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

[ DOI: 10.52547/jsdp.19.3.163 ]

U530 53 5 ko JUiSyw 31 S posls
3349995 s jgeT
obdialy Jiuad g% 50040 105 ( D990 n9 o

Olnl wblcams ( oDl ol T olKizsls wblcazs aly ¢ 5, (owdige saSidls
Olnl oblcazs  codlul ol3T olKisls wblcazs axly wiedbgh (sladSis s, Glib>s ;S

US>

O 30 (S OS5 a0 i 1) ke Cudlad Wilg o sihe JUSeow Gllugi yudi b a5 Conl (g «Soiudg el hgel
CoinS Lo o Suaids el hjgel (o )3 Siwd adgeds adtid 9 SOl Colill el 4 joue (Souudsye hgel
Qu),oi ‘5'9 L) oa.,.JuS).& é)ﬁ oé}‘gé d‘;;‘b.«aiaﬂ‘ JL&W B ‘;w uam Ao O" B é,w‘_,..c &Mg)y ufv)’.oi
Ghigel USTap 99 Jolds (owyp Oy00 Saundgygi higel Cawl 48,S 418wy Oyg0 Ghigel Al 00 (b y0 Suuudgye
G Al (gilwdiongy jabiinds &5 Cawl i S il il Joldh plaS p2 AT Wi 93 9 SO s JST g el 4 Shundg s
9551 Gals 9 0Z JUI 50 WT 5l Wby omegd olg alibl 5 (oS 5 SO JSSgp 50 (chigol Sy wilowd ol,b
‘3““’) el OZ JUU J° w1 U'“"l‘, "”b)") (090 0‘9"” W‘P' LQ‘” 99 JS"B)" J° G“‘)Q"’T L;)"B 9 <l FZ JUU J° s““‘fdl"
SO SR cuds Ol Wigy S o0 Sl il hjgel ST hg Ol Wg) 50 Saasdgyg Ghigel ple yo (Sws
Wilgi oo (Shigol B STy card lpdl Wigy (owyp IV f3gd o0 Sousdg)g Ghigel Bus Wlhe b uS gy (bjgel
2O T ol Wil (g0 lF O pusdl o Mgy (SQ SS9 50 (S SIS ) (> 50 bl oud Slu ! (Sws 5T
I 95 50 oiarod Cowl (LidlS Jd jLoiol Ol i’ ol Wigy .ol (L33 FZ LK jo iS @»‘57 9 s 0Z JLls
20 SR et pas suidslis 4 Cowl (als jloel g OZ JU 50 WT b Wby (mogd olgF O pdd cusd Wg) Jud 99
JSGg 58 905gm VoS JST gy 53 bl AbIS (5 1 kol Wilgs o5 05 g ol (K 1 50 Sauadg e hg0l Bud sl
19} (Nglh o0 (S oo 90 SS9y A1 Cand (5 0S 3181 dlawi (S ST gy 50 .Cawl 0010 &) (Siws 059w dw (gly <90
il Sy Jold Lid 90 JSTgp g widund (ol )3 uf g (S 9 G Fho 5l (oS F SO ST n (higel B SR

Cowl
S o 31,5 Il g iU JUS s ¢ g0 (S S 329 «Saiady 98 (b0l i salS (45l

Detection of Fatigue from Electroencephalogram Signal
During Neurofeedback Training
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Abstract

Timely diagnosis of fatigue helps to improve the quality and effectiveness of neurofeedback training.
Neurofeedback training (NFT) is a method that can change brain activity by altering brain signal
fluctuations and teaches individuals to produce or reproduce their brain activity patterns in order to
improve performance. Neurofeedback training has been widely utilized over the recent years owing to
its considerable effect on the cognitive processes. Fatigue during NFT is one of factors affecting the
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functioning and achievement of NFT which results in decreased learning ability. Timely diagnosis of
fatigue during NFT preserves quality of NFT.

Decreased learning ability reduces individuals' motivation for learning during NFT. In this paper, 12
participants’ electroencephalogram signals were investigated to detect fatigue during NFT. Two training
protocols named protocol 1 and 2 have been designed to improve working memory. Each protocol
includes 6 participants and 10 training sessions that each session takes three 10-minute training
intervals. Training features in protocol 1 are increased in power of lower2 alpha frequency band in OZ
channel and permutation entropy reduction in FZ channel, while protocol 2's training feature is
increased in power of lower2 alpha frequency band in OZ channel. Occurrence of fatigue during NFT
changes trend of training features. Changing of training features slope will decrease or become opposite
to the goal of NFT. Therefore, examining trend of training features slope is a novel approach in
detection of fatigue during NFT. During the occurrence of fatigue, in protocol 1, trend of power of
lower2 alpha frequency band’s slope in the OZ channel is decreasing and the trend of entropy" s slope in
the FZ channel is increasing. Consequently, the trend of score’s slope is also decreasing. Also in the
protocol 2, the trend of power of lower 2 alpha frequency band’s slope in the OZ channel and score is
decreasing. This shows that training features do not change in line with the neurofeedback’s goal.
Fatigue was detected for 3 subjects in the protocol 1 and 1 subject in the protocol 2. Occurrence of
fatigue was less in protocol 1 compared with protocol 2 since Protocol 1 s training features are
combination of frequency and non-frequency features, while the Protocol 2 °s training feature is only
frequency feature. Detection of fatigue during NFT is an essential issue which contributes to increase in
the effect of training and participants™ performance.

Keywords: neurofeedback training, training feature, electroencephalogram signal, fatigue.
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(Figure-2): The results showed a significant difference in the extracted non-frequency properties between rest mode and memory
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(Figure-3): The trend in slope variation of power of second lower alpha band, permutation entropy and score of subject 3 at the

beginning of the session 2
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