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Abstract:
Overcurrent relays are the main protective devices in a distribution system. These relays perform

their task according to the current amplitude of the distribution system feeder. If the current
amplitude exceeds a predefined threshold, the relay will send a trip command the respective
breaker. The problem is that, the current amplitude does not highly increase for a high impedance
fault (HIF). Therefore, these faults are not identified by the ordinary protective devices. A new
intelligent algorithm is proposed in this paper to identify the HIF in distribution systems. S
transform is a powerful time-frequency analyzing technique which is able to extract all time and
frequency information of a signal. After a close analysis on the S transform (ST) and its output
specifications, all amplitude and phase information of the input signal in both time and frequency
domains are extracted. ST output information is extracted by some curves. Then, to quantify the ST
output information, four numerical indices named as total harmonic distortion (THD), even
harmonic energy (EHE), variation coefficient (VC) and phase difference (PD) are extracted from
the ST output curves. Each of the indices represents one of the amplitude or phase information of
the signal in time and frequency domains. To identify the numerical indices related to the high
impedance faults from other distribution system events, the indices are used as the inputs of the
fuzzy system. Using fuzzy system and its inputs, the HIF is identified from other distribution
systems such as the normal situation, load switching, capacitor switching and transformer inrush
current. In the proposed algorithm, phase deviation before and after the event is used for the first
time and using this parameter, the algorithm implementation time is reduced to 0.02 seconds.
Simulation results show that in a 30dB noisy environment, the accuracy of the proposed algorithm
is higher than 98.5%. Test signals are extracted from a real 20kV network simulated in PSCAD
software. Results of testing the proposed algorithm show its superior performance in real
distribution systems. Having high speed and low computational burden of the proposed algorithm,
make it a good choice for applying on the real protective relays.

Keywords: High impedance faults, distribution system, S transform, fuzzy system
Date of sending the article: 2024/08/09
Acceptance date of the article: 2025/04/19

Name of the Corresponding Author: Saeid Hasheminejad

Corresponding Author's Address: Haft bagh alavi boulevard, Graduate university of advanced technology, Kerman, Iran

Iranian Electric Industry Journal Quality & Productivity Vol. 14/ No. 1/ Spring 2025


http://ieijqp.ir/article-1-1007-fa.html

[ Downloaded from ieijgp.ir on 2026-02-24 ]

Iranian Electric Industry Journal Vol. 14 / No. 1 Spring 2025
Quality & Productivity ISSN 2322-2344
YA-¥A Lo e EISSN 2717-1639

35S Jouss 3l ooliiasl b 0395 aSds 30 YU iluigal (slallas Lol

LRSS

93y alllae 93

Sbabewl 1.>|‘)"3 ool amns (ol Sl soljaule oyl

Q‘f‘ ‘UL"; ‘J‘WK 9 LB)'J g-“’*éﬁ oSl ‘4.4.5)*.....\.) LS)SL'."é 9 ;,.JLMO W ;L...oi: 5O )r{Ma.?u 3 oli..‘;;.}‘..) -\
Saeidhasheminejad@yahoo.com, S.hasheminejad@kgut.ac.ir

o &l @395 asud 1o (HIF) WL (uilugel salas (o lobod g1y was wabed miy 981 S dllio (! 5o ToduSy
Ol JUSom 31 il 8 9 (oloj 0392 99y ) 51 9 deld el calad (T (29,5 35 i $B gy 2 3 g -
Gilw oS @l e ol 00l BS1S Jood (29,5 3l 2 S Gygo & OleMb! ol .l ouls El Sl @ jgi A
(VC) "l yuai' o 06 (EHE) "z93 (Sign ;o 555! (THD) 'S (Suigoylo glrgel (sl Jlezr S Jrod (29,5 Sledlb!
S 50 JUKoww 3 g aiold SLedbl (o g il 3 o108 y2 ailowsis 15! S J1ous o29,5 5o Soxio j (PD) 31 &l puis
omilagel gllas U iy oo oolistwl (651 pitw (68959 Olgie 4 o0 BASLY upw Wiiwd uilS 13 9 (yloj oo je>
el 9ilo yghnsil i (pogd iy Ll 9 (3B (FiealS b (GiualS (Jloy bulpd Jro pael 4t blpd 550 51V
s 31 00wl 0,00 3 (1 (6 S oo (5132 (6999 by JUSmw 3 S S &y ladld (g0lecdlny i y9RIl 390 001
03listwl b (53 lwdnd gulis .o walgs plouil (w yd 4 Vb (uiligel slad ansldd 3o S JUSw 53 2295 9929 b (> o631

B3 o (3L 1y goliuiion pit 355 g5 bous 5 ,Shas PSCAD 15810 5 b oo (g jLwdacid (gl JUSws 3!

3B (685 S Jood (2595 aSd YU uilagel slbs 1 guulS gl o519

VE¥IBIA ¢ Wlio Jlol g b

VTN IYe : alin by o)
.>|J.a ;N»L(b durs J?"’“"“ (S0 g5 r:L?

)'".WLTB B (e oaSlisls ‘M)uw 6)3bé 9 (o GL.QSQ EMoams olBsls &La Cbn )|5l.3 ‘_gLQ,';S‘ ‘Ql.a; J}i..wo (O g LSJLA.MJ

L. High impedance fault

2, Total harmonic distortion
3. Even harmonic energy
4. Variation coefficient
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High impedance fault
Total harmonic distortion
Even harmonic energy
Variation coefficient
Short time Fourier transform
Wavelet transform

Smart meter

S transform

. Teager energy operator
10. Support vector machine
11. Mathematical morphology
12. Phase difference
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