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Abstract

Addiction is a biological, psychological, and social disease. Several factors are involved in etiology,
substance abuse, and addiction which interact with each other and lead to the beginning of drug use and
then addiction. Heroin is an addictive drug that, by acting on the central nervous system, reduces the
density of neurons in the brain and interferes with decision making. This paper examines the effects of
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heroin on brain function by studying the relationship between spectral strength of
electroencephalogram (EEG) signal and heroin abuse. For this purpose, the resting EEG signal and
cognitive activity of 15 healthy individuals and 15 heroin addicts were recorded in 16 channels in one
session. The frequency range of EEG signal sub-bands was calculated separately for each individual.
Welch method has been used to extract the power of EEG signal frequency sub-bands. The extracted
features were examined using Mann-Whitney test and Davies-Bouldin index. The results show that the
heroin-dependent group has higher power in delta (in the frontal, central and temporal regions) and
theta (in all canals) than in the control group. In the heroin-dependent group, the power of alpha
decreased compared to the control group. High alpha sub-bands power in the frontal, temporal and
central lobes compared to other frequency sub-bands, as well as in the central, parietal and temporal
lobes, the power of the second low alpha sub-band in decreased addicts. According to Davies-Bouldin,
the power of the second low alpha sub-band in the T6 channel has a better power to differentiate
between healthy and heroin-dependent people.

Keywords: Heroin addiction, EEG signal, frequency characteristics, power, Davis- Boldin index.
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(Table-3): Statistical test results of signal changes in addicts compared to healthy individuals in different channels for frequency
characteristics extracted from 15 healthy individuals and 15 addicted individuals
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(Table-4): Davis-Boulden's standard values for power spectral in frequency bands

Ot¥e wged Hladle | 09yl e cundge Wb )
Y/AVA- 3
Y1674 F4
¥Ivary F7
YIARSY ¥$
YIAVSE Fz ,
Wi YL Wb
¥/ $EV T3
YAYVE T4
Y/aay- TS
YIAVSS T6
YIAY - Y c3
Y/a4-v 6
Y/favs c4 T ol b g
BIVES- C,
Y/Yaty P4
Al-OYE P3 W1 by Wl oyl
£/£ .59 o1 Sl

e 1 el To JUIS 5o T ol aib caogs @

s bojaum ooy 2b 5, -V-0

slass g lel Bl 5l el Cqz ragh ol o
RS Ll il 8,8 13 bl 000 5 Weojsm
a9 3l el SO le Sl Ol !
Salpb 2P b ool gl ahis gy Jaiew
WWigh dwslio o0 SO b d(Gloj alais g3 ,0) (il
144] Q)S Aﬁ‘? Cond gy 4.]4:.3‘) )| Lam\;'yoj o>

2
2c5(2j [ZlOt + Zl_ﬁj
N = 2 0)

82

otV om S 9ol gl -Y-0
U ) oS plaie any (Fis s shisen
DB arls mls .cuwl oads oolatwl palem gsod
el ol osle Las (F) Jgoo j0 ¢ oS )8 sl Shg
(BB Sl SRy (m ,0 d9dse ond &S Hoblea
T4 T3 Fz Fs F7 Fa F3 sla JUIS o W oYL &b
LU 4 4 Cond 7% s SSE 5l Cag Ts
&b P JUI5 o T ol b cpitass ol o955
2 W omly Sl e 55 01 JUIST 5o Sl Ly
9585 e G SIS 1P 9 Ca Cz To sl JUIS
SRHSSE Gl 02 JUB )0 ol 2 ogdle saiinn
Ll 00gs lime SO 4 LS 5 oonl Ly b Lds wiby
g g Hlae Sl sswliiwsd s a4 axg

Loy ol Gl Sy plad o ol (p5aS

OF 2l Vo kel VP Jl


http://dx.doi.org/10.52547/jsdp.19.3.49
https://jsdp.rcisp.ac.ir/article-1-1149-fa.html

[ Downloaded from jsdp.rcisp.ac.ir on 2025-11-01 ]

[ DOI: 10.52547/jsdp.19.3.49 ]

il opa )3 @Il Sl gaig pd 43 Slixe 3131 63UIS jaledo (uilS ) (S5 Sa9 il

%

Oly phels
Ol Wb et
el g W
Lo aibyy (ol
g5 b
Sl s s e

B

Ly il ol Gal8
sle o L s
e 55 e

LS 5 Ly (uilS)8 e a5 ad le adlllas (ol o
S8 Co s Co s sl JUlS) sia 5350 >l55 0
Ol Rl Ll S 4 ced il ye 4y sliee
oddplil adlllas yo a5l > .ol ol jon (P<0.005)
(Cs g Ta T3 Fz F3 Gl JUls) WT oYL wib o olgs
(Ps 4 P3 Cz Fg F7 Fs slaJUS) WT ol wib puego
Sl a8l gl

Sl as wols lis sl cawsa b zren
L Q2 5 0 Co) sloJUS o Jlos by (ol 5 il
oadplxl daadllas jo .ol 009y ol jor (0L Jlws ialS
Adon sl aS cal il )8 Wil (33 yg] Cawdds Bun
YT W RC RS N W N JCY O
039y ol yar (P<0.0005) (¢, Stz ials L O1 JUI
o

dslsy 5 Tomgls bawg endplal adllas )
U9y e odle Bpan sguw dis blLI)| [17,27]
Do Jsbo g udge diliyy (Brae 590 ploj D)
IR owon o9 BEG i b (3 b Geoy
FIOLF 5ol pay Soe Job adllas ol jo .08 )5
4 olime 0,8 TV glin (pl ;o .l 009 yuurin olo
5o ilasls &S n Wl 9,8 003190 by e jade oole
W ol b s wilS )8 a5 0d Lo adllas oy
Oy a4 Sl S e Sl 5 6550 (Pl 0
FONREPCE PP PRV VAL SN I PV
Ll b5 B by slaguils 3wl e (nime
Loogls bl s oobe 5l ey oe Job
OSlee jase osle Bpas l e p 8)90 (ad 5 SYsb
Cs Py 01 Oz F7 Tg Ts sl LIS ,0) L owsls 3
Jb el a8l gl (Pz ¢ Te Fz Cz Fpr F3 Fa
For Fs glaJUS 19) il By ool p Silio o1
Lol a8b zolS (F4 9 C3 Cy F7 Fg Ts Fz £z Fpr

inbesl ladiges slaws e jas 65 38 N T 0 a8
iy Lian 9 U1 0550 St il ly 5 Dy
G Al 0jee sl yoglolixe b blie o laslil
Ao Pl o550 sl o lobine gl (A2g3
9 VAF plp Z o I el oo asd 5 a5 o +/+ 0
Ao ol Blgs 285 S j0 b 5 Zy g Jlade iz
30 0 lade psren Cewl s Bl </AFVE ws o
Oy Sl o lasliw] Gl ol g oals azd )8 las o ¢/ F
Slaws Azl 5o ] OM] Cowddy <[+ YYD ).v‘).:
oegh cpl jo aS cwl VYV P colpinn sladiges
b 1 g ool blod oliss 5,8 003l 5 plle 5,8 003k

Sl )|0)95ﬁ Léls )LH.C‘ )| OM‘BL?U‘ @ r

=l (b Sy 9 bl amslio -F-0
ol

sl Sns 5 @B om slawlie ©) Joux o
Ll ety o) 2 9 @S 5l eolaws 5 (2Pl
aan 90 3l s opde s 4 olixe 01,8l o |, EEG JLS o
Ol 5o 3,5 bl e jase oole Bpae il ey
005l ((pig e jutte oole 4 dlize L& cusd duglie
Oleyd Cot yai 00 g SSsS jaske ool 4y olie &5

Ao 00,5 &S b (MMT) stQLLc

7 il (cudlS 15 o S 59 dom Lo (D= Jgu)

(Table-6): Comparison of extraction frequency

4 Davydov
5 Polunina

OF 2l Vo, VP4 Jlo

characteristics
. &=l
Lide g omagls | el Sam 5 01,3 el
[27] {17] 30
[30] e
Sl oads, Soe Jebs
- O,
Sz I ey ois . .
£hp 9o 9o oole B a0
f“’“ 9 olo .
OP9R
(VEIVEO/F 25 ,0) (YY/TE0/1 w5 )
OB aLS ES b slass
Lo VY Sls VY
(YEIALEN w5,0) (YY/PER10 15 10)
ola AIYZEY/SA & Yoy e
Jus asspy T
olo YA/FALY/N P9y ).\.‘ia oolo
14 Y o JUKS slass
1 Franken

2 Coherence
3 Methadone maintenance treatment (MMT)



http://dx.doi.org/10.52547/jsdp.19.3.49
https://jsdp.rcisp.ac.ir/article-1-1149-fa.html

[ Downloaded from jsdp.rcisp.ac.ir on 2025-11-01 ]

[ DOI: 10.52547/jsdp.19.3.49 ]

pole olfails Sy oaSladls ay,ad Mfasig il o

va—vf :.‘)0 ‘(B' w ‘?f JL».‘ ‘Q‘).e; ;u.')’.'
AYAL ol yo

[1] A. Pash-Meysamie, B. Faramarzi, K.
Holakouie-Naieni, “How addicts think about
addiction and community problems?.”, Tehran
Univ Med Journal,Vol. 64, No. 5, pp. 34-43,
2006.

doGleyd WS (s wp solail wp b (Y]

«5‘*’))-.'" eSS (Glasla SRS
Bymo 095 lolie g oliel S5 lolis Selfaso
K ol;.—lr:)} o oleel STy Sl a4 suiiS x| e
45 IPAR Lo sl sge b Lo Jolse 550

e Y sl lusd,  (Sag egle oKislo
AYAY L5 A-YAR

[2] M. Tarrahi, H. Ansari, K. Heydari, A. Sharhani,
R. Akrami, K. Holakouie-Naeini, “Viewpoint
of care providers and self-reported substance
drug addicts referring to withdrawal centers
about etiology of re-addiction in Khoramabad”,
Journal of Rafsanjan University of Medical
Sciences, vol. 12, no. 4, pp. 299-308, 2010.

[3] J. Bell, J. Strang, “Medication treatment of
opioid use disorder”, Biological Psychiatry,
vol. 87, no. 1, pp. 82-88, Jan. 2020.

[4] H. Julia, K. Moore, T. Acri, G. Jordan
Treisman. "Understanding the Disease of
Addiction”, InIntegrative  Medicine for
Vulnerable Populations, pp. 37-53, Springer,
Cham, 2020.

[5] D. Matgorzata, G. Sescousse, N. Potenza, A.
Duda, M. Lew-Starowicz, M. Kopera, A.
Jakubczyk, M. Wojnar, M. Gola. "Gray matter
volume differences in impulse control and
addictive disorders”, Journal of Nerosience,
vol. 19, no. 3, pp. 174-185, March 2020.

[6] P. Elena, S. Savov, N. Atanassov, J. Vassileva,
"Relationships  between alexithymia and
psychopathy in heroin dependent individuals",
Frontiers in Psychology, pp. 1-40, May 2019.

R R T e T R N
o 5 Oladl jre e 4l pl Sollandly xSl
oS ek A Bawge a4 (ol heS
uu AY :JL...J aoals 9 wj)l.c u*’)bf M ololes
AYAF 500l DF-F) o Y

[7] F. Hasanzadeh, H. Shahabi, S. Moghimi, A.
Moghimi, “EEG investigation of the effective
brain networks for recognizing musical
emotions”, Journal Signal and Data
Processing, vol. 12, no. 2, pp. 41-54, 2014.

Wb omegs Ol oadplnl (qwyp jo a5 Jloyo
Jmlf Py P Ps Cz Fg F7 Fu 6[.&Jl$l5) B u...;l.'
Sl eteds Gl Caws 4 (P<0.0005) (6 55 oS pii
ool el ails 6,8 i rals O JUIS o s Lo
L U slos jo owilS 2 slaasl olgy Ol sy Liselsy
250 Gled Sl o i 4 o Ll 1A sl ool Lo
el 00 e & jgody JUIS

G S A —F

slools iy g, 3l eolaiul L oalie cpl o

3 eolaiwl b pizen Cowl oull J.JLJ Bl o

oabdl ,o (slrosls 0,5 90 duslie @ tS)L"—‘ 6L®O5A)’]

3calesye il asle, wilS 3 sloaily; el o

Dol sl a5 la Shs slr (s omns Ol

90 o mls b eolatwl wilesg (6 Spie lolias

285 I ey 5 o 3550 JolS S jg0a (50

Wy oo s lagygesl cpl 5l aS S ol isu ol

1l dalgS 590 4SS sy
58 slaail ple cos 4 W _uls 8 oYL
Lol alily (g pazg LB ualS

Lo wb glg a5 ol olas bl slagse;l s (¥
N e e e
] 0dg o‘).A.Qv 6)"51“*““’

Wb ol g lel slagyges! 5l oselcwmsa b Blas (¥
el a8l ol33l b JUKS plos o Lo o Ly ouslS 3
S @ (pilyrpmps pale (b))l e iz e
(Al (Shy e o2 WL gl
5 e Bl regh ol Gan &dlyys aslesgs
S 2o Shy el Gl @ et Sldllas 251 50
e el oal aisle, wlaidlsjloliae Sglas

Ll 552l lobine Solis a5 la S

7- References &l =Y

oS Gmlbosde co @il wp etlil [V]
‘\"5§> ‘\-’“’l’ S 9 OLu.C‘ uo}»a} o uloL..u"

OF 2l Vo kel VP Jl


http://dx.doi.org/10.52547/jsdp.19.3.49
https://jsdp.rcisp.ac.ir/article-1-1149-fa.html

[ Downloaded from jsdp.rcisp.ac.ir on 2025-11-01 ]

[ DOI: 10.52547/jsdp.19.3.49 ]

il opa )3 @Il Sl gaig pd 43 Slixe 3131 63UIS jaledo (uilS ) (S5 Sa9 il

%

&

signal”, Journal Iranian Journal of Biomedical
Engineering, vol. 14, no. 2, pp. 121-130, 2020.

[16] N. Behzadfar, “A brief overview on analysis
and feature extraction of electroencephalogram
signals”, Signal Processing and Renewable
Energy, vol. 6, no. 1, pp. 39-64, 2022.

[17] A.G. Polunina, D.M.  Davydov, "EEG
correlates of Wechsler adult intelligence
scale”, International Journal of Neurosci, vol.
116, no. 10, pp.1231-1248, 2006.

[18] D.M. Davydov, A.G. Polunina, “Heroin
abusers’ performance on the tower of London
test relates to the baseline EEG alpha2 mean
frequency  shifts”, Progress in  Neuro-
Psychopharmacology and Biological
Psychiatry, vol. 28, no. 7, pp.1143-1152, Nov.
2004.

[19] T.M. Lee, W.H. Zhou, XJ. Luo, KS.
Yuen, X.Z. Ruan, X.C. Weng, “Neural activity
associated with cognitive regulation in heroin
users: A fmri study Neurosci”, Neuroscience
Letters, vol. 6, no. 3, pp. 382— 211, April 2005.

[20] A. Fingelkurts, R. Kivisaari, T. Autti, S.
Borisov, V. Puuskari, O. Jokela, S.
Kaehkoenen, = “Reorganization = of  the
composition of brain oscillations and their
temporal characteristics in opioid dependent
patients  Prog”, Progress in  Neuro-
Psychopharmacology and Biological
Psychiatry, vol. 30, no. 8, pp. 1453-65, Dec.
2006.

[21] I.K. Lyoo, M.H. Pollack, M.M. Silveri, K.H.
Ahn, C.l. Diaz, J. Hwang, S.J. Kim, D.A.
Yurgelun-Todd, M.J. Kaufman, P.F. Renshaw,
“Prefrontal and temporal gray matter density
decreases in opiate dependence
Psychopharmacology*, Psychopharmacology,
vol. 184, pp. 139-44, 2006.

[22] D.A. Kaiser, S. Othmer, B. Scott, “Effect of
neurofeedback on chemical dependency
treatment”, Biofeedback and Self-Regulation,
vol. 20, no. 3, pp. 304-305, 1999.

[23] F. Motlagh, F. lbrahim, JM. Menke, R.
Rashid, T. Seghatoleslam, H. Habil,
“Neuroelectrophysiological — approaches in
heroin addiction research: a review of
literatures”, Journal of Neuroscience Research,
vol. 94, no. 4, pp. 297-309, Jan. 2016.

[24] Y.W. Qiu, LJ. Han, X.F. Lv, G.H. Jiang, J.Z.
Tian, F.Z. Zhuo, H.H. Su,C.L. Lin, X.L.
Zhang, “Regional homogeneity changes in
heroin-dependent individuals: Resting-state
functional MR imaging study*, Radiology, vol.
261, no. 2, pp. 551-9, Nov. 2011.

[25] A. Fingelkurts, S.  Kaehkoenen, A.
Fingelkurts, R. Kivisaari, S. Borisov, V.
Puuskari, O. Jokela, T. Autti, “Reorganization

OF 2l Vo, VP4 Jlo

s i Solo vy byl 8 Ll [A]
Ls‘)" &u wJLo.‘ P Gu.uo OA*SLS..\...)M @blf

s e (il Ksre sl ganail
Ava¥ )di HO-FY P Y L}" AY JLM) daosls

[8] A. Mirjalili, V. Abootalebi, M.T. Sadeghi,
“Improving the performance of sparse
representation-based  classifier for EEG
classification”, Journal Signal and Data
Processing, vol. 12, no. 3, pp. 43-55, 2015.

[9] 1.B. Frokjer, et al., “Integrity of central nervous
function in diabetes mellitus assessed by
resting state EEG frequency analysis and
source localization”, Journal of Diabetes and
its Complications, vol. 31, no. 2, pp. 400-406,
Feb. 2017.

[10] H, Fathi-Sanghari, N. Behzadfar, "Application
of firefly algorithm in automatic extraction of
brain tumor from multi-modality magnetic
resonance images", International Journal of
Smart Electrical Engineering, vol. 10, no. 4,
pp. 187-196, 2021.

[11] S. Karimi-Shahraki, M. Khezri, "Identification
of attention deficit Hyperactivity disorder
patients using wavelet-based features of EEG
signals”, Journal of Intelligent Procedures in
Electrical Technology, vol. 12, no. 47, pp. 1-
11, Dec. 2021.

[12] X. Li, B. Hu, T. Xu, J. Shen, M. Ratcliffe, “A
study on EEG-based brain electrical source of
mild depressed subjects”, Comput. Methods
Programs Biomed, Vol. 120, No. 3, pp. 135—
141, 2015.

[13] M. SA, B. Narayanan, D. Chorlian, J. Meyers,
J. Gelernter,V. Hesselbrock, L. Bauer, V.
Calhoun, B. Porjesz, G. Pearlson, "Multivariate
analyses reveal biological components related
to neuronal signaling and immunity mediating
electroencephalograms abnormalities in

alcohol - dependent individuals from the

collaborative study on the genetics of
alcoholism cohort”, Clinical and Experimental
Research, Vol. 43, No. 7, pp. 1462-1477, May
2019..

[14] A.B. Gekht, A.G. Polunina, E.A. Briun, D.M.
Davydov, “Brain bioelectrical activities in
heroin addicts during early abstinence period”,
Zhurnal Nevrologii i Psikhiatrii Imeni SS
Korsakova/Ministerstvo Zdravookhraneniia i
Meditsinskoi ~ Promyshlennosti ~ Rossiiskoi
Federatsii, Vserossiiskoe Obshchestvo
Nevrologov [i] Vserossiiskoe Obshchestvo
Psikhiatrov, VVol. 103, No. 5, pp. 53-59, 2002.

[15] M. Dorvashi, N. Behzadfar, G. Shahgholian,
“Classification of alcoholic and non-alcoholic
individuals based on frequency and non-
frequency features of electroencephalogram


https://www.sciencedirect.com/science/journal/02785846
https://www.sciencedirect.com/science/journal/02785846
https://www.sciencedirect.com/science/journal/02785846
https://www.sciencedirect.com/science/journal/02785846
https://www.sciencedirect.com/science/journal/02785846
https://www.sciencedirect.com/science/journal/02785846
https://link.springer.com/journal/213
http://dx.doi.org/10.52547/jsdp.19.3.49
https://jsdp.rcisp.ac.ir/article-1-1149-fa.html

[ Downloaded from jsdp.rcisp.ac.ir on 2025-11-01 ]

[ DOI: 10.52547/jsdp.19.3.49 ]

based on time averaging over short, modified
periodograms”, IEEE Trans. on Audio and
Electroacoustics, vol. 15, no. 2, pp. 70-73,
June 1967.

[36] W. Klimesch, “Eeg alpha and theta oscillations
reflect cognitive and memory performance: are
view and analysis”, Brain Research Reviews,
vol. 29, no. 2, pp.169-195, April 1999.

o Gl etle wp oblisnd o Ssas [YV]
s So Gilwosly 5 Lk e ool Ll
(ol Ghleg abibls Cus® Sy Shands,ss
S Slger (SB gy (et 43, (555 Al
Olps Oladss ¢ pele axly  dll ol5T oKails
Ayay

[37] M. Goshoni, M. Firozabadi, M. Hashmi, M.
Khalilzadeh, “Design and implementation of a
neurofeedback system to enhance the memory
of Alzheimer's patients”, PhD thesis in
Medical-Bioelectrical Engineering, Islamic
Azad University, Science and Research
Branch, 2014

[38] L. Yisi, H. Xiyuan, S. Olga, B. Olga,
“Individual Theta/Beta based algorithm for
neurofeedback games to improve cognitive
abilities”, Transactions on Computational
Science XXVI, Lecture Notes in Computer
Science, vol. 9550, pp. 57-73, 2016.

[39] C.L. Ehlers, E. Phillips, I.R. Gizer, D.A.
Gilder, K.C. Wilhelmsen, “EEG spectral
phenotypes: heritability and association with
marijuana and alcohol dependence in an
American Indian community study”, Drug
Alcohol Depend, vol. 106, no. 2-3, 2010.

[40] G.Y. Wang, R. Kydd, T.A. Wouldes, M.
Jensen, B.R. Russell, Changes in resting EEG
following methadone treatment in opiate
addicts, Clinical Neurophysiology, 2014.

[41] A.A. Fingelkurts, S. Kaéhkonen, A.A.
Fingelkurts, R. Kivisaari, S. Borisov, V.
Puuskari, O. Jokela, T. Autti, “Composition of
EEG oscillations and their temporal
characteristics: methadone treatment”,
International Journal of Psychophysiol, vol.
64, no. 2, pp130-40, 2007.

[42] K.R. Alper, R.J. Chabot, A.H. Kim, L.S.
Prichep, E.R. John, “Quantitative EEG
correlates of crack cocaine dependence”,
Psychiatry Research: Neuroimaging, vol. 35,
no. 2, pp. 95-105, 1999.

[43] D.L. Davies, D.W. Bouldin, “A cluster
separation measure”, |[EEE Trans. on Pattern
Analysis and Machine Intelligence, vol. PAMI-
1, No. 2, pp.224-227, April 1979.

of the composition of brain oscillations and
their temporal characteristics during opioid
withdrawal”, Journal of Psychopharmacol, vol.
22, pp.270-84, 2008.

[26] N. Dashti, M, Khezri, “Recognition of motor
imagery based on dynamic features of EEG
signals”, Journal of Intelligent Procedures in
Electrical Technology, vol. 11, no. 43, 13-27,
Dec. 2020.

[27] A.G. Polunina, D.A. Davydov, A.A. Kozlov,
“Brain disintegration in heroin addicts: the
natural course of the disease and the effects of
methadone treatment”, Heroin Addict Relat
Clin Probl, vol. 9, No. 2, pp.17-26, 2007.

[28] L. Fu, G. Bi, Z. Zou, Y. Wang, E. Ye, L. Ma,
M. Fan, Z. Yang, “Impaired response
inhibition function in abstinent heroin
dependents: An fMRI study neurosci”, Lett, no.
6, pp. 322-438, 2008.

[29] I.H.A. Franken, C.J. Stam, V.M. Hendriks,
W.V.D. Brik, “Neurophysiological evidence
for abnormal cognitive processing of drug cues
in heroin dependence”, Psychopharmacology,
vol. 17, pp. 205-212, 2003.

[30] I.H.A. Franken, C.J. Stam, V.M. Hendriks,
W.V.D. Brink, “Electroencephalographic
power and coherence analyses suggest altered
brain function in abstinent male heroin-
dependent patients,” Neuropsychobiology, Vol.
49, pp. 105-110, 2004.

[31] K. Barbe, R. Pintelon, J. Schoukens, "Welch

method revisited:  Nonparametric  power
spectrum estimation via circular overlap”,
IEEE Trans. on Signal Processing, vol. 58, no.

2, pp. 553-565, Feb. 2010.

[32] S. Wang, G. Liu, L. Han, "Improved arithmetic
for generating Costas arrays using welch
construction method”, The Journal of
Engineering, vol. 2019, no. 21, pp. 7805-7809,
Nov. 2019.

[33] W.N. Lopes, F.l. Ferreira, F.A. Alexandre,
D.M.S. Ribeiro, P.O.C. Junior, P.R. Aguiar,
E.C. Bianchi, "Digital signal processing of
acoustic emission signals using power spectral
density and counts statistic applied to single-
point dressing operation", IET Science,
Measurement & Technology, vol. 11, no. 5, pp.
631-636, Aug. 2017.

[34] J. Zhang, Z. Yuan,J. Huang, Q. Yang, H.
Chen, “Quantification of the power changes in
BOLD signals
using Welch spectrum method during different
single-hand motor imageries”, Magnetic
Resonance Imaging, vol. 32, no. 10, pp. 1307-
1313, Dec. 2014.

[35] P. Welch, “The use of fast fourier transform
for the estimation of power spectra: A method

OF 2l Vo kel VP Jl

&


https://www.sciencedirect.com/science/article/pii/S0730725X14002495
https://www.sciencedirect.com/science/article/pii/S0730725X14002495
https://www.sciencedirect.com/science/article/pii/S0730725X14002495
https://www.sciencedirect.com/science/article/pii/S0730725X14002495
https://www.sciencedirect.com/science/journal/0730725X
https://www.sciencedirect.com/science/journal/0730725X
http://dx.doi.org/10.52547/jsdp.19.3.49
https://jsdp.rcisp.ac.ir/article-1-1149-fa.html

[ Downloaded from jsdp.rcisp.ac.ir on 2025-11-01 ]

[ DOI: 10.52547/jsdp.19.3.49 ]

il opa )3 @Il Sl gaig pd 43 Slixe 3131 63UIS jaledo (uilS ) (S5 Sa9 il

%

&

b e oo ok Vo 4 S35 3 g 08,5 el
ol adle 8)50  caadss dis) ol g [Sen
5 S sl JiSw cud ( Sy S psal Gleolliss
Sl dgdzte gl g,

Sl Cenl ©jle lal aebl, Sles
mr-yousefi@iaun.ac.ir
Slae camdggne ol
Lo 1y 0s a5 g el )5
| GohlS  Gr e 4,
& (S Glepims 5 Sy Sl
SEAYYY o A\YPY sl Lo o sy

Iy 09> saass &l xS S 0e 5 Glaol cxo oKisls
SIAYAY L jo Olplee iol)8 (5 (g 4l o
<db e Ol Sl3T olizsls )l 5 Sliios g pgle ol
oaSiiils boliwl fleeas g5 yol= Jl= jo .l 00,5
g Jims Al p Slidod 550 ghe 5 §p (o
cdled ol Sl3T olfiils oblcams axly yuisle b
ol sl ale g9 Liegh G sleais; o)l
Sl ;o iy laghs) 9 g 9 poad Jlods
aigh 5
5 el & le il aalilly olas
mahdavinasab@iaun.ac.ir

5 a5 8,00 ldiall yaiuad
b, o 1) 9wl eell)ls
PRAAN JL“’ 50 D8 — 5y PIVRLER
e olRadls o i yay VYVY
11558 090 g 3y oKils g Lt
5 pole o Rl ;o VWAL Lo ;o (5, (owoige a3 50
)L'“”"b u5-§| 3 s cJ.SL.,.,) QL’L’ & olibss

QUJ;;J Ay oDl olﬂ OBl (5 (gudiges 0aSiiils
Sl diedign laaSiln, Olidd S gac
2 oole dlie YO+ 5l i 5 QLS cotie 5356 (L]
Pl pire gloa i g (Mol (s g (o sloudl a8
L5 e 2o Tob (riz ) Grigred el 0dd
Seolind 0,08 g Sl paass s iloss Ko
sl Bt (55l Joe
) el &ole oLl Al s
shahgholian@iaun.ac.ir

OF 2l Vo, VP4 Jlo

[44] R.M. Alguliyev, R.M. Aliguliyev, L.V.
Sukhostat, “Weighted consensus clustering and
its application to Big data”, Expert Systems
with Applications, Vol. 150, Article 113294,
July 2020.

Ly adble

PR S TS
VS
S P s Dl plre (B (o
olBiils o VYAV 5 VY0 sl o
oLl obldiss asly oDl ol
PR ‘_;ljlfo 69—7."2‘5“) nylw.as 3 | ow'Lw)
Sblcazs axly oDl ol3T olSiiils &l pla 2ol S 3
5l el oyle lag! aslbib], Sl
tobeihaatefeh@gmail.com

Pl I
R SR S PP CE W e O L
5 ITAY Jlo 8 (SBg aite
5 oleaol oKails o cusga VYAQ
wdy ;o 1) 1558 0598 5 olns olasl
O Cam i olRidls o VWAF Lo jo (S owdige
oaSlzily bobiwl eST (g5 el sl oLL 4

5 o5 ey

9 Jlazms (oiloy Slidod 35 00 gac g 5y (wiige
ol bl ol okl ol5T oliils peiile b
Silosgy LGy ik (paiz gy HeST Gl
JrsS s JUiSms (o3lop cpgal (30 paadd alw)
5l el @yle plasl asbll, glas
n.behzadfar@pel.iaun.ac.ir

) bl 050 (Shuwg Lo oo
o )3 (£,08) 3y (owdigee 4LD o
5 0l bt S gla oj50 5 VYA
SR e AL, o Iy 1S
sldls o coifa (Se Sl
ol al axlgs  Jaio oRils ;o VYAY 5 VWAY
3 ot 055 el Sl sl; okl & (s
SIS s St 5 ol iS5 ale allis waS
OFSE Grizmer Ll oy Sl 4 (25
5 JSaegn G8o)lpl ( Sy Oligas sleolKioles]
oLl o asly ol Sl3T oKisls jo 1) )l cuaS


https://www.sciencedirect.com/science/article/pii/S0957417420301196
https://www.sciencedirect.com/science/article/pii/S0957417420301196
https://www.sciencedirect.com/science/journal/09574174
https://www.sciencedirect.com/science/journal/09574174
mailto:mahdavinasab@iaun.ac.ir
http://dx.doi.org/10.52547/jsdp.19.3.49
https://jsdp.rcisp.ac.ir/article-1-1149-fa.html

[ TO-TT-S202 uo JrJe-dsnidps( woiy pspeoumo( ] [6vc6T dpslizySszs 0T (104 ]


http://dx.doi.org/10.52547/jsdp.19.3.49
https://jsdp.rcisp.ac.ir/article-1-1149-fa.html
http://www.tcpdf.org

