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Abstract: Digital flicker detection devices need to store a large amount of evaluation data during
measurement process, which leads to high requirements for hardware resources and algorithm
execution efficiency. In this paper, a digital flicker detection method based on probability resampling
is studied. In particular, before statistical evaluation, probability resampling is applied to screen
the instantaneous flicker visual sensitivity data to compress redundant data. Additionally, the
effectiveness of the method was numerically simulated and experimentally tested. The results
show that the proposed method can accurately measure the voltage flicker value and can effectively
compress the redundant evaluation data to be evaluated and has significant advantages in releasing
hardware storage space, in improving algorithm execution efficiency and real-time performance,
and in reducing processor workload. This method provides an engineering application reference for
designing digital flicker detectors, especially for the software upgrade of traditional power quality
testing equipment.
Keywords: probability resampling; flicker detection; power quality; voltage fluctuation;
data compression

1. Introduction
Fluctuating load affects the power supply quality of the power system and threatens the reliable
operation of other equipment in the power grid. With the rapid development of high-speed railways
and increasing utilization of clean energy, electrified railways with large fluctuations in traction load
and clean energy network have become essential parts of the power grid [1–5]. Voltage flicker is a
subjective perception of the fluctuations in lamp illuminance caused by voltage fluctuations. It is
an important parameter for measuring power quality and a significant cause of failure of power
supply and electrical equipment. Therefore, effective detection of essential indicators such as voltage
fluctuations and flickers is a prerequisite for improving the power supply quality of the power grid
and for ensuring the safe operation of power equipment [6–9].
In the standards formulated by the International Electrotechnical Commission (IEC), flicker
detection is standardized in the form of a block diagram and the analog transfer function of each
module is provided [10–13]. With the development of modern science and technology, new detection
methods have emerged in addition to the IEC method. For example, Reference [14] proposed a Hilbert

Energies 2020, 13, 3350; doi:10.3390/en13133350

www.mdpi.com/journal/energies

Energies 2020, 13, 3350

2 of 12

transform method to realize the demodulation of flicker envelope signals, but it is susceptible to
noise. References [15,16] estimated flicker parameters based on different window interpolation Fourier
transforms and achieved accurate measurement of single flicker frequencies at high frequencies and
multiple flicker frequencies at distant intervals. Reference [17] proposed a flicker measurement method
based on the Chirp-Z transform, which can improve the frequency resolution without increasing the
sampling time, but there are problems of spectral leakage and fence effect. Reference [18] improved the
energy operator on this basis and improved the accuracy of flicker detection under noise interferences.
These new methods improve the measurement accuracy of flicker to a certain extent but often suffered
from the complicated calculation, high sampling frequency, large data volume, and high requirements
for hardware configuration. Therefore, they are more suitable for occasions with sufficient hardware
resources such as running in computers and industrial computers.
With the development of microelectronics, signal processing, communication, and other
technologies, flicker detection algorithms usually need to run in embedded systems to achieve the
portability and networking of detection equipment. For example, Reference [19] designed an Field
Programmable Gate Array (FPGA) chip-based power quality detection instruments. Reference [20]
introduced an Advanced RISC Machines (ARM) flicker detector. Reference [21] compared the
performance of power quality instruments designed by CPU and FPGA and concluded that the
FPGA algorithm execution process is flexible. Reference [22] designed a dual-core power quality
measurement terminal based on Digital Signal Processor (DSP) and ARM to achieve online monitoring
of the network. We found that the IEC flicker detection method is simple and easy to implement
digitally. Compared with the new detection methods, it is more suitable for running on embedded
system instruments.
To ensure measurement accuracy, the IEC flicker detection devices often use a high sampling
frequency, resulting in a significant increase in the data to be stored in the flicker statistical evaluation
process and a longer flicker measurement period. For example, a short-term flicker requires a
continuous recording of 10 min of data. The increase in data scale puts higher requirements on
the operating efficiency and memory resources of embedded processors, which brings difficulties to
the development of digital flicker instruments, especially the upgrade of traditional power quality
detection instruments. Since the flicker statistical evaluation step is graded probability statistics,
the number of data participating in the statistics is not strict, which provides the possibility of data
compression. In order to solve the above problems, this paper proposes a probability resampling
method that compresses the data before the detection process to reduce the resource requirements in
the digitalization of IEC flicker detection. Furthermore, the effect of IEC flicker detection using the
probability resampling is verified through both simulation and experiments.
The remainder of this paper is organized as follows. In Section 2, we present the fundamentals
of flicker detection principles. A digital flicker detection method based on probability resampling is
introduced in Section 3. Section 4 validates the method before we conclude the paper in Section 5.
2. Flicker Detection Principle
2.1. IEC Flicker Detection Design Specification
The flicker detection method proposed by IEC needs 5 steps, as shown in Figure 1 [23–25].
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Figure 1. Block diagram of the International Electrotechnical Commission (IEC) flicker detection
method.

Firstly, in step 1, the voltage signal of the power grid is reduced and matched with the instrument
and a self-test signal can be generated. Steps 2–4 are used for lamp–eye–brain simulation. Among them,
step 2 simulates the flicker of the lamp. Combined with the band-pass filter in step 3, the fluctuation in
the power frequency voltage can be demodulated by the square detection method. The pass frequency
range of the band-pass filter is from 0.05 Hz to 35 Hz, and its transfer function is shown as follows:
Hp1 (s) =

s/ω
1 + s/ω

(1)

6

B(s) = [1 + ∑ bi (s/ν)i ]−1

(2)

i =1

where ω = 2π × 0.05, ν = 2π × 35, b1 = b5 = 3.864, b3 = 9.141, b2 = b4 = 7.464, b6 = 1.
The transfer function of the weighted filter, used to simulate the human perception of different
voltage fluctuations, is written as
K (s) =

1 + s/ω2
kω1 s
·
s2 + 2λs + ω12 (1 + s/ω3 )(1 + s/ω4 )

(3)

where ω1 = 2π × 9.015494, ω2 = 2π × 2.27979, ω3 = 2π × 1.22535, ω4 = 2π × 21.9, k = 1.74082, and
λ = 2π × 4.05981.
The signal sent by the band-pass filter is squared to simulate the response of the brain’s response
to the vision, and the memory effect of the human brain can be simulated as
Hp2 (s) =

1
1 + 0.3s

(4)

After filtering the voltage fluctuation signal in steps 2–4, the subjective visual reflection S(t) of the
fluctuation of illumination caused by the voltage fluctuation is obtained, which is called instantaneous
flicker sensation level.
Step 5 is used to make online statistics of the value sent by the previous steps, and according to
the cumulative probability, Equation (5) is applied to calculate the short-term flicker value and, further,
the long-term flicker is obtained.
pst =

p

0.031 4p0.1 + 0.052 5p1 + 0.065 7p3 + 0.28p10 + 0.08p50

(5)

where p0.1 , p1 , p3 , p10 , and p50 denote S(t) of Cumulative Distribution Function (CPF) exceeding 0.1%,
1%, 3%, 10%, and 50%, respectively.
2.2. Principle of Probability Resampling
The basic principle of probability resampling can be described as in Figure 2.
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Figure 2. Basic principle of probability resampling.

The measured analog adaptation signal is processed by the signal sampling step (completed by
the A/D converter), and the analog signal is converted into a corresponding data stream and sent to the
digitized lamp–eye–brain filter for processing. The output is the flicker visual sensitivity discrete value
S[n], where n = 1, 2, 3 · · · . The size and speed of the data volume are proportional to the sampling
frequency of the signal f s .
Let Pk ∈ S[n] denote a sequence consisting of N consecutive points taken from S[n], which is
presented as
Pk = [S0k , S1k , S2k , · · · , SkN −1 ]

(6)

where k = 1, 2, 3 · · · .
Through probability resampling, the data in the sequence of Equation (6) is sampled, which is
presented as
k
S[k] = Sround
(7)
(rand·( N −1))
where round() is a function that returns the value of a number rounded to the nearest integer, and
function rand() means to generate a random number evenly distributed on the interval [0, 1].
After continuous sampling, the sequence S[k] is generated to participate in statistical evaluation, so
as to obtain flicker measurement values and to achieve data compression. The probability resampling
of data takes N as a period and maintains the consistency of S[k] and S[n], and the sampling speed is
determined by the compression ratio δN , which is written as
δN =

1
, 1 ≤ N ≤ Nmax , N ∈ Z
N

(8)

2.3. Procedure of Probability Resampling Flicker Detection
Flicker detection based on the probability resampling method can be presented by the flowchart
shown in Figure 3, and the specific execution steps are described as follows:
Step 1:
Step 2:
Step 3:
Step 4:
Step 5:
Step 6:

Sample the measured signal x (t) to obtain the discrete signal x [n];
Square detection of the discrete signal x [n] to obtain voltage fluctuation signals that humans
perceive from the range of 0.05–35 Hz;
Simulate the subjective visual reflection of the voltage fluctuation signal by a digital filter to
obtain instant flicker visual sensitivity S[n];
Probability resample S[n] and compress redundant data to obtain S[k], and then sort and
store S[k];
Determine whether the measurement time reaches 10 min; if not, return to step 2; otherwise,
go to step 6;
Statistical calculation of short-term flicker value.
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Figure 3. Flowchart of probability resampling flicker detection.

3. Methods
3.1. Selection of Sampling Frequency
Theoretically, the measurement results can be more accurate by increasing the sampling frequency
f s . We observe that this method will increase the amount of data calculation and will reduce
the execution efficiency through the investigation of short-term flicker and sampling frequency of
rectangular voltage fluctuation signals with different fluctuation amplitudes at different frequencies,
as shown in Figure 4.

Figure 4. Curve of f s and pst .

We can observe from Figure 4 that, due to the interference of false frequency components caused
by harmonics or because the sampling frequency is too low, it cannot meet the requirements of the
sampling theorem, resulting in large fluctuations in the short-term flicker value pst in the low-frequency
sampling interval. The short-term flicker value of the sampling frequency pst starts to converge at
250 Hz with small errors and tends to be stable at 350 Hz. Therefore, it is unnecessary to use a very
high sampling rate in the A/D conversion. In order to leave enough margin, 500 Hz or 600 Hz can be
used to meet the accuracy requirements.
3.2. Voltage Fluctuation Detection
The power frequency voltage with fluctuation components can be expressed as
s

u ( t ) = A [1 +

∑ m j cos(Ω j t + φj )] cos(ω0 t + φ0 )

j =1

(9)
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where A denotes the amplitude, ω0 and Ω j denote the power frequency and the angular velocity of
each amplitude modulation wave component, respectively, and φ0 and φj denote their corresponding
start phases.
Normalizing A, a simpified form of Equation (9) is arranged as
u(t) = (1 + m cos Ωt) cos ωt

(10)

where m represents the amplitude of the voltage fluctuation with an angular frequency of Ω and ω is
the angular velocity of the power frequency.
The signal expressed by
2[2u2 (t)−u4 (t)] =

5
1
+ m cos Ωt + cos 2ωt− cos 4ωt−m cos Ωt cos 4ωt
4
4

(11)

is filtered by a 0.05 Hz–35 Hz band-pass filter to obtain the voltage fluctuation component m cos Ωt.
Compared with the square detection method, this method eliminates the error caused by frequency
|2ω −Ω| and has higher accuracy.
3.3. Filter Digitization
From the flicker detection design specification of IEC, the digital flicker detector cannot be
directly designed. It is necessary to discretize all s domain transfer functions G (s) to become
digital domain transfer functions H (s). The bilinear transformation method has the advantages
of overcoming multi-mapping,of eliminating the spectrum aliasing distortion existing in the impulse
response invariant method, and of maintaining excellent analog system characteristics. Therefore,
this paper uses this method to discretize the analog filter of each step. The function [numd,dend] =
bilinear(num,den, f s ) in Matlab is used to achieve the conversion of the s domain transfer function to
the z domain, where f s is the sampling frequency.
The s domain transfer function H (s) is transformed into
H (s) =

num(1)sn + · · · + num(n)s + num(n + 1)
den(1)sm + · · · + den(m)s + den(m + 1)

(12)

where num and den are matrices of numerator and denominator coefficients, which can be expressed
as num = [num(1),num(2), · · · , num(n+1)], den = [den(1),den(2), · · · , den(m+1)].
After executingbilinear, the coefficient matrix sum of the transfer function of the discrete system
is obtained as numd = [b(1),b(2), · · · , b(nb+1)], dend = [1,a(2), · · · , a(na+1)].
Then, the transformed digital filter transfer function can be obtained as follows:
H (z) =

b(1) + b(2)z−1 + · · · + b(nb + 1)z−nb
1 + a(2)z−1 + · · · + a(na + 1)z−na

(13)

3.4. Probability Resampling Frame Format
Due to the limitation of accuracy, it is necessary to select a relatively high sampling frequency for
the digital processing of voltage fluctuation signals. For example, if f s = 500 Hz, defined by short-time
flicker measurement, continuous sampling for 10 min is required; that is, 300,000 instantaneous flicker
visual acuity data are obtained to participate in statistical evaluation. Also, in order to ensure the
accuracy of the operation, a longer storage type is required for data storage and operation. The huge
amount of data reduces the calculation efficiency and increases the cost of hardware resources. In order
to solve this problem, the probability resampling method is applied, and the data extraction process is
shown in Figure 5.
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Figure 5. Frame format.

As we can see from Figure 5, after the processing of light–eye–brain simulation, the obtained
instantaneous flicker visual acuity S[n] is first divided into k frames, each of which is composed
of N data. Then, each frame of data is extracted by a uniform probability to form S[k], so that the
data involved in the statistical evaluation is reduced to 1/N of the original. In order to improve the
measurement speed, the method is run by simultaneous sampling and processing under the premise
of a suitable sampling window.
4. Method Validation
4.1. Simulation Verification and Discussion
To verify the effectiveness of the probability resampling-based digital flicker detection method,
this paper simulates and analyzes the detection results of a series of standard fluctuation signals.
A square wave with a fluctuation amplitude of 0.402% and a fluctuation frequency of 13.5 Hz is
selected as the verification signal. The normalized voltage fluctuation and amplitude modulation
waveforms are shown in Figure 6.

Figure 6. Voltage fluctuation and amplitude modulation.

The amplitude modulation signal shown in Figure 6 is sampled and sent to the light–eye–brain
simulation, and probability resampling and statistical evaluation steps are shown in Figure 2 for
processing. The sampling frequency is set to f s = 600 Hz, and the compression ratio is set to
δN = 1/60. To avoid the filter convergence time, the sampling time window is set to 11 min and the
short-time flicker is calculated 10 min after selection. The simulation results are that the error is −0.09%,
within 0.95∼1.05 (specified in the international standard of IEC, the error is within ±5% × 5%).
In order to further verify the effectiveness of the method, under the same simulation conditions,
low-, medium-, and high-frequency fluctuations and amplitude-modulated waves with different
fluctuation amplitudes were selected for numerical simulation calculations. The results are shown in
Table 1.
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Table 1. Simulation results of pst .
Voltage Fluctuation
Range (%)

Square Wave
Fluctuation Frequency (Hz)

Unused Probability
Resampling (pst )

Probability
Resampling (pst )

Target Value

2.21
0.905
0.402
1.5 × 0.905
3.3 × 2.21

0.016667
0.325
13.5
0.325
0.016667

1.0156
1.0322
0.9983
1.5481
3.3388

0.9752
1.0284
0.9991
1.5425
3.2063

0.95∼1.05
0.95∼1.05
0.95∼1.05
1.425∼1.575
3.135∼3.465

It can be seen from Table 1 that the flicker values of modulated signals with different amplitudes
and frequency of fluctuation are within the allowable range of error. Therefore, it is feasible to use the
probability resampling method to measure the flicker caused by voltage fluctuation digitally.
Figure 7 shows the instantaneous flicker visual acuity before and after the probability resampling
in the simulation process. Compared with Figure 7a,b, we observe that the data density after probability
resampling is reduced, which is 1/60 of the original, and greatly saves data storage space involved in
statistical evaluation.
The sampling frequency is set to f s = 600 Hz, and double-precision floating-point number
(double, 8 Byte) is used to store instant flicker visual acuity, a short-term flicker measurement test was
carried out (the length of measurement time was 10 min). The data volume, hardware storage space,
and algorithm execution efficiency before and after the probability resampling algorithm are listed in
Table 2.

Figure 7. Instantaneous flicker sensation level.
Table 2. Comparison of data volume, storage space, and execution efficiency before and after
method application.
δN

1

1/20

1/30

1/40

1/50

1/60

Data number (n)
Storage capacity (Byte)
Time complexity (O(n2 ))

360,000
2.75 M
O(3600002 )

18,000
140.6 K
O(180002 )

12,000
93.8 K
O(120002 )

9000
70.3 K
O(90002 )

7200
6.3 K
O(72002 )

6000
6.9 K
O(60002 )

From Table 2, we can observe that, when δN = 1, it means that the probability resampling
method is not applied to flicker detection. In that case, the corresponding instantaneous flicker visual
sensitivity data is 360,000, occupying 2.75 MB of data storage space, and the time complexity of data
statistical sorting is O(360, 0002 ). When δN = 1/20, the probability resampling method is used, so
that the corresponding instantaneous flicker visual sensitivity data and the amount of data storage
space are reduced to 1/20 of the original and the time complexity is reduced to O(180, 0002 ). With the
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reduction of compression ratio δN , the corresponding number of instantaneous flicker visual acuity
data, the amount of storage space required, and the complexity of sorting time will be further reduced.
At the same time, due to the large reduction in the amount of data that participates in the sorting
statistics during the operation of the algorithm, the time for data access and sorting operation is
shortened and the real-time performance of the algorithm operation is greatly improved. In addition,
the storage space can be further reduced by increasing N. However, the larger N is, the less information
is involved in the statistics, and the error will definitely increase. To select a reasonable compression
ratio, the corresponding relationship between the accuracy of pst and the value of δN of the first three
typical signals in Table 1 is studied, and the results are shown in Figure 8.

Figure 8. Effect of N on pst .

Figure 8 shows that precision with small fluctuations is sensitive to the change of N.
When N < 90, the value of pst is within the upper and lower limits of error, and with the increase
of N, the value of pst is free from the error range and the fluctuation range is increasing. With the
increase of voltage fluctuation frequency, the error caused by the change of pst to N is less obvious,
but the voltage fluctuation signal is not a single frequency fluctuation. Therefore, it is necessary to
consider the case that all kinds of frequency fluctuations are undistorted, that is, to choose pst of small
fluctuations as the final compression ratio.
4.2. Engineering Tests and Discussion
The digital flicker detection method based on probability resampling proposed in this paper has
been applied to the flicker detection of PITETM series power quality analyzers. The main parameters
are set as f s = 600 Hz, N = 60, and δN = 1/60. The instrument uses a dual-core master–slave structure.
The main controller is the LPC2478 microprocessor; the slave processor is TMS320VC5402, an external
128kB 61LV6416DRAM memory chip equipped with a 12-bit TI high-speed A/D conversion chip, a
high-precision signal conversion circuit and touch screen, and other peripherals module. The main
hardware structure of the system is shown in Figure 9.
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Figure 9. Hardware structure.

The professional inspection agency Guangdong Electronic and Electrical Product Supervision
and Inspection Institute, Guangdong, China and Guangdong Electronic Product Quality Supervision
and Inspection Station, Guangdong, China were entrusted with inspecting the flicker detection quality
of the equipment. The inspection results are shown in Table 3.
Table 3. Test results of flicker.
Voltage Fluctuation

Square Wave Fluctuation

Measurements

Range (%)

Frequency (/min)

Phase A

Phase B

Phase C

2.724
2.211
1.459
0.906
0.725
0.402
2.400

1
2
7
39
110
1620
4000

0.98
1.01
1.01
1.02
1.01
1.02
0.97

0.97
1.02
0.97
0.97
0.98
0.97
0.98

1.01
1.03
0.98
0.96
1.04
0.99
1.02

Target Value
0.95∼1.05
0.95∼1.05
0.95∼1.05
0.95∼1.05
0.95∼1.05
0.95∼1.05
0.95∼1.05

From Table 3, we can see that the flicker detection results meet the technical standards of IEC,
indicating the correctness and feasibility of the proposed flicker detection method in engineering
application. It should be noted that the actual detection error is slightly larger than that of the
simulation due to the influence of the accuracy of the A/D conversion chip, signal conversion circuit,
program variable setting, etc.
5. Conclusions
This paper proposed a probability resampling data compression method to solve the problem of
data redundancy in IEC flicker detection digitization. In particular, uniform probability distribution
resampling is applied before statistical evaluation to compress redundant data to reduce storage
space and to improve algorithm execution efficiency. Both numerical simulation and engineering tests
were carried out to verify the feasibility and correctness of the method. The results show that the
proposed method has an excellent data compression ratio and that the measurement accuracy meets the
requirements of international standards. As discussed earlier, a higher sampling frequency is desired in
the digitalization process of IEC flicker detection, with the cost of increased data volume and resource
burden to the system. Therefore, selection of the compression ratio in the validation takes the sampling
frequency and measurement accuracy factors into consideration. The flicker detection method based
on probability resampling overcomes the shortcomings of the low efficiency of algorithms and the high
requirements of hardware resources brought by the traditional flicker digital measurement, which
has excellent economic significance and practical impact for both new developments of digital flicker
detection instruments and upgrades of traditional power quality instruments.
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