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Abstract

This paper presents a detection algorithm for identifying when a sinusoidal signal becomes
zero, which can provide information about its amplitude. This method can be used to
detect voltage interruptions in a single-phase sinusoidal waveform, which may be applied
in the rapid recognition of power outages in single-phase electrical systems. The method
requires the measurement of a voltage signal. Other analysis methods, like calculating the
Root Mean Square (RMS), are based on window sampling and require storing a relatively
larger amount of samples in the system memory; an advantage of the proposed method is
that it does not require as many samples, but its main advantage is its ability to reduce the
detection time compared to other approaches. Techniques like the RMS value or amplitude
detection through FFT typically require one full AC cycle to change from a 100% to 0%
output signal and then detect a blackout, whereas the proposed method achieves detection
within only a quarter cycle without considering additional rate-of-change enhancements,
which can be further applied. The algorithm treats the measured single-phase voltage as
the α component of an αβ Clarke pair and generates the β component by introducing a 90◦

electrical delay through a delayed replica of the original signal. The resulting αβ signals
are then transformed into the dq reference frame in which the d component is used for
outage detection, as it rapidly decreases from 100% to 0% within a quarter cycle following
an interruption. This rapid response makes the proposed method suitable for applications
that demand minimal detection latency, such as battery backup systems. Both simulation
and experimental results validate the effectiveness of the approach.

Keywords: single-phase power interruption; rapid blackout detection; quarter-cycle
detection; energy storage systems; renewable energy

1. Introduction
The global transition toward sustainable energy has accelerated the deployment of

renewable energy production systems [1,2]. Reducing greenhouse gas emissions is highly
desirable to mitigate the effects of climate change [3,4]. Solar photovoltaic arrays, wind
turbines, and other renewable technologies have become essential components of modern
power systems [5]. As their penetration increases, electrical grids are evolving into cleaner
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and more distributed architectures, where the reliable integration of renewables plays
a fundamental role. However, this shift also introduces new engineering challenges,
particularly in the probable intermittency of renewable energy generation.

Variations in solar irradiation, wind speed, and environmental conditions lead to
fluctuating power output from some renewable energy generation systems, which must be
compensated for to maintain power system stability [6–8].

In this context, the increasing penetration of renewable energy sources and the result-
ing intermittency have motivated the necessity of local backup and support systems like
energy storage systems or uninterruptible power supply (UPS) capable of maintaining
power continuity during short-term interruptions [9,10]. Battery energy storage systems
(BESSs) can also be used as local backup systems, which are necessary to bridge momen-
tary interruptions and sustain critical loads during upstream disturbances [11–13]. BESSs
are increasingly deployed to smooth renewable variability and decouple generation from
consumption, while also providing backup energy during outages [14,15].

Super-capacitor-based, battery-based, and other energy storage systems are promising
for compensating for this disadvantage and providing backup power during sudden
interruptions caused by disconnection due to drops in renewable generation or unexpected
grid failures [16,17].

Uninterruptible power supply (UPS) systems represent one of the most widely adopted
solutions for providing such backup capability [18–21]. While traditionally associated
with critical loads such as data centers, medical equipment, and industrial processes,
UPS systems are increasingly integrated into renewable-based microgrids and distributed
energy systems [22]. In these applications, particularly in standby and line-interactive
configurations, fast and reliable detection of grid interruptions is essential to minimize
transfer delays and ensure seamless operation of the backup system.

Two main strategies exist for integrating energy storage backup systems, including
inline and online systems, as shown in Figure 1.

 
(a) 

 
(b) 

Figure 1. Main types of UPS systems. (a) An inline (or online) system and (b) an offline (or
standby) system.
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(i) Inline or online systems (see Figure 1a), which are a type of UPS systems, are always
processing power from the input side, which charges the battery or stores energy, and pro-
duce the output. This method allows for zero interruption time when the grid has a power
outage; on the other hand, processing power all the time reduces efficiency. This method
is recommended in prior systems in which a shutdown may be very expensive [23,24].
(ii) The second typical configuration is standby systems (see Figure 1b); these systems
remain electrically disconnected during normal grid operation and activate only through
a switch when an interruption is detected [25,26]. They are more efficient, but there may be
a short delay from the power interruption to when the system backup is activated. A third
type of system called line-interactive systems try to offer a hybrid operation. Stand-by
systems are more efficient since the power is not processed until it is needed, but they
require an algorithm to detect outages rapidly, and the time required to start the power
backup may result in a delay in the process.

Detecting power interruptions in single-phase AC systems is more challenging than in
three-phase systems. Three-phase systems offer redundancy; for example, if the voltage in
one phase is zero due to natural zero crossing, we can validate the other two phases, which
are different from zero (only one phase crosses zero at the same time).

Since we cannot trust the instantaneous voltage value, there exist analytical methods
to detect power interruptions in single-phase systems. Some of them rely on analyzing
sampled data within a specified time window [27,28]. One widely applied method is the
calculation of the Root Mean Square (RMS) in which a threshold voltage can be established
and then supervised online. There are other methods that include current-based protection
quantities to discriminate abnormal supply conditions that can precede or accompany
interruptions [29–31], but those methods are used for particular equipment or transmission
lines, with functionalities like fault location, but they are not designed for a generic UPS
system. Another method that can be used is fundamental component amplitude evaluation
through FFT. This method requires at least one window of the signal (usually one cycle)
before the detection signal transitions from nominal to zero. This constraint directly
increases the blackout response time of energy storage backup systems. A faster algorithm
is highly desirable and beneficial, and it would be even better if that algorithm requires less
memory (for digital systems) and computational power compared to traditional methods.

All detection methods naturally have a delay due to the nature of signal processing
principles. RMS-based and FFT-based techniques necessitate an observation window to
reliably estimate the amplitude of the signal. In digital implementations, these methods
also have relatively large memory requirements to store sampled data and increase compu-
tational burden due to repeated numerical operations. As a result, the detection latency is
not only determined by the window length but also by the processing architecture. Those
techniques work fine, but a faster and simpler method is highly desirable.

This work introduces a detection algorithm for identifying when a sinusoidal signal
becomes zero. The proposed method has an input of an Alternating Current (AC) sinusoidal
signal and provides as an output a Direct Current (DC) signal proportional to the amplitude
of the signal. These characteristics are advantages shared with the Root Mean Square (RMS)
calculation method. This method, like the RMS calculation method, can also be used to
detect voltage blackouts in a single-phase system. The main advantages of the proposed
method are that it requires fewer mathematical operations and less digital memory, and it
is capable of identifying changes in the amplitude more quickly than the RMS calculation
method. With the proposed method, a complete power interruption makes the output
signal change from 100% to 0% within a quarter of an AC cycle. This does not mean the
action has to be performed in a quarter of a cycle (the time may be shorter according to
the established strategy). The method treats the measured voltage as the α component
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of a Clarke pair and synthesizes the β component by applying a 90◦ delay. With both
components available, the α–β signals are transformed into the d-q reference frame, and the
d-axis component is shown to collapse from full scale to zero in only a quarter cycle
following an interruption.

The rest of this paper details the theoretical basis of the proposed algorithm, its
implementation, and its performance. Simulation and experimental results validate its
effectiveness and demonstrate its advantages over conventional techniques in applications
requiring minimal detection latency.

2. The Park and Clarke Transformations
In this section, we will introduce the transformations used in the method, named after

the engineers who proposed them, the Park and Clarke transformations, which have been
studied mainly for three-phase electrical machines and power systems.

2.1. The Clarke Transformation (From abc to αβ)

The Clarke transformation, named after Edith Clarke, can be used to transform a set of
three-phase balanced signals (abc) into a set of two-phase orthogonal signals (αβ). The trans-
formation can be analyzed in a broader range of applications with a third output signal
(αβ0); however, this work will make use of the case we refer to as balanced. In this case,
the input of the transformation is the set of three sinusoidal signals, a, b, and c, of the
same amplitude and shifted 120◦ (see Figure 2), and the output is the set of two sinusoidal
signals, α and β, of the same amplitude and shifted 90◦ (see Figure 2).

Figure 2. Signals in the Clarke transformation (abc) and (αβ).

Signal a is used as a phase reference, where α is in phase with a, while β lags 90◦

behind α, signal b lags 120◦ behind a, and signal c lags 120◦ behind b (or 240◦ behind a) (see
Figure 2).

https://doi.org/10.3390/electricity7010008

https://doi.org/10.3390/electricity7010008


Electricity 2026, 7, 8 5 of 12

Given the input signals abc, the balanced version of the Clarke transformation is
defined by the following equations:

α =
2
3

(
a − 1

2
b − 1

2
c
)

. (1)

β =
2
3

(√
3

2
b −

√
3

2
c

)
. (2)

These equations can be expressed in matrix form as

[
α

β

]
=

2
3

[
1 − 1

2 − 1
2

0
√

3
2 −

√
3

2

]a
b
c

. (3)

where α represents the component aligned with phase a, and β represents the orthogonal
component derived from phases b and c.

The combined use of the Clarke and Park transformations in the proposed method is
explained in the following subsections.

2.2. The Park Transformation αβ to dq

The Park transformation, initially introduced by Robert H. Park in 1929, was developed
for the analysis of three-phase electrical machines. Initially, it was used to transform a set
of three-phase signals (abc) into DC components that represent the components of the
signals geometrically projected over a reference vector, which we call the rotating reference
frame (dq). The reference vector (or angle) has to be provided. In the original Park
transformation, the reference angle was the rotor’s position. That reference angle can be
referred to as θ (theta).

The Park transformation may have a set of three-phase input signals (abc), but it also
may have set αβ as input. That means we can go from αβ to dq, as explained in [32]. Given
the αβ signals, the Park transformation is defined by the following equations:

d = α cos(θ) + β sin(θ). (4)

q = −α sin(θ) + β cos(θ). (5)

These equations can be expressed in matrix form as[
d
q

]
=

[
cos(θ) sin(θ)
− sin(θ) cos(θ)

][
α

β

]
. (6)

where d represents the direct-axis component aligned with the rotating reference frame,
and q represents the quadrature-axis component orthogonal to the d-axis. And the inverse
transformation can be expressed as[

α

β

]
=

[
cos(θ) − sin(θ)
sin(θ) cos(θ)

][
d
q

]
. (7)

These kinds of equations can be represented in block diagrams, which illustrate the
signal flow and the associated mathematical operations. Figure 3 illustrates the imple-
mentation of Equation (7), along with a black box equivalent that can be used in more
complex diagrams.
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Figure 3. Implementation of (7) in a block diagram of signals.

2.3. How to Get the sin(θ) and cos(θ) of an Angle from the α-β Components

As shown in (7), the values of sin(θ) and cos(θ) are required for the transformation
from αβ to dq.

Let us consider that instead of a rotor position, we have a reference vector v, and the
components of vector v can be expressed as

vα = V cos(θ). (8)

vβ = V sin(θ). (9)

where V is the magnitude of the reference vector, which can be expressed as

V =
√

v2
α + v2

β. (10)

Then, if we have the components αβ of a transformed set of signals, we can obtain the
sin(θ) and cos(θ) with the following formulas:

cos(θ) =
vα√

v2
α + v2

β

. (11)

sin(θ) =
vβ√

v2
α + v2

β

(12)

We can define a space vector (or pair of components αβ) as the reference to implement
the inverse Park transformation, and then we can get the sin(θ) and cos(θ) algebraically
from (12).

A block implementation of (11) and (12) may be used with αβ signals as input and the
sin(θ) and cos(θ) as output; see Figure 4.

Figure 4. Implementation of (11) and (12) in a block diagram of flowing signals.
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3. The Proposed Method
Finally, the proposed method is shown in Figure 5. The input of the detector is a signal

that represents the single-phase supply voltage, which is treated as the α component of
the Clarke pair. The system uses the input signal as α and obtains β with a 90◦ delay. The
block diagram of the transformation from αβ to sin and cos is shown in Figure 3. The block
diagram of the transformation from α-β-sin-cos to dq is shown in Figure 4.

Figure 5. The proposed detector of a single-phase signal.

Considering we are only interested in the d signal, the last block diagram of the
transformation from α-β-sin-cos to dq can be simplified if we include only the transformation
from α-β-sin-cos to d, as shown in Figure 6.

Figure 6. The transformation from α-β to d (for obtaining only the d signal).

From a physical and geometric perspective, the decay of the d-axis component during
the interruption can be interpreted through the behavior of the space vector in the αβ plane.
Under normal operation, the single-phase voltage (treated as the α component), together
with its synthesized β counterpart, forms a rotating vector with constant magnitude. When
a power interruption occurs, both α and β components are expected to simultaneously
collapse toward zero, but the β component is generated through a delay, causing a delay in
the detection; still, this delay is only a quarter of the ac cycle.

Figure 7 shows a simulation of the system; the simulation was carried out in the
synopsys saber software, and a power interruption was generated particularly during
a zero crossing of the signal, which is the hardest time to detect it. We can see how the
generated d signal falls from one to zero in a quarter of the ac cycle, equivalent to 4.1 mS in
the 60 Hz system.

 

Figure 7. Simulation of the proposed method.
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4. Results and Discussion
In order to demonstrate the effectiveness of the proposed method, some experiments

were carried out using the Piecewise Linear Electrical Circuit Simulation (PLECS 4.9) soft-
ware in its standalone version. Figure 8 illustrates how the conceptual scheme presented
in Figure 5 was translated into the simulation environment, while Figure 9 shows the
RTBox 1 platform employed for real-time hardware implementation.

Figure 8. Schematic diagram of the proposed system implemented in PLECS in its standalone version.

 

Figure 9. RTBox platform used for real-time hardware implementation.

In the experimental setup, the RTBox was used as the main real-time interface to
connect the proposed strategy with the measuring and validation devices. Internally, the
RTBox generates a conditioned sinusoidal reference signal of 3.3 V at 60 Hz, which is routed
to an output port. To emulate a voltage interruption, this signal is multiplied by a pulsed
signal of 0–1 V at 6 Hz with a 0.7 duty cycle, producing a controlled blackout-type signal.

A transport delay block is then applied to introduce a 90◦ phase displacement, allowing
the generation of the corresponding α and β components required by the proposed strategy.
Cosine and sine signals are connected to changeover switch blocks to avoid d and q signals
when the system is not working. Finally, the resulting d signal is sent to the output
ports of the RTBox to validate correct interruption detection and system response. This
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implementation enables repeatable and controlled testing conditions for validating the
proposed methodology in real time.

In the experiment, a 60 Hz sinusoidal signal was generated. Then, a voltage inter-
ruption was emulated; the time of the voltage interruption was chosen exactly at the
zero crossing, which is the most challenging time to detect, as it can be mistaken for
a natural crossing.

Figure 10 shows a close-up view at 5 ms/div of the sinusoidal signal with the interrup-
tion, shown in blue, and the result of applying the proposed strategy, shown in magenta.

 

Figure 10. Sinusoidal signal with fault and application of the proposed strategy at 5 mS per division.

When the magenta signal in Figure 10 remains at its maximum value during the
interrupted sinusoidal waveform, the system operates correctly; when this signal drops to
zero, it indicates that a power interruption has occurred. The magenta signal is proportional
to the amplitude of the AC signal.

Figure 11 includes a 60 Hz sinusoidal signal without an interruption as a reference
to illustrate the quarter-cycle delay of the proposed strategy. It can be observed that the
magenta signal drops to zero when the green signal reaches its maximum value.

 

Figure 11. Illustration of the quarter-cycle delay in the application of the proposed strategy.

Finally, a comparative validation was performed against a conventional RMS-based
method to assess the effectiveness of the proposed strategy. This is illustrated in Figure 12.
Here, the signal affected by blackout conditions is illustrated in red, the RMS output is
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shown in green, and the response obtained using the proposed strategy is shown in blue.
The fast reaction of the proposed methodology becomes evident.

Figure 12. Comparison of the response time required with the proposed strategy and RMS method.

Note: Although the operations used in the proposed method are known techniques,
the main contribution of this work is not a particular operation, but the identification that
the integration of those operations leads to a simple and robust indicator of single-phase
power interruptions that may reduce the computational resources and the time used in
other approaches, like the RMS calculation method.

5. Conclusions
This work introduces a detection algorithm for identifying when a sinusoidal signal

becomes zero. The proposed method has an input of a sinusoidal signal and provides as an
output a DC signal proportional to the amplitude of the signal. These characteristics are
advantages shared with the RMS calculation method. This method can be used to detect
voltage blackouts in a single-phase system. The main advantages of the proposed method
in comparison to the RMS calculation method are that it requires fewer mathematical
operations and less digital memory, and it is capable of identifying changes in the amplitude
more quickly than the RMS calculation.

The proposed method combines the use of Clarke and Park transformations. Unlike
conventional approaches that rely on window-based sampling techniques, such as RMS
estimation or FFT-based fundamental amplitude extraction, the proposed method requires
only a quarter or ac cycle to detect the interruption while requiring few computational
resources and memory, since it requires few mathematical operations.

The method works by treating the single-phase voltage as the α component of a Clarke
pair and generating the β component through a 90◦ electrical delay; the method enables
the transformation of the signal into the dq reference frame, where the d component serves
as an effective and fast indicator of power interruptions.

The main contribution of the proposed approach lies in its ability to detect a complete
power interruption within a quarter of an AC cycle. Both simulation and experimental
results demonstrate that the detection signal transitions from its nominal value to zero in
approximately 4.1 ms in a 60 Hz system. This response time is faster than that of traditional
methods, which typically require at least one full cycle to drop the output signal from 100%
to 0%. Such a reduction in detection latency is advantageous for energy storage backup
systems, where fast and reliable switching reduces the latency of power backup.
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Additionally, the proposed algorithm is characterized by its simplicity and practical
applicability. It avoids complex signal processing techniques and does not require extensive
buffering of sampled data, making it suitable for low-cost implementations. The experi-
mental validation using a real-time hardware platform confirms the feasibility of deploying
the method in practical power electronic systems.

6. Patents
The method presented in this work is currently under patent application in Mex-

ico. The intellectual property protection process is ongoing, and therefore, certain im-
plementation details are intentionally described at a high level. This does not affect the
reproducibility of the main concepts and results discussed in this paper.
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