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ABSTRACT

This paper aims to identify and analyze the sources of harmonic distortion in power grids with
solar power penetration. The increasing integration of solar power into the power grids presents
challenges in maintaining power quality and ensuring system stability. Among these challenges,
harmonic distortion caused by the nonlinear operation of photovoltaic (PV) systems, particularly
inverters, has become a critical issue. A comprehensive methodology is proposed, using single-point
measurement methods combined with machine learning based on feature extraction to accurately
locate and quantify harmonic sources at PCC (point of common coupling). The features of the 3-
phase current and 3-phase voltage waveform at PCC are saved in image and numerical data by
MATLAB/Simulink data generation model. Applying a machine learning (ML) model as a Random
Forest Classification (RFC) model will extract the features based on numerical data of waveforms.
With current and voltage input at PCC under the single-point method, the RFC model will identify
what these waveforms are the same as the waveform of the datasets. From that, classify the
characteristics of current and voltage waveform at PCC with the direction, phase angle, amplitude,
and order of the harmonics, as well as the voltage amplitude and phase angle of the power grid and
solar power source. The results help identify the responsibilities of the involved parties and enhance
the effectiveness of harmonic quality management.
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1. INTRODUCTION

Identifying harmonic sources in distribution grids with high penetration of distributed energy
resources is crucial for maintaining power quality and ensuring the stable operation of power systems (PS).
As "Net zero" becomes a global priority in energy development, Vietnam has implemented policies such as
Power Development Plan 8 [1] and Decree 135/2024/ND-CP [2]. While the growth of renewable energy
presents significant opportunities, it also introduces challenges, particularly regarding power quality.
Harmonics in the grid can increase power losses, reduce efficiency and equipment lifespan, trigger
resonance, overload components, and impair the operation of protection and measurement devices. These
issues directly impact the reliability, quality, and stability of the power system [3, 4].

Power Grid Solar power source

PCC
Figure 1. Point of common coupling (PCC)

To limit harmonics generated by distributed power sources/PV sources/loads at PCCs (shown in

Figure 1), international standards are established, of which the most common are IEEE 519:2014

(harmonic level limits for PS), and IEC 61000-3-6:2008. In Vietnam, there are also standards such as

TCVN 7909-3-6:2020 (equivalent to IEC 61000-3-6:2008), Circular 39/2015/TT-BCT for the
distribution grid, Circular 30/2019/TT-BCT [5-8].
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Identifying harmonic sources at PCC is an important issue for power companies and customers.
Since the 1990s, many methods have been proposed [9-11], divided into two main groups: multipoint
measurement and single-point measurement [12]. Multipoint measurement methods provide accurate
information on harmonic states but are difficult to implement and expensive due to complex equipment
requirements. In medium and low-voltage grids, single-point measurement is more popular despite
difficulties in accurately determining grid impedance. Single-point measurement methods are divided
into three types, based on active power flow direction (APFD), reactive power flow (RPF), and current-
voltage ratio (C-VR) [13]. Some prominent methods include: the power direction method, based on the
phase angle difference between current and voltage but the accuracy is not high [14]; the harmonic
current vector (HVM) method, which determines the proportion of supplier and customer contributions
based on impedance, is easy to implement but requires system information [15, 16]; and the RLC
method, an improvement of HVM, which models customer impedance as a parallel RLC circuit,
requiring only current and voltage measurements at the PCC to give approximate results [16]. However,
these methods have limitations and have not been approved by international organizations such as IEEE,
CIGRE, or IEC to fully meet practical and commercial requirements [13].

In Vietnam, most research projects focus on reducing harmonics caused by nonlinear loads and
solar power sources. Therefore, research to determine harmonic sources especially when the solar power
penetration on the power grid in Vietnam needs to be considered and studied comprehensively, in the
context of Decree 135/2024/ND-CP was approved.

Consequently, identifying harmonics sources using a single-point measurement method and
machine learning in the direction of extracting waveform features at PCC is proposed. The numerical
data of voltage and current waveforms generated from the MATLAB/Simulink model are used as
training datasets for the RFC model to identify the source of harmonics. The characteristics of current
and voltage at PCC with possible cases will be saved in two forms: numerical data of the waveform and
its images. In addition, this method can be used as a sample model for model development with other
voltage levels in distribution grids. The accuracy of this prediction model depends on the amount of
data generated and trained. The results achieved in this paper will contribute to determining the source
of harmonics at PCC.

2. METHODOLOGY
2.1. Harmonics

According to [5, 14, 15], harmonics in PS are sinusoidal periodic waves with frequencies that are
integer multiples of the fundamental frequency of the system and are classified according to criteria
such as: by harmonic order including even order (even multiple of the fundamental frequency) and odd
order (odd multiple of the fundamental frequency); by harmonic direction from the grid, from the
customer source or both directions to PCC; by the level of influence including low-order harmonics
(under 15'") and high-order harmonics (above 15%™); by origin including linear and nonlinear
harmonics; by waveform and impact including continuous and discontinuous harmonics.

Based on international standards, harmonics are measured based on Total Demand Distortion — TDD
and Total Harmonic Distortion for voltage - THD,,, according to formula 1 and formula 2 respectively
[5, 6]. Additionally, to determine the origin and impact of each individual harmonic component, the
individual harmonic distortion coefficient - IHD can be used. TDD is defined as the ratio of the total
harmonic distortion to the maximum value of the fundamental load current, following as

12412412 ++12
TDD = ——— X 100% (1)

ILmax

Moreover, THD,, is the index of the synthesis of harmonic components of the voltage compared
to the fundamental frequency component, reflecting the level of distortion of the voltage caused by

harmonics, which is calculated as
THD, = ——— X 100%

1

)
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In formulas 1 and 2, [} 4, is the maximum demand load current (fundamental frequency
component) at PCC; I, 1, ...I, are currents of harmonic component;V; is the voltage of the
fundamental frequency component; V,, Vs, ...V, are voltages of harmonic components.

2.2. Recommendations for harmonic limits

According to IEEE 519:2014 [5], the recommendations for harmonic limits include: THD,, does
not exceed 8% for voltage levels under 1kV, and 5% for voltage levels between 1kV and 69kV) in the
distribution system. TDD depends on the short-circuit power level at PCC, individual current of
harmonic component, and voltage level, usually not exceeding 20% in many cases.

In Vietnam, under the conditions of the nominal voltage limit of the distribution grid (110 kV,
35kV,22kV, 15kV, 10kV, 6 kV, and 0.38 kV), the allowable operating voltage deviation is + 5% at
the connection point with the electricity customer [8]. According to regulations [8], the total harmonic
voltage distortion THD,, should not exceed 8%, 5%, and 3% for low voltage, medium voltage, and
voltages greater than or equal to 110 kV, respectively. For current harmonics, there is a distinction in
the requirements between power plant elements and electrical loads. TDD of current harmonics is
stricter for power plants than for electrical loads. For example, for medium voltage, the TDD
requirement for electrical loads is 8%, while the requirement for power plants is 5%.

2.3. Data generation model
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Figure 2. Model for generating voltage and current waveform data at PCC in MATLAB/Simulink

A model for determining harmonic origin by single-point measurement method based on
waveform feature extraction from the machine learning model is proposed. This model includes a
MATLAB/Simulink data generation model and a classification model. In Figure 2, the data generation
model is used to generate voltage and current waveform data (both images and numerical data) at PCC
in MATLAB/Simulink, which consists of a 3-phase grid source (V; = +5% pu, f = 50Hz), a solar
power source (AC side of the inverter, Vp, = £5% pu, f = 50Hz), and a 3-phase voltage and current
measurement block at PCC. Voltage and current waveforms for phases a, b, and ¢ (in the time series)
are saved as a numerical dataset for a machine learning model to predict harmonic sources.
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(2m4, 4th gth 8th 10th,12"),  and group of High-order Even
(14%h, 160, 18t 20tR, 22t 240,

The data generation model generates a dataset within the allowable limits: the operating voltage
at each source is always maintained within £5% of the nominal voltage [0.95-1.05] pu (per unit); the
amplitude of each harmonic in the harmonic groups (HM;- from the grid, and HMp - from the solar
power source) is assumed to be 0, 0.01, 0.02 and 0.03 on each side; the phase angle of harmonic groups
(HP;- from the grid, and H Ppy, - from the solar power source) is assumed to be 0, 90, and 180 degrees
(individual harmonics in the groups have the same amplitude and phase angle).

Harmonics —~ HE

Table 1. Harmonic source from both source sides (grid and solar power source)

Group of | The voltage on the | The voltage on the | Phase Angle of | The amplitude of the | The amount of
Harmonics | grid side: V; (pu) |solar power source | harmonics group | harmonic group data
side: Vpy (pu) (HP; - HPpy) (HMg- HMpy)
LO 0.95 0.95 2205
HO 0.97 0.97 (0-0), 0.01 2205
LE 0.99 0.99 (0-90), 0'.02’ 2205
1 1 (90-0),
HE 1.01 1.01 (0-180), 00(;3
1.03 1.03 (180-0) ’ 2205
1.05 1.05

With the data generation model, there are 4 simulation scenarios with 12397 data. Case 1: No
harmonic source with 49 data. Case 2: Harmonic source from the grid side with 1764 data. Case 3:
Harmonic source from the solar power source of the customer side with 1764 data. Case 4: Harmonic
source from both sides with a total of 8820 data, detailed in Table 1. Each data will have 2 images: a 3-phase
voltage waveform and a 3-phase current waveform. Image and numerical data will be labeled according
to the following name structure like the example: (LE|HE|LO|HO)_V;_Vpy_HM;_HMpy_HP;_HPpy

2.4. Feature Extraction method
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Figure 4. The flowchart of the Random Forest
Classification model for feature extraction based on
numerical data
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The RFC [17] model for numerical data works by generating multiple decision trees from different
data samples, its flowchart is shown in Figure 4. The data is split into training and testing sets. Each
decision tree is trained using a random subset of the data and features, with splits based on Gini impurity
or entropy. After training, each tree makes a prediction, and the final result is determined by majority
voting. The model is evaluated using metrics like precision, recall, and F1-score [18] and then saved for
future classification tasks. The objective of the classification model is to classify numerical data that
exhibit characteristics similar to those of numerical data of waveforms in the training dataset, thereby
drawing conclusions.

3. DATA GENERATION SCENARIO
3.1. No harmonic source

In the ideal case, there are no harmonic sources from either side, no voltage difference between
the grid source and the solar power source (V; = Vp, = 1pu), and no load as shown in Figure 5a. The
3-phase voltage waveforms have amplitudes equal to the nominal voltage, with a 120-degree phase shift
between the three phases, and the current waveform is nullified.
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Figure 5. The current and voltage waveforms (3-phase) at PCC

The voltage waveform is always kept sinusoidal with amplitude within the allowable limit and the
three-phase sequence is a-b-c phase in all cases. Moreover, the current waveform is sinusoidal, but its
amplitude changes (Figure 5b, d) and phase sequence changes (Figure 5c, d) when there is a voltage
difference between the two sides. Then, the phase sequence of the current is phase a-b-c when V; < Vpy,
(Figure 5b, d), and the phase sequence is phase c-a-b when V;; > Vp, (Figure 5c¢).

3.2. Harmonic sources from the grid

In all cases of harmonic sources, the voltage waveform is still maintained sinusoidal with
amplitude within the allowable limit and the three-phase sequence is a-b-c phase. Under the effect of
the harmonic source (LE, LO, HE, or HO), the sinusoidal shape of the voltage is mainly affected at the
peaks causing a multi-peak phenomenon but its amplitude is still within the allowable range, it can be
also seen from Figure 6.

In the case of harmonic sources from the grid, when there is no voltage difference from both sides
(Vg = Vpy = 1pu), the harmonic source (LE, LO, HE, or HO) affects the current waveform in terms of both
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amplitude and phase sequence. When the harmonic amplitude increases while the phase angle remains
constant relative to the system phase angle, the current amplitude increases without altering the phase
sequence (Figure 6a, c). Conversely, when the harmonic amplitude remains constant but the phase angle
changes, the current amplitude remains unchanged, whereas the phase sequence shifts (Figure 6c, e).

Additionally, when (V; = Vpy = 1pu, LE), it can be also seen from Figure 6a, c, e that the 3-phase
current waveform exhibits a sawtooth shape, with sharp peaks appearing at half-cycle and full-cycle
positions. In addition, when the harmonic phase angle changes, the phase sequence of the 3-phase
current is changed from phase a-b-c to phase c-a-b.

In the case of a harmonic source from the grid, when voltage deviations occur on both sides
relative to the nominal voltage (V; and Vp, compared to 1pu), harmonic groups (LE, LO, HE, HO)
influence the current waveform in both amplitude and phase sequence. Meanwhile, the voltage
waveform remains sinusoidal with small multi-peaks, and its phase sequence remains unchanged
relative to the system (Figure 6b, d, f).
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Figure 6. The current and voltage waveforms (3-phase) at PCC when LE from the grid

As the voltage deviates from the nominal value, the phase sequence gradually shifts: from phase
a-b-c (if V; < Vpy, like Figure 6b, d) to phase c-a-b (if V; > Vp, like Figure 6d, f), similar to the trend
observed in the absence of harmonics. In Figure 6d, with (V; < 1pu,Vp, = 1pu), increasing the
harmonic phase angle from the grid (HP; = 90 instead of 0) results in a multi-peak current waveform
where phase a becomes sharper, yet the current phase sequence remains unchanged.

For LO from the grid (Figure 7), when V; = Vp, = 1 pu, the current waveform exhibits sharp
spikes at half-cycle and cycle intervals (Figure 7a, b), the larger the harmonic amplitude and the larger
the current amplitude. Additionally, as the harmonic phase angle varies, the phase sequence of the
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current changes (Figure 7a, b). However, when Vp, = 1pu and V; < Vp, or V; > Vpy,, the change of
the harmonic phase angle does not change the 3-phase current phase sequence, as shown in (Figure 7c,

d) and (Figure 7e, f).

For HO, HE from the grid, it can also be seen from Figure 8a-¢ (HO) and Figure 8f-k (HE), the
current waveform when V; < Vpy, or V; > Vpy, retains the sinusoidal shape, and there are disturbances

on the peaks of the sine wave.
Phase Current

B | 1
‘é Al ,IH|I“ J{ a|r4 15 ﬂ? JL“I L!‘l'th Hl \\‘b
h n.0s .08 Tlmtl; & naz 04 0.6 oE D2
a.LO;_1pu_1pu_0.03_0_0_0
Fhase Current

Amperes (A]

rmu 1sh

c. L06_0.95£u_1pu_0.03_0_0_0

Phase Current

Amperes (A}

0.04 G058

208 oa oz

Time {8}

e.LO;_1.05pu_1pu_0.03_0_0_0

Phase Current
5 ¥ #WWW
2
Tlma(sl
a.HO;_ 1pu 1pu_0.03_0_0_0
Phase Current
H 0 ™ |h
g_ 4y J |L.
006 008 01 012 014 1 018 0.z
Time {s)
b.HO_ 1pu 1§)u 0.03_0.90_0
:"‘;ﬁ RO O000 e
g . p f\a IANSAL U-,,- U ANt
04 0.08 a.08 1—.;;[‘, 012 LRES D76 o D2

¢c.HO;_0.95pu_1pu_0.03_0_0_0

Phase Current

T "'._ }"“. I‘f\. vy RV AT Ay a

P A OAAYAYY .

S\ =

N
] ong 0 006 0.08 o1 012 014 18 018 [i§3
Time {s)
d. HOG_0.95£u_1pu_0.03_0_90_0

ase Current

Amperes (A}

Time {s)
e.HO;_1.05pu_1pu_0.03_0_0_0
Figure 8. The 3-phase current waveforms at PCC when HO and HE are from the grid

Amperes (A}

Amperes {A) Amperes [A)

Amperes {A)

Amperes (A}

78

Amperes (A)

Ampores (A)

Amperes {A)

Phase Current

|, 1
LM ‘Lu
l w; Mt .’é i”{ k“l"\{!\--}-t ](“u )dl B

D04 005 008 0.1 012 094 018 018 02

Time ts)
b.LO;_ 1pu 1pu_0.03_090_0
Fhase Current
2ODEI 002 00d 006 008 LR b0az 014 048 ] 02

Time {s)

d. LOG 0.95pu_lpu_0.03.0_90_0

wrrani

L 08 018

“m\.; {s)
f-LO;_1.05pu_1pu_0.03_0_90_0
Figure 7. The 3-phase current waveforms at PCC when LO from the grid

Phase Current
n e .
Yi W xl W
\
008 008 01 DI2 034 016 018 D2
Time (s)

f-HE;_ 1pu 1pu 0.03_0_0_0

CHEHHHHHHH I |

a 002 ooa a1

Time Is)

g. HEG_lpup_lpu_O.03_0_90_0

hase Current

Time (s}

h. HEG 0.95pu_1pu_0.03_0_0_0
Phase Current
A ' f¢¢. ;Irh‘»'“‘\ I.-\I.\l._‘ Navy '-.- e la
AVLVERVELHAS
a 1.,:;'3] 012 D14 o8 [i81:] o2
i.HE;_O. 95pu lcpu 0.03.0.90.0

008

a1
Time Is}

k.HE;_1.05pu_1pu_0.03_0_0_0



Harmonic sources identification on the power grid with solar power penetration...

3.3. Harmonic sources from the solar power source of the customer

In the case of the harmonics group from the solar power source of the customer, the current
amplitude increases with rising harmonic amplitude (Figure 9a, b and 9g, h). When V; =V, = 1pu,
changing the phase angle of harmonics (LO, LE, HO, HE) alters the current phase sequence relative to the
system (Figure 9c, 1). However, when V;; > Vpy, with V; = 1pu (Figure 9d, e, and 9k, 1) or V; < Vpy, (Figure

9e, m), phase angle variations affect only the waveform profile without changing the phase sequence.
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Figure 9. The 3-phase current waveforms at PCC when LO and LE from the solar power side

For HO, HE when V; = 1pu and V; < Vpy or Vg > Vpy, having the following observations based
on Figure 10c, d, e and 10h, i, k that: The 3-phase current waveform is sinusoidal and has disturbances at
the peak amplitude, the phase sequence is c-a-b phase (if Vi > Vpy) and a-b-c phase (when Vg < Vpy).

For HE at V; = Vpy = 1pu, an inconsistency between negative and positive amplitudes occurs
(Figure 8f, 10f). If HE originates from the solar power source with a harmonic phase angle matching
the system (Figure 10f), the 3-phase current shifts toward the negative edge. Conversely, if HE comes
from the grid (Figure 8f), the amplitude shifts toward the positive edge. Additionally, changes in the
phase angle of HE influence the 3-phase current amplitude (Figure 10f, g).
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Figure 10. The 3-phase current waveforms at PCC when HO and HE from solar power source

3.4. Harmonic sources from both sides

In the case of harmonic sources from both the power grid and the solar power source, the influence
of harmonics on the output 3-phase voltage and current waves is obvious, regardless of HO, HE, LO,
and LE as shown in Figure 11a, b, c, d.

If there is no voltage difference between the grid source and the solar power source, the harmonics
from both sides are the same in amplitude and their phase angle is equal to the phase angle of the system
as shown in Figure 11e. In this case, the 3-phase voltage waveform appears multipeak but retains its
sinusoidal shape. Similarly, when harmonics from both sources are identical, the 3-phase current
waveform remains sinusoidal, though the voltage waveform still shows multi-peak characteristics
(Figure 11f). However, when the harmonic phase angles differ, the current waveform undergoes
noticeable changes (Figure 11e, g and 11f, h).
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Figure 11. The 3-phase current and voltage waveforms at PCC when harmonic sources are from both sides
4. RESULTS

In conclusion, the shape of the 3-phase voltage and current waveforms at PCC will have clear
effects when harmonics appear. The effects of harmonics at PCC are unique to each harmonic group, to
each harmonic amplitude level, and to different harmonic phase angles. The difference in voltage levels
from the two sources to PCC also contributes to the impact on the shape and phase sequence of the
current. Each set of data on the 3-phase voltage and current waveforms contains characteristics, these
characteristics are used to identify the source and the characteristics of the harmonics: harmonic type,
amplitude, and phase angle.

The Random Forest Classification model for feature extraction based on numerical data was
trained with 500 decision trees per sample, delivering exceptional performance in the classification task.
The results indicate that the model achieved near-perfect accuracy, with a precision of 0.99879, a recall
01 0.99879, and an F1-score of 0.99879, shown in Table 2. These metrics demonstrate not only the high
predictive accuracy of the model but also its reliability and consistency in identifying and classifying
data effectively.

The identification of harmonic sources using this RFC model will facilitate the accurate
classification of voltage and current waveforms in each scenario at PCC when harmonic sources are
present. Furthermore, in addition to identifying the source of harmonics, the model also provides
insights into their amplitude characteristics, phase angle, order, and voltage status at both the grid source
and the customer source up to PCC. The development of an application (as shown in Figure 12) or the
integration of this model into measurement devices would be a feasible solution for identifying the
sources of harmonics, ensuring power quality, and clearly determining the responsibilities of
stakeholders within the power system.
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Table 2. The classification report of the Random Forest Classification model

Dataset Precision Recall F1-score

No harmonic sources 1 1 1
HEg with HPg = 0, HPpy = 0 1| 0965517 | 0.982456
HE; with HP; =90 or 180, HPpy = 0 1 1 1
HO; with HP; = 0 0r 90 or 180, HPp, = 0 1 1 1
LO; with HP; = 00r 90 or 180, HPpy = 0 1 1 1
LE; with HP; = 0 or 90 or 180, HPpy = 0 1 1 1
HEpy with HP; = HPpy =0 1| 0965517 | 0.982456
HEpy with HP; = 0, HPpy, = 90 or 180 1 1 1
HOpy with HP; = 0 and HPpy = 0 or 90 or 180 1 1 1
LOpy with HP; = 0 and HPpy = 0 or 90 or 180 1 1 1
LEpy with HP; = 0 and HPpy = 0 or 90 or 180 1 1 1
Both sides HE with HP; = HPpy = 0 1 1 1
Both sides HE with HP; = 0, HPpy, = 180 0.988636 1 0.994286
Both sides HE with HPg = 180, HPpy = 0 0.989796 | 0.989796 | 0.989796
Both sides HE with HP; = 0, HPpy = 90 1 1 1
Both sides HE with HP; = 90, HPpy = 0 1 1 1
Both sides HO with HP; = 180, HPpy, = 0 0.988235 1 0.994083
Both sides LE with HP; = HPpy = 0 1 1 1
Both sides LO with HP; = HPpy = 0 1 1 1
The others 1 1 1

Accuracy 0.99879 0.99879 0.99879

Macro avg 0.999259 0.998241 0.998735

HARMONIC SOURCES IDENTIFICATION WITH RANDOM

FOREST CLASSIFICATION

Il Prediction Result

Prediction:
HE_from_Soth_Skdes_HM1_0.02_HMZ_0.02 HP1.0_HP2_1E0

Uploaded File Preview

and ¥ Measufement at PCC xlsx

Filz uploaded: | and V Measuremant a1 PCC xlsx

Figure 12. Harmonic sources identification with Random Forest Classification Application

5. DISCUSSION

The detection of harmonic sources in PS, particularly at PCC, remains a critical issue. According
to [13], existing approaches can be categorized into three main groups: APFD, RPD, and C-VR. The
first method determines the primary harmonic source based on the direction of active power flow at
PCC: if the power value is positive, the customer is the main harmonic source; if negative, the power
grid is the primary source. However, this method faces limitations when multiple harmonic sources
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exist on both the grid and customer sides under different loading conditions. The second method relies
on accurately determining the impedance of both the customer and the grid, but in practice, the
impedance varies with operating conditions, making precise identification challenging. Similarly, the
third method also depends on knowing the system impedance to accurately assess the contribution of
each side to harmonics. Since no absolute reference point exists, accurately assigning responsibility for
harmonic distortion is challenging, and determining the exact origin, amplitude, and type of harmonics
remains difficult, complicating the implementation of appropriate mitigation measures. The findings in
this study further highlight that harmonic order, magnitude, and phase angle significantly impact power
quality at PCC under varying voltage conditions from both sides. In practice, the APFD method is more
practical and cost-effective since it only requires voltage and current measurements at PCC without
prior knowledge of the system impedance, though it has inherent accuracy limitations [19]. The method
proposed in this paper also relies solely on measured voltage and current data at PCC, but its key
advantage lies in its ability not only to determine harmonic direction but also to classify harmonic type,
order, group, magnitude, and phase angle under different voltage conditions. However, for real-world
applications, more detailed data is required, even though its feasibility has been demonstrated in
laboratory conditions using an RFC model based on feature extraction. Notably, MATLAB/Simulink
provides a powerful framework for generating highly detailed simulation data, enabling the accurate
and comprehensive reproduction of real-world scenarios, thereby further reinforcing the applicability
of this method.

6. CONCLUSION

The paper has indicated that harmonic groups (from the grid, from the solar power source, or both
sides) impact on PCC mainly distort and destabilize the current waveform and current phase sequence,
the voltage waveform remains sinusoidal and phase sequence in all cases but multi-peaks appear.
Different profiles of the 3-phase current and voltage waveforms are unique features and are used for the
training dataset in the RFC model.

This paper has also completed the goal of identifying the source of harmonics through the
combination of single-point measurement methods, along with the application of machine learning to
build a classification model. The numerical data generated from the MATLAB/Simulink model played
an important role in the training process, improving the ability to identify the source of harmonics. The
images are used as references for the shape of the current and voltage waveforms when harmonics affect
PCC. The proposed method not only has the potential to be applied to different voltage levels in the
distribution grid but also ensures high efficiency and accuracy, depending on the quantity and quality
of the training data. The Random Forest Classification model produces results with high accuracy. This
is a promising approach to developing technical solutions for power quality analysis and management,
especially harmonics.

7. FUTURE WORK

Expand the scope of application of the model by applying it to real power grid systems with
diverse configurations and voltage levels. To improve the prediction model, it is necessary to increase
the amount of training data from real power grids. In addition, applying advanced deep learning
algorithms or hybrid models will help improve the prediction performance and improve the accuracy of
the model in handling complex data. Test the trained model and deploy it to hardware.
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TOM TAT

XAC DINH NGUON SONG HAI TREN LUOGI BIEN CO SU THAM NHAP
CUA DIEN MAT TROI SU DUNG THUAT TOAN HOC MAY
DUA TREN TRICH XUAT PAC TRUNG

Ding Chi Cudng, Huynh Qudc Viét", Nguyén Phiic Khai
Trwong Pai hoc Bach khoa Thanh phé Ho Chi Minh,
Pai hoc Quéc gia Thanh phé Ho Chi Minh, Viét Nam

*Email: hgviet@hcmut.edu.vn

Bai bao nay nham muc dich xac dinh va phan tich ngudn gbe song hai gay méo dang trong ludi
dién c6 sy tham nhap cia dién mat troi. Viéc phat trién nhanh chong ctia cac ngudn dién mat troi trén
luéi dién dat ra nhiing thach thuce trong viée duy tri chét luong dién nang va dam bao tinh 0 6n dinh cua
hé théng dién. Trong sb cac thach thic thi song gdy méo dang do hoat dong cua cac thiét bi phi tuyén
ctia hé thong quang dién, dac biét la bién tan, da tro thanh mot van d& can luu tim. Mot phuong phap
xac dinh song hai duoc dé xudt, ap dung phwong phép do don diém (single-point measurement) két hop
v6i thudt toan hoc may (Machine Learning - ML) dua trén trich xuét dic trung (feature extraction) dé
xac dinh ngudn gdc va dinh lugng chinh x4c cac ngudn song hai gdy méo dang tai diém dau ndi chung
(PCC) gitra ludi dién va ngudn dién mit troi. Cac dic trung cia dang song dong dién ba pha va dién ap
ba pha tai PCC dugc luu lai v6i cac hinh anh va dir lidu s6 cua cac dang song bang md hinh tao dir liéu
trong MATLAB/Simulink. Ap dung mo hinh hoc may nhu m6 hinh phén loai rimg ngau nhién (Random
Forest Classification - RFC) s& trich xuét cac dic trung dua trén dir liéu sé cua cac dang song. Vi dir
lidu dau vao la dong dién va dién ap cua ba pha tai PCC theo phuong phap do don diém, mo hinh RFC
s& xac dinh nhitng dang song nay gidng véi dang song cua bg dir liéu. Tir do, phén loai dugc cac déc
tinh ctia hinh dang séng dong dién va dién ap tai PCC gdm ngudn goc goc pha, bién d6 va bac cla song
hai, ciing nhu bién do va goc pha dién ap cua ludi dién va cua ngudn dién mat troi. Két qua tir nghién
clru nay s& gitp xac dinh trach nhiém cta cac bén lién quan va ning cao hiéu qua quan ly chat luong
dién nang vé song hai.

Tir khoa: Song hai, sy tham nhép dién mat troi, chét lugong dién nang, diém dau ndi dién chung, hoc
may, trich xuat dic trung.
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