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Abstract: In the context of the construction of new power systems, with the large-scale grid connection of new energy
and the widespread application of nonlinear equipment, the harmonic problems in the power grid exhibit stronger ran-
domness and volatility characteristics. Building a general model for uncertainty of harmonic sources is the foundation for
evaluating the impact of harmonics and optimizing governance strategies. However, existing models have high computa-
tional complexity and are difficult to fully leverage the advantages of large sample data, resulting in limited model
accuracy and difficulty in meeting practical engineering requirements. To solve the above problems, a method for estab-
lishing a general model with uncertain harmonic source based on XGBoost-KDE was proposed. Firstly, the mapping
relationship between the physical quantities related to the harmonic current and harmonic emission characteristics of the
harmonic source was established through the eXtreme gradient boosting (XGBoost) algorithm. Secondly, the kernel den-
sity estimation (KDE) method was used to obtain the probability density function and probability distribution function of
the prediction error and to construct the prediction error interval. Then, based on the point prediction results, the interval
prediction results of harmonic current at a certain confidence level were solved. Finally, a model online updating method
based on adaptive dual strategy was proposed, which enabled the model to more accurately track the dynamic changes of
harmonic characteristics of harmonic sources. Through actual testing and simulation data verification, compared with
other modeling methods, the proposed modeling method has high accuracy and strong universality in single harmonic
source modeling and complex multi harmonic source scenarios. The proposed online model updating method can use
more historical sample data for dynamic model updates, thereby improving the applicability of the model.
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Table 1 Comparison of interval prediction evaluation indica-
tors for three inverter-type power electronic

harmonic source models

T PR
... SVMKDE GPR XGBoost-KDE
POR 2D
. PICP 0.965 0.975 0.980
* PINAW 0.173 0.136 0.079
) PICP 0.965 0.970 0.970
° PINAW 0.040 0.028 0.013
, PICP 0.945 0.955 0.965
7 pPINAW 0.179 0.171 0.099
) PICP 0.970 0.975 0.985
7 PINAW 0.035 0.032 0.029
; [ [ ]SVM-KDE
1V 1GPR
XGBoost-KDE
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Fig.2 Comparison of point prediction evaluation indicators for

three inverter-type power electronic harmonic source models
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Fig.3 Comparison of interval prediction results for the Sth

harmonic current amplitude
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Fig.4 Comparison of interval prediction results for 5th

harmonic current phase angle

P, 2R R AR R A FEARAR R A%, BERAR
JEZS 24 BRI B A A B R AR T R, SR
R T AT o B R A s 15 B AE 97 A
A FEERE S AL, SRAIR N 10 kHz, AR N
A E R ELA,  SR R {8 B AR i (fast Fourier
transform, FFT)X} A AREEL 4T AL o0Hr, 1%
I 2 000 ZH 7% #e 5 R R E AR T s, MR
7:2:1 B AR S BEALRI 2 I 254 | B EER AN
MEREE . 7B SERR I E W A& I E R, AR
LB A 1 AR I I B K1 % R B HLR 2% o
RIESE 1.1 Tk, Tl f iR B i i
STV BN 23, 25, 47 F1 49 S HLE,



3182 i LR

2026, 52(7)

BRI, BEAY BOH N 23, 25, 47 F1 49 YRigU LR
PR R 25 30t e R 2 30 L 378 PO R LRI AH 8
SKH 3 PR IR R 1 2325 Y i AT
DX TE) TR, A [RTRE 2R f X ) F0MU VT A Fi it b4 SR
e 2 frs, s E R bR bb 25 R an & 5 ffrs .

23 PMERRAL T B R Y (1 X[ T VAN
TRARXT EE
Table 2 Comparison of interval prediction evaluation indica-
tors for three rectifier-type power electronic harmonic

source models

gl AT

wa g SYMKDE GPR XGBoost-KDE
PICP 0.955 0.990 1.000
B pnaw 0.131 0.093 0.079
PICP 0.940 0.965 0.990
%5 bNaw 0.108 0.037 0.032
PICP 0.950 0.995 0.995
B pnaw 0.230 0.154 0.098
" PICP 0.960 0.980 0.990
PINAW 0.033 0.023 0.010
3.0
[ |SVM-KDE
25F daorr
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20F

MAPE/%
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Fig.5 Comparison of point prediction evaluation indicators for

three rectifier-type power electronic harmonic source models
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Table 3 Comparison of interval prediction evaluation indica-

tors for three harmonic source models of electric arc furnaces

T AT

Wa g SYMKDE GPR XGBoost-KDE

PICP 0.940 0.970 0.990

* PINAW 0.135 0.098 0.038
PICP 0.920 0.985 0.990

% pNnaw 0.232 0.183 0.101
PICP 0.950 0.950 0.975

b pnaw 0.189 0.073 0.047
PICP 0.955 0.965 0.980

7 pnaw 0.210 0.188 0.088
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Fig.6 Comparison of point prediction evaluation indicators for

three harmonic source models of electric arc furnaces
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Table 4 Comparison of interval prediction evaluation indica-

tors for three complex harmonic source models

o PR
e SVM-KDE GPR XGBoost-KDE
POR 2D
PICP 0.940 1.000 1.000
* PINAW 0.267 0214 0.112
) PICP 0.920 0.990 0.990
°  PINAW 0213 0.186 0.124
, PICP 0.920 0.980 0.990
7 pPINAW 0.085 0.055 0.038
) PICP 0.935 0.975 0.980
7 PINAW 0.021 0.018 0.013
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Fig.7 Comparison of point prediction evaluation indicators for

three complex harmonic source models
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Table 5 Operating status of various devices in

different time periods

W Ty T T3 Ty Ts Ts
AL ° X ° X ° °
HI ° X X X X °
LR ST ° ° ° ° ° °

K6 PRI AR L B ik Rt B

Table 6 Comparison of two online updating methods for

models
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Fig.A1 Prediction error probability density fitting diagram for different harmonic current amplitude intervals
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Fig.A2 Prediction error probability density fitting diagram for different harmonic current phase angle intervals
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Table A1 KDE goodness of fit test results for different harmonic current amplitude intervals
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Table A2 KDE goodness of fit test results for different harmonic current phase angle intervals
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Fig.B1 Schematic diagram of complex multi harmonic source network power supply topology
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