N g
2

MerS ope b Gy ol culs adld Wl dlolv gilw soly 9 214k
Cilo (6 3500 sl vy 595l

siamheidari@gmail.com s> pleo

ol

Ol S ielion s (Lol (ansiS o S S el edle (6 50k sl o501 g lS” sl ol


mailto:siamheidari@gmail.com

1FF Lo NF o Loy O 0590 ©9b3 9 P ool @m 50 (98 o yalws alxo

loazass 5l (S 4 Gy (del Egdge 009y (S 0 (S Sl jleolitul 938l59, (5 yS L
Dl 23 P s a8 cul Gloway (Sl ol catd el oad b ol )8 5 Glusige Lol
sl 185 T (ST B e ilsT s 9 955 00 Slml Casb) b bl sl Ll dagile (Foges 8
Libla 520 5 Vgoma (b2 Ca (a6l e s (Slopimms ;8 095 Sl Sl > g Sligzs
claslote 10 (6 S50 Lyids Ol g ol Al 0939 b .09 co eoliiwl 548 L (RCD) l> Lislre (slaondS asile

sl 3gama Loyl )0 oz bl o SUlss 5 (095 gl e s o280 Lol o5yl Ol g 5 Ll )

o2l olalels b Sl (il (6,,50L (glaei oSl Cd i g oals pgle i) b sl sla Jls o
Sygods g 00,5 olulid 1) sole e slagSl (SO Sl slaools Ldos g 4500 b asly o a7 el 0l
Bl Glaptu S Slas (iluaite CelilB oo o) (nl wams las (ST Gl Coiis 4y S dialsn
dohyy ool Sl odliid b olyiise origras aimd e bl pSiatn Dypon | ool o il 5

3,5 65l sax slacaw! 5l g 00,5 el 3 1 lalas alXiasg) ausis

9 ‘5>\)L: u.....ul.o 6}::5°l-.’. Lgl.cbml.lﬁfﬂ )“ 6)-.:5%-6-.’[-3()[-.’.)-?' Sl ua.or.w.s REONWEY. S Lol uS.a Wl Q.g.‘ 5o

AEYHESIN &‘93‘50 albels (pl a2 Jlaie )5 4 5 00,5 lolid w9 3280 D04 L ol cuis

38 58 eolitul 3 50 diedgn blis 4Y K laedy Saio Slawul g bolS 5wl ol

59



1FF Lo NF o Loy O 0590 ©9b3 9 P ool @m 50 (98 o yalws alxo
. ..00 . d‘&'

S Ol i ansis gl dedige abile S (gilwesly 5 (b (B cnl (Lol Suse
i wlael LB 5 @ (355 Ojg0ar Wlsh oS Coul dle (6,500 lap ;55 51 (6550 b
2y &R Sl ol Ban (p) LS 550 a8 (6,56l Jloiml Dl s g5 55 00,5 alubis ] (S sl
g oo JUdo 5
Srio 5 (S G @i el o b,z i GlagSl ow) g Jelos )
wasis 10 (KNNgSVM Random Forest) asle (pisle (6 5ol calbises (slapis 5501 o ,Slos dunslio -Y
Ol Sl

o Joo Cuud g Ui:)'g.n—‘ Sl ol cuid ol gilwand 5 (2Bly slag L 5l juae oold Sl SO olx] Y
s Sl gy 4 s SO S slallas Slolis anls o aokul flo; rals 5l iali8l -F

Ol ydd g 430 (S b ogzge (So S lapiunns 50 dilolus (pl o (g5luosly sl olo,Sal, &51,1-0

6)13-"’1**’

A A ’ - &
‘3 .. .o 2

5 o LA o3y SBASL Sz 5 (oSl Sliagas 5l eolital 2l L usl slale o
dojod aiile (iw (slaghy) Lol oud Lol 3y gl 0 pie Slegdge Sl (Ko Gl Sl BB
SIS 83 3 lgn (F oy sl G wé e o SilSe (bilis slaptans 5 (RCD) o> Lidles slaods

Al 1y by g 5k o rohw o s b S slaciis aseis @Ulgss FVWIRY

60



1FF Lo NF o Loy O 0590 ©9b3 9 P ool @m 50 (98 o yalws alxo

a8 )5 &g mile (6 S0k slapin ;oS ookl b )b > s (ansid C80 sgupn 6l p (soaie Slado

sl L& Jd=s sl Random Forest oo 531 5l Wang et al. (2021) zags jo (Jle sl ool

‘W.obdmo?}1m6bﬂ|w)o@deoASMooLé:;.u\Gi;Ls-éﬁMgSi)ooliﬂ

UL’)'> s w\y (ANN) (£ Fean (mal LchbAS.Am )| oolazwl b (2019) ubl.i‘o.ib 9 Li .L:...ns; Lg‘a\:.jl.b.e
B8 add i sla by 4 Camd YL CB L) Saio Ol o

sanaib ¢l Support Vector Machine (SVM) ;1 (2020) il Koo g Zhang oo i 5o
Iy ol by cuid canl HolB o oSl (pl a5 aisls Liad 5 0,5 eolaiwl Cgune ol jo L > (sla Sl
A2 asid Jaoe S0 g gl balyd o 2>

it ol 3 Olgise e sl Slapins 5o 0T 08 5 edle S0l 0 3l Glacd i 4 axg L
CoblE g e (B0l s o g, 4 s AF S8 T 0y diadige labele (b (gl aied 0l

O P S | DY}

B4 5o b

Gz by el oo plmil (S 9 (65) (5 5 0,509, L g oo larwgi-s0 )5 g5 5l Gaghy ()

el 0393 8 Shoe 2551 g (s5lwosly al> o 4o ‘551&‘.“}—‘ 9 b a> o o Jdxi— oy Ojgoa

Sleado Judoi g osls G)ST&“‘.’ -\

0357 il 50 g Sl ysld 5 LA (S slag) (Ol (G Elel 4 bgye (gl DledbT dazl 5o
ol oS ghslaen 8 Glaiiiw g Sare slaslailinl  ode OYls ( paasS jgie anlllae &b )

28,5 )3 oolitul 3,90 bl (33 SlajLs et g Altne e cSLS (sl SledL|

61



1FF Lo NF o Loy O 0590 ©9b3 9 P ool @m 50 (98 o yalws alxo

i (>, =Y

S5l G 5 (bl Jssle 5 bliz 4l colz s 99, 32) ()3l slagis Jals
MATLAB 15816 o g xSUl jlae (5 5lwacis sl Proteus j1i8le 5 og (Laseis o ,65) (oo 5595)

8,5 1,8 oolaiul o050 iy )6l (g5lwesly g ools Jdo ol

6:3‘3 LgLQob‘b 6)5—‘éo.‘> -Y

5 Silwand ool 1o by ot calisee slag b (opile S0k sladae Cous g Shigel jelateas

A0y i 6559 C)L"} 9 )L‘JE <l S

oeiile (5,250l glo Jaw bjgel 5 ol -F

ol (5ilwesly 9 LUl S5 9 )lge alez I pile (6 250l 5Nl iz
(Decision Tree) guouas <0
(Random Forest) olas JKix

(SVM) bty 1o ool

(ANN)‘S.CM emas A

62



VFoF 5o OF o)lois B 0593 629U 9 Y grolSe B 0 (g sladgliwd almo
(033l 3L Y+ 7) ctalosl sloosls b g oo ool o390l (Waools V1) ijgel slosls 5 oolaxwl b o Jow

b)ila.s Lg’l‘))‘ -0

o soliul il slo asls 5l b Jow o ,Slee s, sl
(Accuracy) s

(Recall) cosls

(Specificity) S

(FPR) 3 oo s &

il Jldod glanolie logad g Jelas (B o o Jow o Sas 5l Lol> gl

sl (5051 9 (2ls sjlwosly -F

wl> o cpl 40 0l gilwooly gug,l 0 (g, Bl alele o cils 1) 8 Sles YL A5 Coine Jow

&S Sl -V

63



Vo F s IF o 5lois B 0,90

63958 9 5 gmolS @y 30 (p g8 (LB Holiws dlxe

(iiSlg ey (LB pgas )0 S Glaastie 9§ 2 sla eSS Jold wadgl o )15 51 AT sles 9550

Literature Review

System Design

Collection of Real-World Data

[ Selection and Training of
Machine Learning Models

Performance Evaluation

. J

Final Implementation

_ and Testing

s ™

Qualitative Analysis

PO - l ?
d o @.

S50k slapi oSl 5l oolatnl b b o cuid aseidd diedign ailele (g5lwosly 9 b 5l e

5 ol bl 8,5 alonil (aBly o cialej] sloosls asgacme (wlol it o, Slos 585 b5,l (eiile

il y5 70 4 oodls (59, p e Jow cus

Algarithm Accuracy (%) Sensitivity (%) Specificity (%) False Positive Rate (%)
Random Forest 97.4 96.8 98.1 1.9
Decision Tree (CART) 93.2 91.5 94.7 5.3
SVM (Linear Kernel) 90.1 88.3 91.6 8.4
Logistic Regression 86.7 84.2 88.5 11.5

Ll s0ls &l 1y Fhg g Camlas s 3L Random Forest oo 631 a8 sias co ylis 548 zulis

cis 3l b el sla )b, ey (30 by sla Sy ol odumms Ly, S0k b a6l

64




1FF Lo NF o Loy O 0590 ©9b3 9 P ool @m 50 (98 o yalws alxo

Y7 ;! S (false alarms) Qs slaloca e 500 Gaw 5l Sldee buslys jo o slaxel L3
sosls [il8I L aS s sbas s (incremental learning) (v ,05 5 w50l colild yuman ailolu

b e

oolaiul a5 ams oo ylid )b o Cuid [l diedign ailele (g5lwesly 5 >k ) ol ds s

ol Bl o sl gy b anslie o 1) jaseis 88 Wilg o 6550 b 4 il 6250k slapin 6501 )

L agzloe 1o g S ol 1) b jlaws slhas &5 el solpinn ailolu wadplz! slo iolosl o .amo
20 &l 4z e BB o Slas wgis olulils Jgore sl RCD vy sl (Sae a5 cars s slayb >
Judos jo b w65l ol & Random Forest oo 631 51 oolarul wiloles opl 50 mpe OIS 51 (SO
5 Glabam>de b8 dgps cmge (380 (aimaiws 1o 1 YU ol Lo 4y aS 0gr oSl L, slaesls
5 Sl s ISl g G310 o ssle 5 355 (Sl S 54 b (rimad A s lgd o Shac
Coms o S Ol cal (ioli8l o o a8 G 0g5 ol 45T al el 3 aBly Lo yo baosls Jdow

D9l s
o 5 dame calites bul, s b llasl cobls ailols opl a5 aisly lis sdelcussas mls 5o (sgu

J,,Jocu.‘og)k-cu. .Mo‘sa wﬁaj ‘S,LM>L.¢9WC;LM)9): 3o |) UT O).g)lsfo‘ Q.g“d.fd)‘d ‘) )Lg k_J9L°.AA

65



VFoF 5o OF o)lois B 0593 629U 9 Y grolSe B 0 (g sladgliwd almo
ol o pand iy slanin sl 51 6 S0 e sl Hlle 5 W) 5 Sloyie,a OBl (i Yosle ()b
1 8gzg 3
ol ol a8ly sla wliae jo (gilwosly sl oYL Jeily g olopy sblas sl (gilodielisn

STl (8,5 55 5l (A6 Boly> mals a4y Wil e aSly cans o (I, )8 sl Lo aibabs

S S

=
.t
S e e

Lo SO sl by coid aseld Cqa wiedsd slailole gilwosly 5 b Gaa b iagh ol

Slaools Jdow g pvw (s3lwosly 5l Jols bl ol sl il 650l sl )65l 51 (6 S0 4o
Support Vector ; Random Forest L laes o3 5l eolatul a5 cool o] Sls coads (s 5lanx
slagb,z 5l olepe slapl > SSE 50 1, VL cds (gb > cts lagSl glulis ;o Machine

3jbocen palp Jlo

oealS Y aseis ey alex 5l gousin blse il cal b alel ¢ Jolaie slo g, b annlin o
(et Sl (65531 by Bran 5 ae piie Ll i L s pay bl clblBipss 5 sl g5 sl pSeix
Aadigh gy Gl b Lol pléol ColblE o ST (35105 5 Wosls (6 slaaz (sl oais o1k slasile
sl 1o alble pl a5 ol Glis 5o Slawe Glagyse;l 5l Jol> oym8 mlis 0,5l oo o2l 1) (65,5
Vol S @lagl,z 5o Sl @lebd 4 0B 5 wes e (LS 093 3l g lul o0 ,Shes oS 5 (S

RO EYp O SON [l 103

66



VFoF yleg OF o louis o 0593 62953 9 3 gumolSed 1 53 a5 WSy gliws aloxo
ébdjwdﬁi (8,5 5 Dolg> ax gy B jralS 4y i Wilgd oo i (] 5l oolainl (g0 IS Hlake
St 3oz ol sty SE s R s 00 e Sl 4 el 5 Ol S5 1 20
oS Sl (izran AT oo ol,8 (Soran (gp  (gie Wialige (el (SLpts drwg (gl (grlie

2,18 0529 55 5,00 Lok sl 5 (o el slooje> ple )0 sudoslatul slapiy oSl g o b,

67



1FF Lo NF o Loy O 0590 ©9b3 9 P ool @m 50 (98 o yalws alxo

&lw

1. Zhang, H., Wang, L., & Zhang, X. (2020). Detection of electrical leakage current
using machine learning techniques. IEEE Transactions on Industrial Electronics,

67(8), 6845-6853.

2. Liu, Y., Chen, Z., & Guo, Y. (2019). Design and implementation of smart leakage
detection system based on IoT and SVM. International Journal of Electrical Power

& Energy Systems, 107, 346-354.

3. IEC Standard 60947-2. (2016). Low-voltage switchgear and controlgear — Part 2:

Circuit-breakers. International Electrotechnical Commission.

4. Heidari, S., & Rezaei, M. (2021). Application of Random Forest algorithm in
electrical fault detection systems. Journal of Intelligent & Fuzzy Systems, 40(3),
5139-5149.

5. Khan, M. A., & Alotaibi, S. (2021). Real-time monitoring and leakage current
prediction in smart grids using deep learning. Sustainable Energy Technologies and

Assessments, 45, 101159.

6. Mohammadi, A., & Sadeghi, H. (2018). Comparison of machine learning
algorithms in detecting leakage current faults. Iranian Journal of Electrical and

Computer Engineering, 17(2), 83-90.
7. Vapnik, V. N. (1998). Statistical learning theory. Wiley-Interscience.
8. Breiman, L. (2001). Random forests. Machine Learning, 45(1), 5-32.

9. Ghosh, S., & Das, S. (2017). A review on leakage current detection methodologies
in electrical systems. Journal of Electrical Engineering and Automation, 5(2), 110-

117.

68



10. Alavi, M., & Hosseinzadeh, R. (2022). Design of intelligent residual current
detection systems based on IoT and ML. Journal of Electrical and Computer

Engineering Innovations, 10(1), 25-32.

69



VF+F 5Le IF ol B 090 ‘S)gl.'d: ) JSHU‘@}' POy ‘SLQ.:),L?.NQ alxo

Smart Leakage Current Detection Based on Machine

Learning

Siam Heidari* - 12th grade student in Electrical Engineering at Shahid Shahryar
Namaki Technical Vocational School Sanandaj

siamheidari@gmail.com

Abstract  With the advancement of technology and the rapid growth of smart systems, the need
to use new methods to increase safety and efficiency in electrical networks is increasingly felt.
Electrical current leakage is known as one of the main factors in the occurrence of risks and
accidents such as electrocution, fire, and financial and human losses. Rapid and accurate
identification of these types of faults in electrical equipment can play an effective role in
preventing these risks. In this research, an intelligent current leakage detection system has been
designed and implemented that analyzes the current flow data using machine learning algorithms
and accurately identifies the leakage status. First, data from normal conditions and conditions with
current leakage were collected and preprocessed. Then, models were trained using algorithms such
as Decision Tree, Random Forest, and Support Vector Machine (SVM). The results of the model
evaluation show that the Random Forest algorithm had the highest accuracy in current leakage
detection. A simple and efficient user interface was also designed to display the system status in
real time. This system can be used in domestic, industrial and commercial applications and play a
significant role in reducing electrical accidents. According to the results obtained, the use of
intelligent algorithms in the field of electrical safety can create a major revolution in the electrical
industry and electrical protection.

Keywords: Machine learning algorithms, electrical safety, leakage detection, intelligent system,
current leakage
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