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Abstract:

One of the most critical faults in electrical distribution networks, often leading to hazardous incidents
such as fires, is the high impedance fault (HIF). Due to the low magnitude of the fault current, this type
of fault typically remains undetected by conventional protection devices, such as overcurrent relays.
Moreover, the amplitude variations and waveform of HIF currents closely resemble those of other
phenomena, such as variations in linear and nonlinear loads. In this paper, a Random Forest
classification algorithm combined with an improved noise-assisted Complete Ensemble Empirical Mode
Decomposition with Adaptive Noise (ICEEMDAN) is employed solely for the identification of high
impedance faults. In the proposed RF-ICEEMDAN method, the dataset consisting of measured current
signals from high impedance faults and load variations is first collected. The ICEEMDAN method is
then used to decompose the signals and extract features from each sample. The extracted features are
fed into the Random Forest classification algorithm. The proposed approach is implemented on the IEEE
34-bus distribution test system. The results demonstrate high accuracy and effectiveness in detecting
high impedance faults. For simulation and evaluation purposes, EMTP-RV software is used for
modeling the power system, and Python programming in the Google Colab environment is utilized for
feature extraction and implementation of the Random Forest algorithm. The obtained results confirm
the high performance and reliability of the proposed approach.
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Figure (4): HIF model used in this research
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Figure (6): IMFs after applying proposed method to the HIFs signal
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Figure (7): IMFs after applying proposed method to the load switching signal
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19


https://jeps.dezful.iau.ir/article-1-533-en.html

[ Downloaded from jeps.dezful.iau.ir on 2025-10-24 ]

Journal of Novel Researches on Smart Power Systems - Vol. 14 - No. 1- Spring 2025

RF-ICEEMDAN o9y leslainl b (G S 65,50 aajer aSials jo YU Gulagel (glas janseis

oS (275 S a2 gy & S I8 BBl oolert iy (39, ROC civie 098 0 ol » a5 j5blan
olorin o by, 40 09l oo oddlin 2 4T Hsbles AUC Jlade iz G Tools lini 095 5l g (SeS o0lo b JolS
Syle 5138 31 g lade

a5 Vf cws aSs g1, RF_CEEMDAN ;5 RF_ICEEMDAN (somdib i son] cwods (Kisu 00,0 L yile
(V) s crmiz o ol 0 dmslins s ile ol 8l o) 6o ylomo Ll ol ot o0l i () +) Ui 4o IEEE
RF_ICEEMDAN (sla jss, 5l oolaw! L IEEE ais YF s aSit slp b)) Gloylas Ll 51 onel cavoas gl
Das e olas |y RF_CEEMDAN

Confusion_matrix Confusion matrix

Real
Real

Predicted Predicted
(@) (&
(<) RF_CEEMDAN g (f) RF_ICEEMDAN (g 3l ooliwl b (Kodt 5 o 50 (gt yilo 1 (1e) JSCi
Figure (10): Confusion matrix using RF ICEEMDAN (a) and RF_CEEMDAN (b) methods

Table (2): Evaluation results of proposed method with another method
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. High Impedance Fault (HIF)
. Dense Convolutional Neural Network
. Long Short-Term Memory (LSTM)
. Complete Ensemble Empirical Mode Decomposition with Noise-Assisted Data (CEEMDAN)
. Empirical Mode Decomposition (EMD)
. Autoencoder
. Multi Layer Perceptron (MLP)
. Photovoltaics (PV)
. Explainable Incremental Learning
10. Discrete Wavelet Transform (DWT)
11. Wigner-Ville Transform
12. Improved Complete Ensemble Empirical Mode Decomposition with Adaptive Noise (ICEEMDAN)
13. Random Forest (RF)
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17. Standard Deviation
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21. overfitting
22. Decision Tree
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