system (103) further comprises a module implementing at least one protection
algorithm (106).
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• awaiting till the beginning of each sampling period (301);
• starting A/D conversions (302);
• awaiting for the conversion-completed signal
(303);
• reading (304) the conversion results; and
• outputting the results are set (305) together
with a timestamp value read from a GPS receiver (307).
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10. The method according to claim 9 characterized in
that it further comprises the steps of:
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• processing the output results by an event detection block (207), implemented in the reconfigurable system (103), configured to detect abnormal events;
• storing the output results in a memory buffer
(208);
• processing (209) the output results in order to
detect measured properties being outside a safe
operating range.
11. The method according to claim 9 being characterized in that it further comprises a steps of:
• detecting a condition that requires a new function (502);

6

11

EP 3 037 831 A1

• updating the hardware configuration (503) of
the reconfigurable system (103);
• processing the input data according to the new
hardware configuration.
5

12. A computer program comprising program code
means for performing all the steps of the computerimplemented method according to claim 9 when said
program is run on a computer.
10

13. A computer readable medium storing computer-executable instructions performing all the steps of the
computer-implemented method according to claim
9 when executed on a computer.
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