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Abstract

Breast cancer is the second most common cancer after lung cancer and the
fifth leading cause of death in women. In less developed countries, breast
cancer is the most important cause of death. In this disease, the cells of the
breast tissue change and divide into multiple cells and cause a lump. If breast
cancer is in the early stages, treatment is possible. There are many
treatment methods such as surgery to remove the defective area, drug
therapy, radiation therapy, chemotherapy, hormone therapy, and
immunotherapy. These treatments have the potential to save lives when
administered in the early stages. From the above explanations, it can be
seen that early detection of breast cancer is very important and in this
research, an attempt has been made to identify suspected cancer data with
the quadratic support vector machine method and based on the features
extracted from valid and numerous MRI images. Let's classify so that the
process of diagnosing the disease in the early stages is easier and faster. The
results showed that 356 out of 357 malignant data and 202 out of 211
benign data were correctly classified. The classification accuracy of
malignant data was 99.7% and the classification accuracy of benign data was
97.5%, and finally the overall classification accuracy was 98.2%, which
indicates the optimal performance of this method in breast cancer data

classification.

Keywords: Breast Cancer, Wisconsin Data, Support Vector Machine,
Quadratic Kernel.

Highlights

e Developing a method to diagnose breast cancer with the aim of diagnosing the disease in the early stages.
e Applying support vector machine with quadratic kernel with the aim of reducing classification time.

e  Using the graphic feature selection method (SU-CFAM) with good speed and performance.

e Achieving 98.2% accuracy without using SU-CFAM, and 99.1% using it.

Citation: S. Bakhshandeh, S. Monire Atyabi, and S. Saberi, “Classification of Breast Cancer Masses using Non-Linear
Quadratic Support Vector Machine and Comparison with Self-Organizing Neural Network,” Journal of Southern
Communication Engineering, vol. 14, no. 53, pp. 1-14, 2024, doi:10.30495/jce.2023.1993480.1227, [in Persian].
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1 Magnetic Resonance Imaging (MRI)
2 Support Vector Machine (SVM)

% Quadratic Kernel

4 Convolutional Neural Network
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1 Decision Tree - Support Vector Machine

2 Breast Cancer Wisconsin (Diagnostic)

% Instance-Based Learning

4 Sequential Minimal Optimization

® Dimensionality reduction

® Feature extraction

" Feature selection

8 Symmetric Uncertainty Class-Feature Association Map (SU-CFAM)
® Symmetric Uncertainty
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Figure 2. ROC curve of the proposed method with three kernels (Quadratic, RBF and Tanh) with using SU-CFAM
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Abstract

Transmission Expansion planning (TEP) recommends the most beneficial
investment to construct/ reinforce the power system. In this short or middle
time planning the annual load growth of the power system must be met
considering the stability, security and reliability of the network. In the
competitive market the planners can include market behavior in the TEP to
manage the congestion. Before traditional TEP, the local marginal pricing
(LMP) is calculated offline without considering the dependency of the LMP
to the network topology. But, the LMP is not constant during the TEP and
must be included in the model dynamically. Here, the dynamic dependency
of LMP to the transmission system topology is modelled as a single stage
mixed-integer linear programming and solved by YALMIP and MOSEK
software. The proposed model is more realistic; however, it takes more
computation time. The single stage means the simultaneous calculation of
LMPs and expansion planning in the model. The model has been applied to
Garver 6-bus and the IEEE 24-bus network. The effect of interest rate, the
load to generation capacity factor and load growth on the TEP model are
analysed. The model considers the contingency of line outages and presents
a robust solution to guarantee the system security. It offers flexible solutions
with higher cost.

Keywords: Transmission Expansion Planning, Competitive Market, Local

Marginal Pricing, Line Congestion.

Highlights
Presenting a new MILP model of Transmission Expansion Planning in the competitive market

Presenting a dynamic Local Marginal Pricing (LMP)-based Planning without computing the LMP separately
Integration of two optimization solver called MOSEK and YALMIP to accelerate the computation accurately
Implementing the model in Garver 6bus and IEEE 24bus networks

Considering the contingency and present a robust model

Citation: M. Najafi, H. Gorjipour, and N. Moaddabi Pirkolachi “A Single Stage Dynamic Transmission Expansion
Planning Model in the Competitive Market,” Journal of Southern Communication Engineering, vol. 14, no. 53, pp. 15—
28, 2024, doi: 10.30495/jce.2022.1961298.1163, [in Persian].
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Figure.1: The flowchart of the program

D] 598 ol 7 4ty wlasin ) Jouor
Table 1: Garver 6 bus system data [19]

el @lg&s 4 (Yo gl ool L

aze Sy Gras b pl cemsy Ol a Gl gl
\Nd o A \ \ AR S R
S S YY. Y \ A f oy oy
Y. \£O f- Y \ \ 6 VY ¥
e e VP ¥ \ \ Yoy of
oo oo YY. o \ V.o YooY 0
Y. NN oo 4 oo Ve e FY 7

\ Voo AT
o A ve. ro> b0 Vero 2 F A

S ol @ dudio JULSl anwgi (5325400 32 Joro Jolni-)-F

b ol 8,5 13 andllas 3,50 925l VY celig dy aie JUES! gy (63,40l 5 Joe ol 51 65 e 5,0 jslaie 4
30055 gy ¥ o b JUisil s (532,206 Jao gl 50 el 335 5 ¢ 4 g 0b ) e o0 £ 3l
g Ll L LY slags i avslie (piomen 00,5 oo ateiv oy 5 517 U Glogy L LY L) lagy liw anslis
dgt S50l 53 lagy s nl szl @ Lgiye gl s oo (i aSd SO0 Ll el |y el AT LY
ol 0o 00ls ol 0 9 F Jgaz 50 delian 4 aude Jla!



PN 1o (2090 (i y ()5 S A imme gl Al 0 ST Ly (55, aslip Joe

Y] IEEE Lol V¥ aSss claseie ¥ Jsor

Table 2: IEEE 24bus system data [21]

el wlgie o y¥o gl b b
e Sy Grae b el cemdy ol 4 51 b
Ya/AY \ay VoA \ \ Vo Y \ \
Ya/AY \ay ay Y \ Vo Y \ Y
Je Je VA ¥ \ 137 S N
Jes Jes vE i | Wwe o of Y ¥
Jes Jes YA ) | Wo ooof Y )
Je Je \rE 5 \ N2 S
\anied Yoo YO N \ f.- Yf v \4
Je Je WA A | Wwo o4 f A
Jao Je WO q \ Wo o Y- 64
Je Je Va0 Ve \ Wo N sy
Je Je Je N \ Wo o A Y
Je Je Je VY \ Wo o4 A Y
TAIOA ) Y70 'Y \ VYo K A Y
e Vaf VF \ oo N A
VYY/IYA AN Y 0 \ f-.- \Y ! 1O
N2l z
ARIARA AINA Voo \l4 \ f.- Wy Y
Sio Sio Sho VY ) foo Y Ve WY
fIfY ¥ Yy YA \ O WOy A
Sho Sho VA V4 \ Bee VF Y4
Je Je VYA Y. \ Be+ Y Y Y.
£/5Y f.o. e Y 3 Bee YT Y T
Je Yoo Je Yy ) B+ YT Y vy
VYIYA Ty Je Yy ) YRR TR B £ 7
YV/A® Yo
Je Je Je Y¥ \ Oee VP VD YF
AR YOA- 2o \ Ve AR B TARE ¢\
\ AR Yf oo ys
\ O \WWooNs Yy
\ O Y4 Y2 YA
\ O YA YWY ¥a
\ AR Yy Wy
\ Voo " A
\ \e AETEEA R U o §
\ e Yov-e vy
\ AR YY YV Y¥

Y



Yy VO-YANT Y 530 e g oloxiy o,leds o0 )z Sl /gim &l pbre  cwdige aloxs

asJlas 3,90 LsL‘b%)Ll.u Y Jj.\?
Table 3: case studies
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Table 4: the new constructed lines in Garver 6bus system
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Table 5: comparison of several case studies in Garver 6 bus
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Table 6: the new lines (with number) in each scenarios in IEEE 24bus system
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Table VII: comparison of scenarios in IEEE 24 bus system
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Figure2: local marginal pricing status in each bus in Garver 6 bus system before expansion
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Figure3: local marginal pricing status in each bus in IEEE24 bus system before expansion
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Table 8: the new constructed line (with number) in Garver 6 bus system in the competitive market
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Table 9:scenario comparision in Garver 6bus system in the competitive market
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Table 10: the new constructed line in IEEE 24bus system in the competitive market
JLw Jlw Jw  Jl Jol JLe 92,bw

] el Py £9d

- - - - YF= (DAY dODOV=A (ODF=Y - «(DF- (OOHY-YF (O)Y-2 (OOV-F o(MHV-Y \
MOHYV-YY ONFAONF-Y ONO-YE ()P
- — — — V- ONO-YF c(DVE-V2 (DAY - ((VHY-A ODHF-TF (HF-2 ()V-Y A
(Y
NP ONO-YF (DHVY-VY YO- «OONVE-VZ c(OIY-YY (A=Y - o((V)V=A (FHV-YF «(F)F-Q «(T)V-Y Y
NVPY (V)YY
- — — — VO= (N F-AZ cDVY-YY (DAY cODY-A (DHY-YF (VHY-2 ()N ¥
ONFAY (OO)YF
) #-\- Vo= COONVO-YF cOVY-YY (DAY - ((VDV=A OHY-YF (OH)F-2 ()Y I
MVY
- — — — VO= (N F=AZ dDVY-YY (DAY cOHV-A (DHY-YF (VHY-2 ()= 14

ONFAY (OO)YF




\id VO-YANT Y 550 e g oloxiy o,leds o0 )z Sl /gim &l pbre  cwdige aloxs

# gl b zols cpl.casl oads ools Hlas VY g Ve Joa j0 b VE asll oo ail> (6 08 e d (6,5 15 jo ol
g oo il dangd 31 B aSd sl b Jowe ails slacend Lo MB!I Dglas pl oyl gl gogu LY
Ay plodl aslipy o oo cilxS Jlal ae gy o3 dnlip Jus jo Jowe e dle o la8-cwd Gl ulze a8 Jl;
u‘jlia \ u...AL a4 3D L J..S‘SA p...’aﬂ ‘) Lﬁbolfjj.u )lscda.n.aé)}bj J..SLSA ksl?u: Ml} 6)‘J§w.d d‘)ml 6)1....44.»...45
2 S el ool a3 )T L5 o el Yo VWIVAAY aSCls IS aloosl a0 0sd ol [S50S6 b el (oo ail>
el OlglKe V ool ase Sole g celn o Vo VE AN bl (oo ails (6,108 Casd 6,138 b mshaus

ol HIAF S e aiils (g a8 B ools 55 (6 )l8 L e el a8l o158l Gley Jsb o b o sl 65!

=B, SlL o IEEE b Y oSl 4 bogy o guls VY Jgoo
Table 11: IEEE 24bus results in the competitive market

obej <103t Ogeleo) JS a3 (arlee) Solopo e A3 (aelo) IS Ao pw a3e gl
(aslh) (wlyKo) (Yo (Yo (Yo

Y\-¥ o YO/ - FYF/A4 SJAYY !
Y044 o FEVINY FEVIY RRLYS Y
\Aral s £0519A 052N oY s
Y500 Sho AYAIT'S AYAIYY AV f
YVvF Sho AV - AVAJ+ R NN b
ey o A-FIV- A-FIFAE AV 5

& S A= 0

Ao dngd (S yaely alies )5 (ovs (glap il ()l Cuard @y bgy e Dlwlons (3503 3)lg Sz (5, dlie (5o
o9y o2l ilwesly 4 bgs e gl el aBle Byb s |y cad cpl alflas Slawlbr 4y jLs a5 ol oalds slpainy Jla!
@l el oud dunlie i G 5k bgrye @l b (28, G 55k 5o TEEE (el VY astit g 558 ol # 4ty g0 0
sge g WIS 1B (6 Faaad (Sailp Cudgaze ;0 oS Sl (bsht 4 6t hled (U6 L 0 oS aes e LS
A e ik o Lol 0pdy &yso b aS s bslas L 4 Cod (VL sloanie Llag 5l Glgs ' cudsn ) (S
355 gl bl 4y as b b aSnl R il Jlodd & a5 dnsgi Cqz sl sanS Wl Sl o5 o>
b ol 425,518 ke el B i gs SIS 5 o sy ol 51 ol St eyl ¢ 5T lalllan jglatads il o)

Sy e sl oo i, 395,5 B alis 3 el s 5 5 4 e

&=y

[1]  E. Naderi, M. Pourakbari-Kasmaei and M. Lehtonen, "Transmission expansion planning integrated with
wind farms: A review, comparative study, and a novel profound search approach,” International Journal
of Electrical Power & Energy Systems, vol. 115, p. 105460, 2020, doi: 10.1016/j.ijepes.2019.105460.

[2] M. Esmaili, M. Ghamsari-Yazdel, N. Amjady, C. Y. Chung and A. J. Conejo, "Transmission Expansion
Planning Including TCSCs and SFCLs: A MINLP Approach," in IEEE Transactions on Power Systems,
vol. 35, no. 6, pp. 4396-4407, Nov. 2020, doi: 10.1109/TPWRS.2020.2987982.

[3] S. L. Gbadamosi and N. I. Nwulu, "Reliability assessment of composite generation and transmission
expansion planning incorporating renewable energy sources,” Journal of Renewable and Sustainable
Energy, vol. 12, no. 2, p. 026301, 2020, doi: 10.1063/1.5119244.

! Per-Unit



PN 1o (2090 (i y ()5 S A imme gl Al 0 ST Ly (55, aslip Joe vy

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

A. S. Zakeri, O. A. Gashteroodkhani, I. Niazazari and H. Askarian-Abyaneh, "The effect of different non-
linear demand response models considering incentive and penalty on transmission expansion planning,"
European Journal of Electrical Engineering and Computer Science, vol. 3, no. 1, 2019, pp. 1-17, doi:
10.24018/ejece.2019.3.1.57.

M. Mehrtash and A. Kargarian, "Risk-based dynamic generation and transmission expansion planning with
propagating effects of contingencies," International Journal of Electrical Power & Energy Systems, vol.
118, p. 105762, 2020, doi: 10.1016/j.ijepes.2019.105762.

M. Parham and S. Mortazavi, "Optimization of random scheduling combining wind farm and storage
pumps in the electricity market," Journal of Southern Communication Engineering, vol. 9, no. 34, 2020.

M. Khadem and M. Najafi, "Demand Planning and Transmission Network Development in the Capacity
Market Using Microgrids," Journal of Southern Communication Engineering, vol. 11, no. 41, pp. 43-58,
2021.

V. K. Yadayv, K. Singh, and S. Gupta, "Market-oriented transmission expansion planning using non-linear
programming and multi-criteria data envelopment analysis," Sustainable Energy, Grids and Networks, vol.
19, p. 100234, 2019, doi: 10.1016/j.segan.2019.100234.

D. S. Stock, Y. Harms, D. Mende, and L. Hofmann, "Robust nonlinear mathematical transmission
expansion planning based on German electricity market simulation,” Electric Power Systems Research,
vol. 189, p. 106685, 2020, doi: 10.1016/j.epsr.2020.106685.

R. Hejeejo and J. Qiu, "Probabilistic transmission expansion planning considering distributed generation
and demand response programs,” IET Renewable Power Generation, vol. 11, no. 5, pp. 650-658, 2017,
doi: 10.1049/iet-rpg.2016.0725.

L. Baringo and A. Baringo, "A stochastic adaptive robust optimization approach for the generation and
transmission expansion planning,” IEEE Transactions on Power Systems, vol. 33, no. 1, pp. 792-802, 2017
, doi: 10.1109/TPWRS.2017.2713486.

M. Khakpoor, M. Jafari-Nokandi and A. A. Abdoos, "Dynamic generation and transmission expansion
planning in the power market-based on a multiobjective framework," International Transactions on
Electrical Energy Systems, vol. 27, no. 9, p. €2353, 2017, doi: 10.1002/etep.2353.

M. Khadem and M. Esmaeilbeig, "Optimize the Number, Locating, and Sizing of D-STATCOM and DGs
Using GA Algorithm," Journal of Southern Communication Engineering, vol. 11, no. 41, pp. 29-42, 2021.

R. Hemmati, R. A. Hooshmand and A. Khodabakhshian, "Comprehensive review of generation and
transmission expansion planning,” IET Generation, Transmission & Distribution, vol. 7, no. 9, pp. 955-
964, 2013, doi: 10.1049/iet-gtd.2013.0031.

I. C. Gonzalez-Romero, S. Wogrin and T. Gémez, "Review on generation and transmission expansion co-
planning models under a market environment," IET Generation, Transmission & Distribution, vol. 14, no.
6, pp. 931-944, 2020, doi: 10.1049/iet-gtd.2019.0123.

S. M. Mousavi and T. Barforoushi, "Strategic wind power investment in competitive electricity markets
considering the possibility of participation in intraday market," IET Generation, Transmission &
Distribution, vol. 14, no. 14, pp. 2676-2686, 2020, doi: 10.1049/iet-gtd.2019.1237.

M. Karimi, A. Pirayesh and M. Kheradmandi, "Participation of generating companies in transmission
investment in electricity markets," IET Generation, Transmission & Distribution, vol. 12, no. 3, pp. 624-
632, 2018, doi: 10.1049/iet-gtd.2017.0413.

S. Majumder, R. Shereef and S. A. Khaparde, "Two-stage algorithm for efficient transmission expansion
planning with renewable energy resources,” IET Renewable Power Generation, vol. 11, no. 3, pp. 320-
329, 2017, doi.org/10.1049/iet-rpg.2016.0085.



YA

[19]

[20]

[21]

VO-YANT Y 530 e g oloxiy o,leds o0 )z Sl /gim &l pbre  cwdige aloxs

L. L. Garver, "Transmission Network Estimation Using Linear Programming,"” in IEEE Transactions on
Power Apparatus and Systems, vol. PAS-89, no. 7, pp. 1688-1697, Sept. 1970, doi:
10.1109/TPAS.1970.292825.

A. De Paola, D. Papadaskalopoulos, D. Angeli and G. Strbac, "Investigating the social efficiency of
merchant transmission planning through a non-cooperative game-theoretic framework,"” IEEE
Transactions on Power Systems, vol. 33, no. 5, pp. 4831-4841, 2018, doi: 10.1109/TPWRS.2018.2817360.

R.-C. Leou, "A multi-year transmission planning under a deregulated market," International Journal of
Electrical Power & Energy Systems, vol. 33, no. 3, pp. 708-714, 2011, doi: 10.1016/j.ijepes.2010.11.020.

COPYRIGHTS
©2024 by the authors. Published by the Islamic Azad University Bushehr Branch. This article is an open-

access article distributed under the terms and conditions of the Creative Commons Attribution 4.0
International (CC BY 4.0) https://creativecommons.org/licenses/by/4.0



https://creativecommons.org/licenses/by/4.0

JOURNAL OF SOUTHERN COMMUNICATION ENGINEERING E-ISSN: 2980-9231
ISLAMIC AZAD UNIVERSITY BUSHEHR BRANCH https://jce.bushehr.iau.ir

https://doi.org/10.30495/jce.2023.1991428.1213

Vol. 14/ No. 53/Autumn 2024

Research Article

A Complete Analysis for Detection and Localization of Partial

Discharges in XLPE Cables, Power Transformers and Generators

Amir Ghaedi, Associate Professort” {2 | Reza Sedaghati, Assistant Professorz {2 | Mehrdad Mahmoudian, Assistant
Professor3
) - } Abstract
Department of Electrical Engineering, Dariun
Branch, Islamic Azad University, Dariun, Iran, The failures of the power system are caused by insulation damages of HV
Amir.ghaedi@miau.ac.ir apparatus including transformers, HV cables and generators. They are

2Department of Electrical Engineering, Beyza expensive. In the beginning, insulation failures occure in limited regions of

Branch, Islamic Azad University, Beyza, Iran,

R e X insulation, which is called partial discharge (PD). When PDs are not detected
eza.sedaghati@iau.ac.ir

online, they will spread along the insulation and bridge the whole of the
3Department of Electrical and Electronic

Engineering, Apadana Institute of Higher insulation that eventually results in total breakdown. Thus, the HV apparatus
Education, Shiraz, Iran,

PO S fails. In this research, different sensors such as HFCT and coupling capacitor

required to detect the PD of different HV devices including power

Correspondence

Amir Ghaedi, Associate Professor of Electrical transformers, HV cables, switchgears, motors and generators are
Engineering, Dariun Branch, Islamic Azad . . X i i
University, Dariun, Iran, introduced. The properties of PD signals occurred in HV apparatus is

Amir.ghaedi@miau.ac.ir determined by experimental results related to PD signals detected from
these HV apparatus. Then, an approach uses the correlation between signals
energy is suggested to determine the location of PD occurred in the HV
devices. The suitabality of the proposed approach is satisfied by simulating
the PD signals in the EMTP-RV software and processing the detected signals
by MATLAB software. It is concluded from the experimental outcomes that
the suggested sensors can accurately detect the PD signals occurred in the
XLPE cables and transformers. The outcomes shown that the suggested

method based on the correlation between signals energy can accurately

Received: 15 July 2023 determine the location of PD source in HV devices.
Revised: 4 August 2023
Accepted: 14 August 2023 Keywords: Partial Discharge, Power Transformer, XLPE Cable, Correlation,

EMTP-RV Software.

Highlights

e Performing a complete study on various sensors used for partial discharge detecting in the power transformers,
high voltage cables and generators.

e  Localization of partial discharges occurred in the power transformers, high voltage cables and generators
through detecting of similarity and correlation of PD signals.

e Investigating the effectiveness of localization of PDs in the high voltage apparatus by simulation performed by
MATLAB and EMTP-RV software.

Citation: A. Ghaedi, R. Sedaghati, and M. Mahmoudian, “A Complete Analysis for Detection and Localization of Partial
Discharges in XLPE Cables, Power Transformers and Generators,” Journal of Southern Communication Engineering,
vol. 14, no. 53, pp. 29—52, 2024, d0i:10.30495/jce.2023.1991428.1213, [in Persian].



https://jce.bushehr.iau.ir/article_695262.html?lang=en
https://orcid.org/0000-0003-2761-2739
https://orcid.org/0000-0001-7865-5291
https://orcid.org/0000-0001-8132-1401
http://jce.iaubushehr.ac.ir
https://doi.org/10.30495/jce.2023.1991428.1213
https://sanad.iau.ir/en/Journal/jce/Article/870019
https://sanad.iau.ir/en/Journal/jce/Article/870019

Obdgame ol e Blas Lo =gl pual .y Sz b adsw b e g anseis gl JelS Judow g 4520 ya

XLPE sl bl yo S sbadsd ob (e g i gy JolS Judxi g 4y 3205
23551555 3 25335 (58, 95L0 gl

" Ob s goe 315 pe | slawo Lo, | '10% 5356 ol

ol 201521 0392513 ¢ coMusl 3131 BLRLEINS cyg0 15 W19 ¢330 89,5

Do, . . 7. ale P L. amir.ghaedi@iau.ac.ir
wline 319 g 698 JLad lo blS w08 sla,gile ghuil 5 alos 5l (598 | roln! dbdm oMl B3l olils i 21y 52 29,5
Reza.sedaghati@iau.ac.ir
ale o ol aie D508 i j0 Ol o 5 0L,S a5 Cl
- . 8 H i . 5 pasils”
sl aS aes o 7y Gile 5l gogumme lacond jo adsl Jolye jo i (G s 095 tgRe 3 2 >

T2l 631 e BISLT e 55000

(gl K AU cs}é 4 LQM L)"‘ )f] é?‘“"b’" s (PD) L.';’)} m.mahmoudian@apadana.ac.ir
Coles o g ools ibg ) Ble JS g ol oo (b Bole slal o Jgammo B Xin g3

L. w an o wd. . - .. ) 3131 DG ¢y9 515 U1y 5y 89,5 ¢ ) laniild ¢ GWB ypol”
Qi‘ PR L PN )L.,...S u‘ﬁe‘.?u Lé_c:.:s.l.c‘ Wl 9 J.aLf :\.Alm L e

3 5 YU elS 3 ol ym sl i 5wl ilises sl S callis
oz 5l calizee (558 JLid Sl ;0 PD jaseis gl a5 SilysS

amir.ghaedi@iau.ac.ir .yl ¢y92 415 ¢ oMo

5 5590 «l)ad laalS (558 JLis sla LS «j08 slagilegil
PD o S la Sy wgd oo (Byxe it 5l 3 90 b5l 35
4 by S s 3 oolaiwl b (698 ,lad Slgz (o ouds sl
s 698 lad Sl cpl 5l ool eols jasis PD o JUXiw
lr LU (6553l (N 5 (e gy S g 03050
idu il 09l o dlpiinn (598 HLid Dl (o 00le F,PD e (s
s EMTP-RV |l33ls 5 o PD (sl JuSKws (g3lwdcds b golpiinn bs,
MATLAB 15816 5 3l oolaswl b oas ools auseis gl JUSKw (5ls
bty slo S a5 358 o bliiul o0 s 5l 0sd oo ol
Iy ,sile g2l i g XLPE (slo LIS o ools #, PD cds 4y ailyy oo
5 PD g5y e o & Wi bl 5551 o (Kian

S e |y (98 ,Lid Dl

V€Y o5 Y8 bl o &,b
¢ Swsod XLPE LIS o508 [ g5le g0l 5 o S5 adse e flg ools VEY alaye VY 10,5050 2,6

VESY 150 VY 10y )b
EMTP-RV l5éls 3 M TV i pd &)

https://doi.org/10.30495/jce.2023.1991428.1213

doddo—)
s 5l e (S SS9 oo B ot Plas L pglae Sleas aSljl a4y porie a5 O 508 i licedsl S LB o jg 5l
695 HLid Ol le ol 5l (2 @508 i ;0 oo Cud sla ol B i aS Cewl sols LES 4 ,m5 sl 508
ol o] lin 3,150 5 5,08 laudS a3l 55 g b ygige ssd Lid XLPE (cla LIS oo ,ud olo, sils ysinil 5 alax ;|

Jaez 508 s 0 1 50L 5 sloais ;o Wlgs o lagyT ol 3 cplpl g aiien 5y 4 glaolliiws o 51,5 Olyapas


https://orcid.org/0000-0003-2761-2739
https://orcid.org/0000-0001-7865-5291
https://orcid.org/0000-0001-8132-1401
https://doi.org/10.30495/jce.2023.1991428.1213
https://sanad.iau.ir/Journal/jce/Article/870019

Y. YA-OY/NVF Y 350 a9 ol o,leds /000 )4 Sl /g Ol iles  cwdige alors

5 o5l g3 lied Sligas sle 5l (S oS edgame ,o 45 aitus oYU LS8 sl UK (PD) Sio slaadss oS
Gele olaal jo (igis eols asis adgl Jole Jo PD sl L ol ST .aes oo &) 4l ol jo sile plSouul ials
Sl JiSomw Sondy Gl onlpli 09d oo Bile Jolf CunSlh 4 omie o5 Wimd (o0 by |y Bale S 9wl oo GBS
Coodl 4 a5 b Cnl ppe Dl cpl (iile ol 3 (68 o> (sl D08 i (698 jLid Dl yo oole &, PD
[Lid Sl 55 00ls g, YU GuilS 13 sla JuSw cpl oy 8l (63b5 Do o ja8 pitamns Ol gz ;0 PD anseis
S V] o el ons ploul bsygil35 o s ygige «yad sloaddS” XLPE sla blS w2 yud sls,gilejginl s alox 5l (558
Ol S5 b b S5g ]3] alox 51 catile (6 50l sla s5elguiio 5 ookl LPD alises ol b oSKe (sl bs,
4 xS i So 0 03l 5, PD aud sl 6)9 sl K el o enl ou slgriy LT gonaib 5 5L,
o Y] s loass 43,8 IS ay el @03 slaaldS 3 ls 4o cwais Sl 5luaccd 6l slalginl @lo S Jolis
o0 oloiioy Fyo glyel il p lottuwn 5 lagmyems 3b (28,5 55 50 b (658 Lad (sla g5l jghundl 5 (sl (Sa3ad Jon
Slpsien Hley Job ;o PD jLacl o gl sl (g, SO cllan ol jo .l PD Jore (gl 0500 G 0,5 jo ( Jow ol jo o]
30 S oo 00laiwl PD e CxBan (somins 5 )Lal loy aulowe sl Ol )3 ploojl (g5lwangs by, 5l a5 el ouls
5 som 93 gaome olall Slasloue 5l llie (pl )0 095 co s Vopil (6595 5l eolitul LPD o g g9, 5ty Y]
33 el oo oolitl by aue Jore 9 PD (sla JUSows £9,5 5 pmend sl ISl 5 6,1 5 Seilbiwly 2SI SYolas
gy A e cpl 4o enl 48,5 13wy p 3550 T O go 4y o LS slel ;o PD b oS slagssglgaie [¥]
o ol s cal ous slpeiy L S skl ;5 PD g obolSe sl Sloy zlrael (65l 58T by, 5 (siiee calises
EPD g5 5y clin ol jo ol onds slpiing W lapianw 15 00ls &, PD la JUiKw Laseis lp oe (oo,
b @g iludnd lp pSTte paie Joe SG g ead (aiie Sglite glalaze ;0 alide (595 lablS ) ool
0315 3, PD (sla JlSiw obySe (sl B 2STas 5550 iS5y sitine dyo o930 G B o ol ouds slpriy
s S 5 S0l g a5 by Sla I ol allie cal o sl onds Slprtig Vb 2B b 289 Bale e 50
< vl 39 095 0 00 (padt 00 5nS oIS LS (hgy sl eoliwl LPD s Cosdge g ol bl PD oL
Sl 5 by sile ol 5 o208 slaadS alex 5l (558 )Liad Sl Gale y5 0310 2, PD (3T (ialy (sl wadr b,
6l ol OUTPD la S oai (5l a5 jls oo o STl slo e callie 1l 55 ool 0as slgsciny Sl
3959 lagyles o BT 05 (sl waz by, o Al o ol sai Bime (go8 jLid 4t Cumdy JolS il
ol 00 Slgaiinn &,08 eilejsaudl 5 slro,lg0 (g5, 2 oud cual Sgo o K lawgi oald ooly aseis sla JUKw
Sl Lbole sl (Spe Sus paiz Lawgi ool ools (asis Gl UK (i) (Sloj SWST jleallia cnl 5
Lol 5 A 1y Dgpms s 695 b Ke L] 5o il oud olinal il jgindl i G35 o 00ls &, PD
55 508 slaygile sl 0 PD obSe 3z ()l 5 el oo slgiing 503 slagile gl 5 0 PD (slo L
SOl & e a5 g3 a6 b gt S slaal)] Sl UK gl b (ansets g o GBosb 5l ()
b Gllae PD Lanieis (b9, g5 5oz PD sladiew bz oo JSb ool 2 Vo] 50 10,5 o plonil 0 oo 3285
ool by s b 38 8 4 seme alel 55 o cllie (nl o el 0ad (pme Gres SOl S
98 S5 5 by sl sl JuSew s PD ol slagge JS5 anseis sl IEC-60270 oo #Mol o lustiu

el oo a3l Lo e gl o YL
S oo anlllas | Bl ol ey pe Gale 50 o0liinl 890 (cnSal o3y 5o 00ls &, PD 5 cnbline oloe 3G [V V] alli
DIY] o 09800 (obj)) 595 (ommbline (lane yo 00ls £, PD sla S35 5 (oS53 03y (SoSI Culie (i ol 5o
Ot Slp |y edz 9,50g) (Beon (nl gd o pll (697 Sladwaia ;o 03l &5 PD la JiSew B8 bl
V] allie auS o sleciin o0 0,2 calin Lo g iSUl 5l dsgomme 5 o oo Wl ()L > 5l a5 S e (slo b Corndye

! Paschen's law



Ologese ols o SBlas Lo - g8 1l [ jo Sim slo adss ob )6 g asis glp JolS Judow g 50 R

(e ol S (oo aalllas |y onl J (slaelid 5 e8ls 5 Sz sS 4k (glaalols (g5l PD > (sl el (5ol
Vors B0 udlS B ogums b SsglS ¥ AC Sy 5y Sy 2 |y 4l el 10 PD (b ol slose JS5
&le 039 o 00la £, PD asits (gl |y S gisld b e (Lol by, DV F] dlis S o (52503l 355
bl sl o535l (6,8 ped K S 5l ealliie ol o S oo anllae YU sles sULs, 355 &b slaolKius s
ools 7, PD sla LK sla Sy » (Sgo b 5ty b [10] jo ool onss oslitnl LN2 jo osls &, PD (sla JuSw
2 el 428,515 adllas 3,90 YU slos DC sla LS ;5 oolizia] 5,50 hoysn-mle 53g s o aneeY KIS Gle o
S5 69y p e 5,0 YO B0 slapuils 8 Jold a5 (Sigejla slaaidlie callin (ol (goleiiing (omlid by, ol
sl (s hal Julo g 4525 VF] o ist oo JLocl PD (55, » Seigale JI5 5 4iel il gua 2 51 DC
6,5 PD S S 3285 (ol 09d o0 Jlesl 5,500 (B (6588 S S L 38 698 JLad ol 0 (S5 adss
Jate 5318 (555 b olSg] yo 3350 il Ky L VL 558 oilS K S 0 85 5 oo ol |y b (358 o
(Gios ] 5o ams o 4311 la S sl ;0 PD sumite golie (g3lalas (sl 1y (uils o) loj (slavasis [VV] alie .04 oo
Spais JSi5 sl (Fis sl 7 5 35500 ol 00 piboiin S Sgo it b PD ol 1 zse S5
1 odigd 1S5 diclo sla b cov sad oy ool 9 PD (o iiSwedp VAL jo 05 o slpsin (uilS 5 \l;
sle Lo allias sl Alis ol 53 (Soliiing S 95 on anlllas oz (6L Jote o oy 31 o5l g 5
oy Jloel 56 53t DAL i ol celio 508 sloygile il 3 45 e (5,570 9 sl gla)lSalols b Ly
(3225 () 30008 oo dalllas SFB 15 o wSel mhaw j0 00ls #,AC zge IS LPD sla JiXew (59, » |, Sioxdgu
ek JUS18 T S b [V ] alie ool sass il S BB 5B L oS 5 5 ades sl ciulos] (595 G
o5l ans e ) 65 ke &y08 slanlS s ools &, PD sla LK aeiets sl | iy Cllassl YU Ly ulS
o b GISE Y (glopls GBI Sy b oo (6 05 ,L iy cbllanil LS s Litacsn dy oole (55, (solpiiny JLST3
ot >k 5T e S5et 5 ek Wl GBS (8l Sl 35 53 elts GISE S 5 oSl o e ko
sopdle sl (65970 PD (2bplSe 5 panseis slaghy; 9590 50 Jolf anlllae S5 a3 S 090 Slodl 950 el oo
5 & ,05 slagilejginil s XLPE slo hlS alax 5l calises (598 ;128 Slpgas 4o 00ls &, PD sla Jliew oboKe o)
59 0dd gy SYlie A ) Jgax Cewl oais pladil L8 Cladod jo b JuKw (65,50 e (Kad B,k 5l oy gl 535
o e il o] Lol colre g blye ol yan a4y 1) s ol

Ol ;0 PD b8 5 (anseis 950 50 ol Julod 5 4555 3eios cnl )0 PD 2L 5 (anieis ol Judo
G LS oLt (558 128 liagas ,0PD b5 a5 Cenl il i (sl Lol (6 ysTs8 el onds plonil (5,0 4t (555 L2
il ] (sl 098 o0 pliIPD (sla JUSws (65 5 (Kot s G251 51 L9515 9 503 (sloyg5le 9l 5 XLPE
g o0 pll MATLAB 4 EMTP-RV (sla, 33l 5 5l ooliial b 593 ,Lid &ligass 10 PD (5l cgoloiin 9,505,
PD sVl lS 3 slaadlye Julo &y 595 42,5 J155 10 (555 JLid i il 31 380 Jobe i il (gl il 5
il g 0315 cunglie 31 JSC8e 0 358 Sk oSy el <o B0 ale 03,25 S (g58 b Sliaga 53 0ol &
g el p g0 4 dlie caslejle iinlply ed 00 Jlosl Bile & gy e

S 5l slin SizlysS i 5 Y IS ol ysile sl 5 il hlia (sla K 5 PD sassy cpgs i 53
D)8 slaadS (558 )Lad Gla LIS o038 slaysile gt 5 ala 5l alisee (658 )LaS Dligans o 0ols 2 b JUiSew
980 all (598 HLad Dl jo 00l £, PD sla JUSw sla Shs o it 5o Nigdioo (e 1y51555 5 1o y5ige
5O el 00 o (698 5Lid Dlsgad ol 5l ead cols jaskid PD sla JLew a5 bgype oy gl 5l eolaiul by oS
s Sl j3 00ls 2, PD Jome (005 (adie sl Ui 655 Gm (Koo 2 (e (B9 S e A
s EMTP-RV l8ls 5 ;o PD slaJlSow gilodnd b oleiiin (b3, 003 womlio (250 (0l 50 09800 Sleiing 593
Sl ey Gise o dllie aodls 0sh oo aull MATLAB l58le 5 5l eolaiwl b oads sols (aseis slo JLSew o3lo

ety



Yy YA-OY/NVF Y 350 a9 ol o,leds /000 )4 Sl /g Ol iles  cwdige alors

Table 1. The summary of the literature review

bz el stz &l»
5Lyl e B ale ;05 (558 ,Li8 Dliga oPD pLplSe ile 5 xT0k LSS Lawg ©)08 slawllS 5 PD oLplSe ]
el oas il 531535 58 o0 plos
ol 00 pll PD ol Se 5 pansedd  drwgi PDLesl pond sl 53l sindl 5 gl (Sopd Joe S5 [¥]
el a8l
990 PD bple 0 bgnye (oo Plus 9 cilidie sla S 0ud 03litul PD gie Jome g £978 50y (omnts sl (#5L 5595 5| [v]
el 428 55 18 oy ol
sl ot bl (558 Li5 Sliga T Lol ey LelSail bsy et o] cls s la WS s PD Lo [¥]
sl 435,515 aalllae 3,50
ol 00t plowl g58 )Lt Sligm 9 PD Sl el ond 8] (50 sl Bl o PD Larsets (sl las Uiy la]
ol o0t plol IS wile g58 )L23 Sligm 9 PD Sl il pies 0 PD bl (sl by ST 5,5l s, 5] 5]
sl o ol )
ol 00 ool (558 )8 Dl 0 PD (GlplSe  pll Jlgo (sl crble 5 gl jpinnil i a5 0lS 0 PD 3T Al vl
ol 0l
osd plosl BB wiile ;500 (658 lad Sliga o PD bl plxl 6)58 5 Ty Lo S Lawgs o y5ile 90l 5 10 PD oS [a-Al
o sl 00
el 00 plonil (668 )Lid Sliga o PD (oLplSe 5 panis 5 @le (9 el b lapld (oSl (3, 5o ool &, PD -]
ol 8,8 B el 5,50 S35 Ble 558 b oSl _[yq]
[1#-1¥]
H$Les 9l 5 (B wiile K05 (698 L8 Dl 9PD GblSe plnl (5950 sladain ;5 0313 £, PD sla JLSw 333 (ol [l
ol 0ais bl g51535 4 W PR
5 o5le,siili (LIS wile (558 JLad Dligas 0 PD bl leil o PD sasie mlie (gilulaz (gl uilS 8-l gloaiss [yl
ol 0ais pll g5l ,35 el 00l oolazwl b LIS
9 s5leysiily (LIS aile (98 JLad Sligas 0 PD gl IS5 disle lally cod sad adgi ool 5PD (e (S e (YAl
el oais plesil 6355 el 438,5 118 asllas 590 o, gile gl 5y 0nigds
5 s5le gl (BIS wiile 98 Jlad Sligas ;0 PD obplSe  PD ansss slp pdyillan! Vb jlows (uilS 3 ks o5l S [v.]

ol 0ais pll g5l ,35

ol 4285 118 dslllas 0,90 535 Gile &,y08 slaaldS o

&3 adsi-Y

5 b LS ) (el Gl b o Kz g &8 i (698 )Liad Ol (0 00ls &, PD odsay isn ol o
03ls musgi gl 55 g bygige XLPE sla b5 «oy08 slaads ()08 slojgilejsandl 5 alax 3l (598 [Lid Sl

S50

&3 A ongy-Y-Y

5 Ml oo L2alS Bl Culitul (g58 Hlid Sligas Gile jo Ol Glhd g lsa slacls dao,a> do Lall3b os>g Judo &
Jowe ) S 50 068 o PD pb 4y YU iS5 18 sla)l o olowl 4 jonie o callBb cpl 4y 00l Jlael (SG 2SIl lacse s
Gilwdaw b 5 Loyam ol g Vb 0 09290 Gile @ 55 L Ola b oo Jow cpl 1o .l oals ools Las PD labe

plol S o le slouinl icwl ool ool L € 5l b oojas o g el G 40 D990 Bile Al g 00l



Obogemme ols ypam (Blos Lo - il pal [ jo S5 slo adss ol Sk 9 (anseis gl JolS Sl g a5 vy

QA o 7y 0,8 ;0 PD s gile plSouinl 5l iy 0,80 4y ool Jleel SO xSl lase ol 51 conl gile slo oo
Iyl

Electrical fiel
[¥A] PD jlabc Jow:) Jsio

Figure 1. The abc model of the PD [21]
oads Jloe!l 5Ly 81 045 walgs (V) dolre 3ubs 0,85 (59, p o Jlasl 5lg il V() Gle (59, o oo Jlael 5Ldg 31
9 oAl ol.':}f JLA.’:"& 4.’49.3].4 u)l> Wb (WS e “‘5"&5” 0 o> as 63[3.]9 ,5‘») UT &5}.» )l:J5 )l ylion 042> (69, p
IV ] s o adgs (V) dolas 5. PD (slacyb >

__ G QD)
u(t) = C.+C, v(t)
. du(t)

t)=C,——= M
ipp(t) =C, it

(Ble b Shg dacle U oo 51 olae sl Sy 4 caliee (558 Lid Sljgas (o ools &, PD ol > slo S
5 iz sle s Wb PD (YL uilS )8 sl pdly puseis gl 0yl ‘;..m.v 0,0 (slod g 5Ly aials g uils,S
Ded s 931,35 ¢ 5350 «,38 slaaldS XLPE slo bl «5,08 sla,gile g0l 5 alas 5| (598 ,Lid &l ppos

37 Al aasdd gl calio b S Y-

5 lrond (o sl bs, wile (gsd ,Lad olSius 1o e3ls &, PD Lawiets sl snd Jloel Gilies slais, b
ol G sl g0 ) 4 PD ol > el s sl (S Sl sl by, b Comles Js 40 S S
SHIPE Sl sle S (Wl Sl oS alex I il bS5l Gl oo Vb WS Gl
PD YL 55 slaglyz w05 oolitnl Jlo Sl sl S 5 jlacgr SickysS sla K (G315 SehysS slo K
S akeld b cenlitie (S0 58U 2 Wl oo 00l agi (cunbline plue aiiS o sl 995 BlLbI o punblise o
Sl oslizial b 1) XLPE LIS PD (aseis (¥ S5 S Wl oS o ablol [, PD (gl s a5 by ssile il 3 1o 1,
P Sy plgre 4 Algion S 1) (SudsSs; gnpen ¥ JSE wms oo ol (HFCT) YU (858 (b2 j98le ginsil 5
a3 o Lt g e3liiul XLPE LIS PD (slo LS aseis (sl oWl KidysS

conductor

- Coaxial cable =H=w

R — . .‘HFCT,,-
computer -

Oscilloscope Shield wire

YV YU Gl 3 b, eile il 3 5 osliiul L PD Lanseas ¥ St
Figure 2. PD detection using high frequency current transformer [21]



Y¥ YA-OY/NVF Y 350 a9 ol o,leds /000 )4 Sl /g Ol iles  cwdige alors

Cable sheath

/N

Rogowski coil (\
>¢
c—

N\

(VY] 8555, oo ¥ JS
Figure 3. The Rogowski coil [22]

PD aiels Lmpseits gl Wl oo Caosliio K 5IPD iy ysee ds 4y oot g 5Ls (SlglE SlisS sla Ko 4o
b Sl Ol PD sl JUSws 1 oj08 (S8 bz 955 5 sl 09, S 4 g8 ,Lad Dl o ool 2
el 00t I PD ansess gl XLPE (clo LIS 5 oolicil 3,50 SlgllE S 50 oF IS5 10 0,8 oolizl Jy RC

Measurement High voltage cable
impedance
I Ty I J— - - 1”)
capacitor Sheath interruption 1
High voltage cable I
—_—
Transducer Measurement
impedance

(«) ()

[Yy] ool oo Jaio (gobo 4y Guilagel () (LS M jo a8 )3 )18 uilael (@ll) (SIS K oF S
Figure 4. The galvanic sensor, (a) impedance placed in the cable sheath, (b) impedance is connected to the conductor [22]
Sl o (sla K 5l ozl b aslys o PD slopdl einlplis g wub oo (2alS Loy 51 uilacel PD (YL uilS 3 s

PD sl bl Laseis sly oolainl 0)50 S35 SidysS o, Su> o 5 0 o JSi o aigd ools jaseis Jil>
ol 0als a1l Cod 5 4 5,08 sl gl 9l 5 g XLPE sla LS

Coupler Cutput

PD
pulse
bt
¥ 5
[/
Metallic screen Semicon  Coupler Polymeric Conductor
screen insulation

[¥Y] XLPE LIS ) oolinl 8,50 5515 KidsS K :0 S
Figure 5. The capacitive coupling sensor used in the XLPE cable [22]



Obdgame old o s8las Lo - (g Ll ..

Copper
PP

R S sl adss ob (s g pasis gl S Juldos g a5

Yo

Copper

High voltage

Ground wire

Oscilloscope

.

. Resistor

insulator

sensor

Ground Wire s

Oscilloscope

o -

Coaxial cable
ol

(&)

(@)

[YF-Y¥] Sl S 4y oo (0) HFCT 4 Sazee @) il il 5o o0liiol 250 (355 SichysS S # S5
Figure 6. The capacitive coupling sensor used in the transformers, (a) equipped to the HFCT, (b) equipped to the galvanic sensor [23-24]

Sy 6l ysile ysandl 5 g S5l Sl oS sle K 51 g3 oo cdamgin 5Ly & ya8 slaadS s osls #,PD aseis Iy

"

v 22PPAA L)

DAy

DAL
> FITRPD

Medium voltage
power circuit breaker

Sl 0l ools Hlas VIS jo aS jslailen )5 oolaiwl YU ulS,8

Cable shields

HFCT ?

Load cables or bus

?
Capacitive coupling
sensor

DAMsBey

[¥Y] & )08 slaadS o PD _asas ¥ JS&
Figure 7. Detection of PD in the switchgears [22]

odls Hlzd A USCs jo as jshilas 0,5 00laiwl PD avie b )56 sl BB Jate ;o S5 SidysS S 90 3l lei o0
GSLA)'PL“)'I oolaiwl LU WS oo )18 LS Jade OByl L slactel jo (Jewdlis G5l S 95 o gy ol jo .l ons
WS i 1y B e j0 008 #,PD o o K> 55,k 5l ool ools ax i3 PD gla LS

Sensor |

Sensor |

. Outer semi-
con layer

Sensor 1l |

Sensor |1

Sensor |

- Distance
e
ﬂ
—

— = <h R — -
vOld A oo e voId B
Sensorl  Sensor |
(&

(<)

[YY] ls Jlast Gl s (0) o bS] slazel ;5 @) homilyins 51 slo S A IS5

Figure 8. Differential capacitive sensors (a) along the cable joint, (b) around the cable joint [22]




Ys YA-OY/VF ¥ 58l fans g by o)la [ Loz Jlo fmgimr &l e susoiigee aloa

de s b 00,5 colatul Jlocga SilysS slo S 5l lei oo (588 ,Lid Slpas jo o0lo 7, PD Cyz (o 6l
P et SidysS Sus SO A JSKE )0 0l SWSPD ace oLl 5o Wilel o a5 098 o (peen PD Cy>
et S 0 a5 jghailen .l sl ools ylid gl oo oolaiwl (698 JLid LIS Jade jo oS J3 Kb S e S
D 4B slo K> 5l 5 gl> 40 5, PD sla b jais g baygl Bi> glp Jowdl e &0 4 C 5 A sla S 5l el

\JBMGA oolaiul u.{LC o9, PD LSLQJLS.HA M—‘ L.S‘)"

Directional coupler 1 Directional coupler 2

Forward = = Backward

C D
\ |
Conductor ————- — I
}*:-
Cable joint
(Y] ocgsr Sidyss Km0 JS

Figure 9. Directional coupling sensor [22]

5 St ebliie e 5530 o b 5 e S (slaple el i S 51 ol ol S5 5
g Jlo 515l el @y amio )b g o 5Ws SGcnlply il e Bymie | bagl 5 0iS e 3)lg ool > 55, 2
Caalied 45 g ol bl lige 5 oS Slyz eyl s Jols b conliio o alss 5lg (V- JS5) 39 oo
Yo S ol Gl 058 o0 Coa® 0aiiS Cogar 5l oolaiwl b g conl by ouds ades 5l aals o)l S azio

o oslitul (553 )Led sla IS alet sola 51 (5,90 PD Lanseis (sl wilgt oo ol ol 5 oo

|;i>
N W

t st 1t
[vy] Jo sy - g
Figure 10. The Hall Effect [22]
oolaiw! XLPE (sla LIS yo o0ls 7, PD aseis lp o jlows S S olgie 4 oled o0 (o> ) solodas aY
oS [, PD lagyl > Yb uilS 3 sla b aislgs o a5 siied o900l sy ST (RTD) Lod Canglin (sl 55558 15,5
5,551 55 o 5350 b ygile ysil 5 Slogem pum o LIS o o] Cards lye PD (gVL wilS )3 sl udl Jdo a4 asas
JEPD gt 5l 150 45 5l SapksS (slo K 5 W Gl 3 2 (sl 55k sl ol iy Canl 3 LoolSins sl
Suo 35 LRTD e jgig0 5 b, g5l 55 aile Hlgo slapeile jo (b (pl bdies jaseid cwwys @l bl adles cad wilo
PWTPD lo UK (asets (6l 100 (arsets 8o 4 |, PD (slaully aiilss co cnl by 5 Wigd oo coai PD gie 4y
pled gl iyl 511, PD (6l lS 3 sl 55,8 aslisd 555 B (slonSaiSS 51l es5B )L Slingend

&3 s b SV
Lm)sl‘b)jm‘j‘f 5 98 ,Lus XLPE 6L‘°J-3L§ alos> )'l O3 (558 )Li;é ul).‘.e‘;u 5o 03l = PD ( idu Q-.’.‘ 4o
08,5 oo e Vb il )8 sla)b > (pl slo Sy o owilS 3 Judod g a5 5l eolasnl b g 09 a o0lo auseis



Obdgame ol e Blas Lo =gl pual .y Sz b adsw b e g anseis gl JelS Judow g 4520 AR

oud S S il by S bl (S andss V-

odd hain yaoj dy bSO 068 co Jlosl cdggl S VY XLPE LIS S (g0l 45 cdgolS Ve s AC 5L e S
NV USS 50 0gd oo 00ld aseis asllas 3,90 BIS 50 0010 F#, PD (cpey s Blbol jo a8 5 1 SHFCT 5l oolatl b 4
Wl aseine JS0 10 aS jshailes aiload &Il o i a4 (b () oS )8 daseine AT USS y0 g 0uls 0Jgs PD L
Yo sl Gt omil,8 g Vb aals b 35,086 Ve 3l jiaS (uilS )8 ol a5 cnl Slugs (b SO XLPE LS o 00ls &, PD
asle Gl solws wlasise XLPE LIS ,0 ools &, PD awxid ¢l ol ol aels b 35,086 Ve o U 35,080
g bl cabis al S GLegs 9 b S8 by H55le s gindl 3

Voltage (mv)

500 T T T T
] 1 ] [ ]

400 p----- L - -——-- S LT
1 1 ] n
] 1 1 n

300 r ----- _l ------ -. ------ 1.-.--..-.-.-' -------

200 L------:------ i- ----JI------!-------

100 F----- = === = o B L T T
L] L]
Op-wﬁﬁ".'l‘.—ﬁﬁn.- l- =4
i L}
100 p--=-- R E T T O SR TR FEEERES
i i L}
200 p e mm - wle ol mmmm sl ow .- -
P IR A,
1 1 1 [
400 f === oo s R SEEEE
n ) ] n
-500 1 1 1 i
0 50 150 250 Time (ns)

[YV] XLPE LIS ,s osls &, PD udb V) JSis
Figure 11. The PD pulse occurred in XLPE cable [21]

Magnitude (mv)

500

400

300

200

100

0

10 20 30 40 50 60 70 80 90 100
Frequency (MHz)

[¥A] XLPE LIS ,3 ols &, PD udb (onslS ;3 dasuie N Y JS05
Figure 12. The frequency-characteristic of PD pulse occurred in XLPE cable [21]

1Pyl 5o (S s -Y-Y
oolitul b g oa ools 1,8 gile jshunil 5 (598 jLid Spligy Skl jo (G35 Ko S (lgie 4y (pue 58 S 095 (o0 Jlos
aeiS Sl ey o SIS0 YU (53 0l 2 93le 9l 5 S5 09 d o0 Jate (o) 4 (oo 18 Ol e S
sphiles e co Gialed G0 Lgs aled axio (55, 52, PD zge S0 5 4285 1,8 5 55bs 500l 5 y5 00l 2, PD slaudly



YA YA-OY/VF ¥ 58l fans g ooy o)l [pd Loz Jlo [mgim &l e pusoiiges dloee

VE U jo e udl ol (oudlS )8 aaseie 9 VY USS (0 o0l adgs PD gla by .ol ool ools las a-F IS jo oS
Y om 9 F2elS ao wiz sle uilS 8 4y bgy e PD sla by asels il aseine o JSo 50 a7 jobles Ll ouls &5l
Lol azgy LB 5K Y U

V] ooty oledS ) Gl o~ el iz —cill «gile sl 5 0 o3ls &, PD sla udl VY JSis
Figure 13. The PD pulses occurred in the transformer, (a) several pulses, (b) a magnified pulse [23]

Freguency content of y
T T T T T T T T T

0.3 1

0.25 1

0.2 1

0.15

0.1

0.05

et
0 f f T 1

0 1 2 3 4 5 6 7 8 9
frequency (Hz)

(VY] [ 5ileyginil sy 00ls &, PD (sloudl (sl 3 daseie )V F S5
Figure 14. The frequency characteristic of PD pulses occurred in transformer [23]

2 als 2b e -F
S8le 5l eoliiul b ogds oo (Byme (598 ,Lad Dlig )0 00ls &) PD ol (gl (goleiiiy ST (i onl o
Ded o dl golaiig b3, (09 canlie () p 512 Gilwand sla >y > EMTP-RV

Sl Sss -)-F
byl (655 (Simanad dmslons 5l oolinal b ()b > sl S s pSojlail (23,5 Jlai 0 b e by, Sy callio ol o
Sl Sy Sebse G5 98 JLad Sligas 4 PD Gl el cnl sl 05800 sliiny PD a2l e 1
(le Olge (Wigh co AT 4 e AT LD Gl 4 g cel Cglae walize (58 Jlid Ol 1 PD



Obdgame ol e Blas Lo =gl pual .y Sz b adsw b e g anseis gl JelS Judow g 4520 yva

(b oy Jols PD sl JLSw SLA 6“&;}&9 RPN Giw oads Jloe!l 5y uilS 18 g aials g ile J&lo LnggaJl}U
PD sboplly caxdllas 5,50 juposd @) bgape PD Sy (wlal sl olie log 5 0gr0 lo) ( oilS 3 oo casals
g Aield) Mgl oo ardl g A o oS b (Bile 0 PD Gl JUKs oS5 > Lo 4 aisd oo (g lwand dbgsse
b Bl bt b jo ools 7, PD sl LS 5l JSicie ools oGl G oS s Bile 0 o5 > Jdo 4
4 oalo &) PD sl JLXw b el slo S Lasgs 00l olo i PD PD SO GBL.Q&A &l Ogl o yerS
PD Jl..i....u Lv ‘) u.ml.....u u—'}-u.m.a_’ as oolo olial.u ) 99290 JL..i»...u la PD é‘-"" u...:ﬁyo QWLSA ML{LA alises le.bulia
39 S5 O (o2 Hlrs (JUS o 90 (o Calld (asid (gl adlae () 10 058 co et )10 00l ooly aseis

395 o deloes [YO] abal, 3.l JUS

AB
cor(A,B) = )
(AA)(BB)

A.Q»)GA C) le;bc L_;JQJJ 5o 4.».1.7;: as s)}wsa ‘Lvla.».;.w‘ 0 g_t;.’.L“’L"“’ JL‘—i‘-M‘ aQ L)))JAJLM ol w Jt.i».w ué)j—‘ Cawd
O (330 y9b 4 PD e ConBgn ool plio .conl ool #3lg LT 0 00ls olGL 5o sdel s 4 JuKws 4 bogy 1o PD a5
d)LC L Ja}’),o PD JL&:.“) PD ‘_ngJL.i».M) (5LQ’¢;)"5 wLw‘ » s).».Q?u }Q: l.: ).LvLHA ws) U”‘ 6)Lu OQL.: 6‘;’ O}..)GA
Jsl @ Wlgioo ) 525 Jl GiZe 4 PD Gl lail s 50 sl cnlnly 09 (gilodd Wlgige sz
(1) 3L ,> Bbyz o by ol JUSe g 058 o0 Jlosl (AL LI Jsbo slol b 555155 5 5590 «y53le 9l 3
PD avis oy alold 4 PD Eo Cadge e ol sl DG h yetS (8,5 1,8PD )'L.»)Li&]af@"l?)}#@gd sles!l yo
ez s S e LS een Ogd oo b osls oli;b 50 aols pl wlal 4 Juew g Cuwl arie PD )’LM)LK,LT P
Slesls oli;b ol b gl g S in(t) U iz(t) = wbgs o slac)l o g (09 a8 3 A o oy o calize slo ol b
L PD sl JUSKiw Cuxigo s &l ...\gflu_a Cewd &y BliBee slo 56 o PD sl Wb Jles! & cwl.; s L
9 OS¢ oo Al 00l G’L.»L..w PD b & (o galin JUSes wols olil., sl JuXw b oo G:L.JL,...J Jw aslae

.QQ;@MPDM@y

XLPE b Ll jo Sy adsi 1) 60,90 andllao -Y-F

s bl ;5 PD glaJlSew phicusdse sl oty SSS giload sl EMTP-RV Jl5dle 5 5l sl o
Sl 3ledde sl oS8T Joe 51 0l o058 PD lsel (VL (53 (slgome JIo & 358 o0 03liinl (558 L8 XLPE
S8 jo a5 jehailes saxie o515 (sl e 51 JSiite oad mjes Joe o ecnlpby 0,5 ooliinl &8 i (558 L3
C oL R polie .ol ol C gL R polie cilides Ol jugzs sl 05 o0 Slein Hskate ol (sl eanl oo 431,110
55 eS slawi L) (6 ,50bsS Job wilgs co oST %0 e ,o Joe 35 ialidl (sl el oty gl sl [YV-Y#] 5 [YY] )
A8 Joe 1y 5z 5l (b0

oSyie it 00 b el oad sols las V8 JSE o a8 jshailan EMTP-RV l38le 5 58 XLPE LS o « i ol 5o
Jlesl LS ol 4y il sba S 5o el oa ools pLas VY S 8 a8 jshailan PD Ll o ol oads (55l Joe
KB slel jo (8L Jol5 (gla JuSow Cansl 00l SLINVA JS& 55 9 eend B sleisl 5o (8L )0 sl K 5 995 o
el oad 11N S 0 5 alises lay S ;o PD JiKew Jlos! 4y bgs o



¥ YA-OY/NVF Y 350 a9 ol o,leds /000 )4 Sl /g Ol iles  cwdige alors

RL1 RL2 RLn RL

(@) [=3)))

JolS" Jae () ez 5l obisS Job G Jaw () PD sla JUKw jLail gly (658 jLad &lipas Jow VO IS
Figure 15. The model of high voltage apparatus for PD signals propagation (a) the model of a short length of the equipment, (b) total model
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Figure 17. The PD signal (a) the waveform, (b) the parameters of the pulse
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Figure 18. The received signals (a) part 1, (b) part 11, (c) part 21, (d), part 31, (e) part 41
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Figure 20. The received signals (a) part 1, (b) part 11, (c) part 21, (d), part 31, (e) part 41
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Figure 22. The received signals (a) detector placed at the end, (b) detector placed at part 10
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Table 2. The correlation between the signals
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Figure 23. The equivalent model of each turn of the transformer winding in the ATP-Draw software
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Figure 25. The PD signal applied to the transformer
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Figure 26. The received signals
uL...u J5d~.> U"‘ el 0l 43‘)‘ Ay J9¢.> 29 ML?:.Q s 6L€DJL&~M O GLQM ‘6‘>L(’r’“‘"" U“’ﬁ) uuLw‘ »

el s Jlosl y5ile 58l 5 YO 5 V8 sloSansd 13 o3 4 PD LS 45 s oo



Oldgemme o5 spam S8lao Lo = g6yl [ jo Sy slo s ol e 5 (i sl ol Jelos g 4o

o U (e (Ko Jgor

Table 3. The correlation between signals
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Figure 27. The model of the generator winding
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Figure 28. The PD signal (a) the waveform, (b) the parameters of the pulse
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Abstract

In this paper, two new approximate subtractors are presented. The
proposed circuits are implemented based on gate diffusion input (GDI) and
dynamic threshold (DT) techniques and are named Proposed-1 and
Proposed-2. The Proposed-1 subtractor has 10 transistors, while Proposed-
2 has 12 transistors. Subtractors are implemented by 32 nm carbon
nanotube field effect transistor (CNTFET) technology. Various studies have
been performed and show the high efficiency and performance of the
circuits in different conditions without reducing their output voltage, which
is caused by the use of DT in their implementation. The proposed circuits
use XOR and NOT gates, both of which have 4 out of 8 error states. The
presented subtractors can be implemented in an unsigned non-recovery
divider with different structures including vertical, horizontal, square and
triangular, etc., and finally, they can be used in image processing applications
to detect the difference between two images, either medical or standard
images. The simulation results show the better performance of the
proposed circuits, Proposed-1 and Proposed-2 save PDP of 88.36% and
83.25%, respectively.

Keywords: Approximate Computing, Subtractor, GDI technique, CNTFET

Highlights

e  Using of approximate computing and GDI technique to reduce power consumption
e Integration of DT technique and CNTFET technology to solve problems of GDI gates
e  Design of low-power and small-area approximate subtractors due to the use of only 10 and 12 transistors
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Table 1: Comparison of approximate subtractors

Name Difference (D) Borrow (Boyt)
AXSC1 [5] (X®Y)®B, (X ®Y).B, + XY
AXSC2 [5] X®Y®B, D or B,
AXSC3 [5] B, (X ®Y).B,, + XY
AXSL 1] B, (X +Y)+XY Y
AXS2 [1Y] B, (X +Y)+ XY B,
AXS3[17] B, (X +Y)+ XY X

ICSL[¥] B, X +YB,

1CS2[¥] B, Y + XB,

ICS3 [¥] B,,, B, + XY

Apps [1¥] XY B, (X ®Y)+Y(X ®Y)
SAPSCL [¥f] B, + XYB,, X(Y +B,)+YB,
SAPSC2 7] By X(Y +B,)+YB,
SAPSC3 [1f] » X +YB,,
SAPSC4 [)f] X+(Y®B,) Y
SAPSCS [¥f] X +YB, Y
SAPSC6 [1f] X +Y Y
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Figure 1. Schemes of approximate subtractors of ICS1-1CS3 [3], AXSC1-AXSC3 [6], AXS1-AXS3 [12], and APP [13] and SAPSC3-
SAPSCA4 [14].

1 Complementary Metal-Oxide Semiconductor (CMOS)
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1 Carbon Nanotube Field-Effect Transistor (CNTFETS)
2 Error Rate (ER)

3 Normalized Average Error Interval (NMED)

4 Average Relative Error Interval (MRED)
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1 Gate Diffusion Input (GDI)
2 Dynamic Threshold (DT)
3 Tap Gate (TG)
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Figure 3. The output waveform of the proposed circuits
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Table 3: Comparison of specifications between approximate subtractors

Name Tran. Nu. of Technique Tran. Gate Level Using Total
Count Errors Level (VHDL) Inverterat  Number of
In/Out Inverter at
In/Out
AXSC1[1] A Y TG YES NO Yes/No \
AXSC2[1] A Y TG YES NO Yes/No Y
AXSC3[1] Y Y TG YES NO Yes/No Y
AXS1[4] i Y CMOS YES NO Yes/Yes Y
AXS2 [4] i Y CMOS YES NO Yes/Yes Y
AXS3[4] Y Y CMOS YES NO Yes/Yes Y
ICS1[¥] YA \ CMOS YES NO Yes/Yes v
1CS2 [¥] YA \ CMOS YES NO Yes/Yes Y
ICS3 [*¥] YA \ CMOS YES NO Yes/Yes Y
Apps [V ] Yy f CMOS NO YES Yes/Yes v
SAPSC1 tF \ CMOS NO YES Yes/Yes o
"]
SAPSC2 Y Y CMOS NO YES Yes/Yes Y
"]
SAPSC3 i Y CMOS NO YES Yes/Yes Y
]
SAPSC4 VA Y CMOS NO YES Yes/Yes v
]
SAPSC5 i o CMOS NO YES Yes/Yes Y
"]
SAPSC6 1(No Biy) £ CMOS NO YES No/Yes )
"]
Proposed-1 V. £ GDI Yes No Yes/No Y
Proposed-2 Y f GDI Yes No Yes/No Y
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1 Chirality Vectors And CNT Diameters (DcntS)
2 power-Delay-Product (PDP)

3 Power-Delay Product Area (PDAP)

4 Monte Carlo method (MCM)
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Figure 4. Monte Carlo results for approximate subtractors versus maximum, minimum, and average for a) average power, b) worst-case
delay, c) worst-case PDP, d) average PDAP, and (d) Standard deviation of power, delay and PDP.
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Figure 5. Fan-out results against different approximate cells for (a and b) PDAP, PDP

Did sl ooiSToz asile poduzs slaojle ol olpiin lag,b a5 il o olg oo sdaliwsd s
o1yl ol e o Sles aS Sl VIFA ol (golgiinn Jlow PDP jlads sl o ools oylid all-0 IS jo a5 ghailen
Ol golpaing sboz,b 4l mls 5 SGo 3 gilwand b a5l as AXSC2 2o oo ylid )50 sla o b anslas
G4 FO Jsb jo SLSs Ll s 3 PDAP (gl .o lo Y solpaion Jlae 4y Connd auo )0 TYIVY 050 10 6 5YL (65, &m0
00 001 5L NMED o 53 PDAP 4 PDP gyl s ey combics gl 55500 6l gy |y ool o0iol s
2 Y Jguz oV Joaz 0 ouds Sl bl 4y a> g5 L NMED ol ons a8 5 15 y0 b jloe i oy sl O S5 0
5 ) eolgitin Jas PDP i ;o NMED (35 o sanline a5 jshilan 55 oo 428,5 4350 PDP Llie ,s NMED L
O ad i caslo YU Gl b sloo )57 gl a5 sis NMED g PDP polie cp 5yl ¥golpiinn jlae
sloe b golpiny oz b a5 LYo 51 (S aiies PDAP (s g 9 NAMED (o 5L gl golorin slojlow
IS y0 a8 jshailan wls (golpaing slo o 4 Soo3 2ull bylae cpl a5 caul cpl Wloads aslie AXS2 ¢ AXSC2
Al golpiinn slaJoko b aslin o g BB sbe Dol axlye 4y (o cpl b el o o0ls (Lis (0) 5 (&) O

ool 00 03,51 0 Jozr 1o ol g2lre 9§ g,k aslr vl



Gy Al oim ey 9L 3 0¥ gy dabold] sl s slazel LB g G5 pan o5 o &5 gl 00iiS 3y, s

ol &> 50 sl lae PDAP 4 PDP 5l o ylgs yolie § Joux
Table 4. Power, delay, PDP and PDAP values of the proposed reference circuits.
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Abstract

DDoS attacks make network services unavailable to users by sending fake
traffic by botnets. One of the methods to deal with DDoS attacks is to use
machine learning, but these methods face challenges such as high volume
of loT traffic and data imbalance. This paper introduces a distributed
intrusion detection system in the fog layer that detects network attack traffic
in a decentralized manner. In this method, each fog node acts as an intrusion
detection system, and by exchanging blacklists through the blockchain, they
increase the secrecy of detecting attacks. Fog nodes identify the main
features of network traffic using the Coati optimization algorithm and use
these features to train a multilayer neural network in intrusion detection.
The selection of features reduces traffic and increases the accuracy and
speed of attack detection. Based on game theory, the GAN method is used
to balance network traffic. Tests performed in the MATLAB and on the NSL-
KDD show that the proposed system has accuracy, sensitivity, and precision
of 98.67%, 98.52%, and 98.34%, respectively. This method is more accurate
in identifying network attacks than feature selection methods such as WOA,
GWO, and HHO and more accurate than LSTM and CNN.

Keywords: The intrusion detection system, Fog layer, Machine learning, GAN
neural network, Feature selection, Coati Optimization Algorithm (COA).

Highlights
Network traffic balancing in fog layer with game theory based on GAN network.

Presenting a binary version of the Kuati optimization algorithm presented in 2023 for feature selection.
Maintaining the confidentiality of the proposed intrusion detection system with blockchain and exchanging the
blacklist with blockchain between fog nodes.

Providing a distributed intrusion detection system in the fog layer to detect attacks on IoT.
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Table 1: Summary of reviewed studies in the field of network attack detection
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Figure 4. The framework of the proposed intrusion detection system
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Figure 10. Comparing the accuracy, sensitivity and accuracy of attack detection with group intelligence methods
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Abstract

The time difference of arrival based approach to wireless localization is
perhaps one of the most interesting research subjects over the past decade.
A method using copula function is proposed for source localization using
TDOA measurements for both noncooperative and cooperative scheme. The
proposed method is started with noncooperative localization, and finaly is
extended to the cooperative localization problem. Because of unknown
measurement noise covariance matrix, by using the theory of copulas with
Sklar’s theorem, the joint likelihood function of TDOA measurements is
coupled to the corresponding univariate marginal likelihood functions. Then,
an attractive alternative using method of inference functions for margings is
applied to the maximum likelihood estimation. The procedure involving
maximization of univariate marginal likelihood functions and then
estimation of copula parameter. The maximization suffers from noncovexity,
so we apply semidefinite relaxation techniques to derive a convex estimator.
Simulation results corroborate the performance of the proposed method as
for sufficient signal to noise ratio, we observe one meter of improvement in

source location accuracy.

Keywords: Time Difference of Arrival, Semidefinite Relaxation, Copula
Functions, Source Localization, Correlated Noise.

Highlights

e A method using copula function is proposed for source localization using TDOA measurements for both
noncooperative and cooperative scheme.

e The joint likelihood function is coupled to the corresponding univariate marginal likelihood functions with
unknown measurement noise covariance matrix, by using the theory of copulas.

e  An attractive alternative using method of inference functions for margins is applied to the maximum likelihood

estimation.
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! Time of Arrival

2 Time Difference of Arrival
3 Received Signal Strength
4 Angle of Arrival
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1 Two stages weighted least squares
2 Modified polar representation

3 Weighted spherical interpolation

4 Maximum likelihood

5 Cramer-Rao lower bound

& Semidefinite Relaxation

7 Semidefinite Programming
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2 Inference Functions for Margins
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2 Cumulative Distribution Function
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