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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 (2): Random forest structure

ay


http://dx.doi.org/10.83078/jeps.2025.article-1-533-fa
https://jeps.dezful.iau.ir/article-1-533-en.html

[ Downloaded from jeps.dezful.iau.ir on 2025-12-23 ]

[ DOI: 10.83078/eps.2025.article-1-533-fa]

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

RF-ICEEMDAN 099, 5l eolaiwl b (S ST (65,50 maje8 aslads ;o YU Guilagel (glas janseis

Aan J> 53 3ol JKir w9501 5 5Lvosley o3 —¥Y—¥
S s 51 i (55l et 5 Wl ool (sl a5 5 o] il (slo S (saizeinb sl
B9 o 7o i 1,03l pl (s5lwesly ogmu canlal jo .y ) soliiul wied ;08 il O lgieay  Solas

ools (¢ 3lwosksl (Al

ol slasgazme JUSew 585l g (S glici | sk ool ool T gl g 5l ool Tl JuSw slaools Tu
oolul o550 (ganalil (6355 Olgreas oad ai8)F L5y ez ooy by g Cusl ool glyinl (FB B FL) (S5
ol 00 oS (yg05] g g0] (sloesls idu 50 as 5 (65l ey ooty i ;631 Jlasl 5l i sl oo 48,5 18
o ES 0 5 Gl il pre—al G0 60k sl sll e (Bolal S i oSl i o L il aS el yles
5o Holal Ojgods b S 5l eolass s 0,8 1 0 .cwl sals Clisl Bootstrap g, b eeols 51 dolas acgaze )
G anld ol casl ool ais)F )l o o 2l qeammdl OBl jlire 058 ploul (goispmmn &5 B G ool a8 5 L
Ols 2o 551 56T oy b 2l sl 30 1o (igal S| el 438l aslol 55 0 390 pe 4 (e,
Sy ot 5wt Qal (sl (39,9 4igad 8 (Sl v a0 (S oSy sl 29,5
B 518 Sbl o9 aesl sleesls leslai—wl b eass igel Jow il jocwl oo S il o Glise slaes o
YU ol llas aseins )0 00,68 o5 6 00,8 v lbre g FL jlitel ¢ o i E80 il o280 slo Lo

Dgd odusw

(S5 y w2y i b)) (U5, Hlaxe —F

acgazmo sl gun WS g (gumaids o Slae CotS (o pilo (pl ail oo (KiZ yo2 )0 s yilo dlie ) jo oLyl L
Sl S laisds 5wl 0,35 5 s gois dab sla v sl J0 Ygane (Lo ol alo oo ioled |y (695,9 (sbosls

A3 oo imlad 1) (Kizo jo2 50 s yilo sl ol )l (V) JSS 1048 oo ool ols SUj )1, Lol

il polie
Ceie R
4 €] JERCSCAC [ERC N
3 K
TP FP
i
1 i [ g £ g )
ER FN N

Sy w33 i le s poly 1Y) S5

Figure (3): Confusion matrix parameters
o2 ol yo o doal Baa cul ool LSis Jolow oz 5l (K5 02,0 (e be 09— o0 caalin a5 jsbjlen
Wb Cute paid 10 Ko ) 00,8 mple 4 azgi bl ol ololid lp adl oo YU puilagal sl Lol
ww‘@awbwuam;‘S:)Lsdajdmbuid)l?;‘sw‘ob‘oc)yLwL\m‘LsUa}dSw“sumua‘da
20 a8 0l oo medlin (6 —nSS Sl s pile () o Jslw 5l plaST o il olas F) YU ulagel slas a8 el

T PR W d.._‘>‘o).a LQQT aQ w).mb

af


http://dx.doi.org/10.83078/jeps.2025.article-1-533-fa
https://jeps.dezful.iau.ir/article-1-533-en.html

[ Downloaded from jeps.dezful.iau.ir on 2025-12-23 ]

[ DOI: 10.83078/eps.2025.article-1-533-fa]

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

RF-ICEEMDAN 099, 5l eolaiwl b (S ST (65,50 maje8 aslads ;o YU Guilagel (glas janseis

el QLB )0 (S o2 0,05l g Gl eols 5 YU Guilael gl s ol o Ty cude -
pas g &S o)Ll | 50 50 radds o8 i y8) 5 o | 00lad &, YU uilagel gllas Sl ol o Vel o b -
el 00,5 Ml 1) Uas olow|

Sl ools anseis | Uas £48g 0,65 Lol ol o0las ) Vb Guilogel (gllas > ol jo - e ol e -

el 0,5 ol |y U o8 pute w35l Lol ol 0l &, Wl uilopel sllas cllo el ot P ol die -
Bl 3o 2bo5)l Glo)lrs 2 @S Laly) oailsi g eoaylo (K yo 0 (o ile gla sl 5l a8 i )bs ulul
Hlie S5 dy Comni oad (6 pSojlal polie Cond) CBs Mg s lae id Sl egh cpl )0 @S olo ) Ganaid
ot o0litsl TTales oy 5 " el & (R0dSs 4 s o0 (6 S5l polie (Soo5) cdo M emolazs] FA(ols
el 00 08l 5La5 (1Y) B (1Y), U loas ol abogs po Laly, 45 o

TP
PP % 1000 QAD)
Sensitivity TP T FN 00%
2 TP+TN 100% 0%
= X
CUraY = TP Y FN + FP + TN 0
Specificit a 100% QhD)
= —— X
pecificity TN T FP 0
Precision = e X 100% Q1)
recision = TP 0
2 * (Precision * Sensitivity)
F1 — Score = — — X 100% %)
Precision + Sensitivity
2XTP
Dice = X 100% av)

2XTP+FP+FN

axdllan 990 (S S| (6551 29598 A
b 50 ool 5l gllo s aSi Ll ool soliiwl IEEE a i ¥F o jlasbl 5y a0 595 a5l allie ol yo

PO EFS izad g 2ly A b @ Sy mh o ooy e ibise e P b Ll s iz es g cdggkSYTA
Sl aSCs 0)‘9.45 Q_ll \.\.MJL'GA PO Q%.‘ ol 61..4‘ LYo )‘l @l oyl u’ﬁ).,a )‘l P u’_;)’l:s‘_;Lm_i;le O R k5:1).,.@‘:;;,
J105 YU slogel sllas aseis 059> 0 Slallae gl ciolel &,08 slo aSis op Szl 5l (SO a1, IEEE 4 YF

| c&;

Silw dmd o' g s -F

oy 5 Filitel wdlls (o 5) Cudlid «8s sl Jlae il 5l ol Cawdas bl obj,l jskateds allie ol 4o
el ool oolazwl alias

0318 5331 o —V-F

Sy S Ll Wb s Jaw i bice YU Luilosel slas 585 (5le Jow daosls (g glann 10 awund o bage 5l (o
slas Joe jlallie cnl s slare (rropdy il g Gog Ll 28 (39 ()l (392 (a5 5l el (IS sla S
1y Gigi ol 5 odds ool Vb uilogal gllas oo (0) JS ansl oy oalitiasl 35 [1V] g yo o gilel WUy puilisel

a0


http://dx.doi.org/10.83078/jeps.2025.article-1-533-fa
https://jeps.dezful.iau.ir/article-1-533-en.html

[ Downloaded from jeps.dezful.iau.ir on 2025-12-23 ]

[ DOI: 10.83078/eps.2025.article-1-533-fa]

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

RF-ICEEMDAN 099, 5l eolaiwl b (S ST (65,50 maje8 aslads ;o YU Guilagel (glas janseis

5 e 98 0 Hlae jo A Conl oad LSS eliiess (b, 5ls mlie 5 Cuglin s09:0 slacax 3l Jow cpl ams oo LS
e ol 3y 31l Sy o lej s e ()53 e S o (5l o] 453,53 08 o S S
Omed 098 (o0 Ll )18 8929 w0 ;0 a5 (Saglie G5k 5l Gl S S e Culas 29,0 0923 5D (o0 S
2olie Sliesd o3gamme 9 Vb Guiligel slallad Joo sl el (V) Jooz - o055 0 (wgSiae (e S o5 512 5,
okl o U 5l glaiged (F) JSE amo s bt | o il YU Luilagel glas o o 0id ol slo ol
V) S 30 b i 5 W uilogel slallas o am o oLt |, EMTP-IV f38le 5 s ool sty Vb il
53 6,10 paiges uilS B i T oas (6 S 05lail jaud slol jo e el baw o5 Uas b > i Caw | ool ools ioles

Al oo 3, YEA (ol Al

g5 oyl 5o 0dl oolaiuw! YU pilasel gl Juw I (F) S
Figure (4): HIF model used in this research

Title (1):Parameters of high impedance fault model
YU iloal slas Jos sl el 1 (1) 9o

YU uilagsl gl Jow &l s 00 gasme YU pulagl sl Jow sle il )l
R SR O Vp
cdg b=V Vhn
PO P Rp
PUNE R P R
APV D,
AP Dn
ar


http://dx.doi.org/10.83078/jeps.2025.article-1-533-fa
https://jeps.dezful.iau.ir/article-1-533-en.html

[ Downloaded from jeps.dezful.iau.ir on 2025-12-23 ]

[ DOI: 10.83078/eps.2025.article-1-533-fa]

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

" (L8]

LES 830 854 836

IEEE @il YF o luiliow! aSols Jas ST jloges 1 (8) S5
Figure (5): Single-line diagram of the IEEE standard 34-bus network
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Table (2): Evaluation results of proposed method with another method
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