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A significant challenge in moving SSVEP-based BCls from the laboratory into real-life
applications is that the user may suffer from fatigue. Prolonged execution of commands
in a BCI system can cause mental fatigue and, as a result, create dissatisfaction in the
user and reduce the system's efficiency. The first step to studying and ultimately
reducing the destructive effects of fatigue is to identify the level of fatigue. Although
frequency indices have been used for fatigue evaluation, the results of previous research
in this field are inconsistent. Therefore, there is no detailed and comprehensive
investigation of how fatigue affects frequency indices. In this paper, the evaluation of
frequency-domain fatigue indicators has been done accurately and comprehensively. For
this purpose, nine visual stimuli with different flickering frequencies were displayed to
the subject, and they were asked to pay attention to the target cue. The visual stimulation
presented continuously, without rest to ensure that the fatigue occurs at the end of the
test. Mean amplitude of theta, alpha, and beta bands, and 4-30Hz frequency band
segments with 1Hz, 2Hz, and 4Hz steps were evaluated as fatigue indices. The results
show that the mean amplitude of the frequency band of 8-9 Hz is more suitable for
fatigue evaluation. This index has the most changes with fatigue in a state of wakeful
relaxation of the subject and the mental effort to maintain the level of alertness in the
fatigue state.

“Corresponding Author

Address
Postal Code
E-Mail

Biomedical Engineering Department, Semnan University, Semnan, Iran

35131-19111

Tel  +98-23-31532684

amaleki@semnan.ac.ir Fax  +98-23-31532684



http://www.ijbme.org/

Al anlas eols 8 dles ol (6045 40 ) oled dseus g o0 ey (ol g al> e o allie \_,_.'I

www.isbme.ir /ol 1 (Sog waige Grezeil 50

www.ijbme.org /| A+ +#-QFAD : 59,580l gLl [ Yoo A-OAPA : ol Ll
]] 9 -9 &) (AT

Tf'—ﬁ'ﬂ “f’\ }Hl{ ‘Yl IO)LQ-A:) “? 20)5~>

SSVEP y (oo dil] j— 320 Luly 50 (ol )8 s S 39 3l oolisiwl b ( Scws b5
o e So /! oile cpnio gl
Ol ey biomse o oKisls ¢ K3y i 05,5 (6 5SS gl — !

L)‘)"‘ ¢ul.».o.w‘uL~o.w oKiils ‘L;.w).s ‘swd.‘.e(o 05; s)L:.»iJ‘Q =

Ao wlasico

10.22041/ijbme.2023.560724.1794 : Jls (saulis
VEOY il YRy VEY e VA 1e,S55k VE) oloje VY cailoles o o

ouuS Soals’ slrojly

Bab clb ol a5l Jowily p e (BCI) aibl350 Ly 0,15 a0l ol

Toae sor Gy S plyie 4 (s 0sd Jie (s (S« oKLl 5| (SSVEP)

30 9 055 (B (Sws 4y pie Wilgi 0 BCI i SO 0 laylo 18 o g (sl 2! ol

Cgllasls I3l gl gl pad gl 0ed gt oS ralS 5 ulo )b sl s
Bale cdl>

. ¢ & Sl &l - S - A e e . J

S by cnl 53 i Slagiagh @l Jy Cwl 03 (S b))l lagasls e )

Sasls 5 s il Sieka lp omals 5 585 oy 61 w5y Ol i gned =5 2 slagasls

Oladllas )0 ouds (Syre (Kiwd S 3 sloasli plod dlin cpl o cwl JB uils)s

e & ol sl 550 ¥ 5 Y 55,01 Jsb & llS 3 sl il aiels 5 435

dquﬁbm@ﬁ )‘ célﬁ.u..:‘l.:cs:l.uu sS))?u ‘)5.|a’.l.c o] el 00 @L:))‘ ‘)Jd,éb o

o ,o5 0 Axgi Bas ailis 4 ab atwlys ] 5l g o sols iules aojgw (gl p calisee

abl,= 5 L,
@l Sl eily

Olisebl (3051 slel o Waojgus (abatns 5L ooy Corl il (oo 5 Awgey S50 4 2l
2 slawl als bawgie (il 8 sla als 5l Sond b)) sk 4 050 Jol>
b oolal 5,0 ¥ g 5e ¥ i, ) slapls b 5, -F 558 Wil sla i g Ly AT s
S )l shr s cmlio (aPlE 5,8 A (ol 5 Al aiels Lo o oo i s
i §)lbgn mhaw Lid> (gl (o83 B g ojgm 35003 pae Lo 4 (S cnl ool

Sl Ss Ly ol s

Jgimo (goums 95"

Ol ebioms (ylicans oBils ¢ i3y gwdigon 09,5 Sl
+YVOYYPAT-YY-9A Ryt AR AR EAR AR R Sy A

+YVOYYPAT-YY-AA 518,90 amaleki@semnan.ac.ir  Suig Sl Gy




Al anlas eols 8 dles ol (6045 40 ) oled dseus g o0 ey (ol g al> e o allie \_,_.'I

YY) VEe oYY F N 5ol o oylad V8 0,50 ¢ i) (i (swrkibee (Slne

VWG A oogame 5o (@) WTLP] sl oo Lialisl o)ls 55 03
pae 5o o) ol Dsdise Cuf Grmom laod 5l 5
(3l el Sl ) 59500 (e 31 oS b 4 Do
23 Bl ) AL (Kied g o Ll sglToles clls s
sogame 3 (B) Lo A1 sl oo il (s lten Lai> (ol
Alge Cawd & sl g g laz (g5l el e Y Y
W00 5 Ol § (KKl s ledign Lo 5o gloal 0
Iy

oS53 il olal 1, sle als wlilhe Sy 15
slaoasls plye a4 FFT) “gpm 258 s 5l Jol>
bl b asls cpl ailes,S vy p g slpiin S
byl oS5 5 Lo g WLy Lo g3 zloel el assls
i b o O)90 4 (il B el oS 5 i
Ghoarls g sbl Bon b sime zlsel b aals
ogas V0,8 S asile ilises S o5 slaalslyb 5l [O] aslllas o
oS Loy 9 Gheels Gl g (e Sjpe ) (Sl
sl oo oliiul by om0 sl 35 105 slaopls g o lats
e 02755 b (b S0 28 L ommslin (et )5 (0l 51 B
Wb b aials ggame o Stad o)l sbaie 4 el Sus
oarls olgie 4 ot B asls 5 oad arlxe 0 5 @ ulS
P g (S 30300 (LA @l Ll 0ads e (S
el 00l ondlS )8 2l iolidl e

oolitl slin o5 (sl 35,010 (uilS 8 51 [F] asdllas o
oo ool (S s A lie cdalllae ) 51 o el 00
Ll Sy gl SuppS g Coll ol S bawgs
50 @ S5 G anals gl eslinal L S b))
sl Slae ol oals plosl 0 4 00 & j0 4 o] oS 5
ol 53 slaasl Ginls el 4 Cenl T Sl oS 5 o>
St b Ngd pendl @0 p b ger K0S L S 0)0e
o gre Shge 4 0Fa g o oilS 8 Wb el aiels o5g
=58 Wb Gl e (g ylo g Ol s Lol el asdly o158l
Lol oauis odmliv 0

Sloasls o B g @ @ & wils 3 Wil anels 51 [A] asdllas o
LI @+ a)//; 5 Ua (58 Sl aels o
il o Ko a2l b el oot sslinul Sius
6+ a)/ﬁ ,

b als als a oS3l Al

® Electroencephalogram
* Fast Fourier Transform

¥ grating

oo —)
O i L3I ol o BCI) &b, e Ll s
oly8l 4y Wilgs co (6,9l () i e dloul Wby g ol 81 i
gre p28 Gl JuSw jl ooliiul b b wiS SeS” Jolao 5 ol
DI asls Jpu8 1) o)l olfiws SO
VBl cdls ol a5 Sl ety 5y e sWBCI
ONR) " 155 4y JLSKns S wiile ble (51l (SSVEP)
Soyael 4 yieS 5L 5 [Y] UL (ITR) Teslellbl Jlasl &5 UL
I¥] aitis ooles e BCI glgil plo b anslie o
oz I (omlee plizen gt ol 5o nl 092y b
cdlys pshie A o)l oszy ofge (S
b sl e (53, » Wb ejgw SSVEPsla JUSw
il o ol S 25 g Galejl £53 al iS55 508 (gm0
Lf] 598 059w (Siws el
wibe (Sus jials ¢ly obSuSs iy Ollllas o
Sl uils 3 d0-7] 0o dilisee slagalolly 5l ool
659 St Al B Wlowds s [V] calises S o0
Gl A e (S aies el S el e,
Syt 9 (S 28 sl ulplo 09d o0 059 o Sles
2,08 el Jlwn ()8 (S o) s S Slas
g go odliiul (Sons bl slp oS alahg, 5l (S
abex LIV 5 0 X cal ojgm bawg asliiany JoS
ol 5l eslaiwl oSGl pas by, ol slacasgase
@ ofgm Sl S Crized ol (] BCI (slogina
Gl Bt n 4 lap] Gl 5l g 05 (o Kb S
Gl i 5l eslinel b Sws byl IAl aas
EEG) ol Sellinils Sl JuSow anle  (Sijglpid
ol BCI (slagincns sl (b9, (0 5 celie
10 BCl slopinas 10 (699,9 olaie a0 Ll EEG LK
30 ilS )8 oogaome yo gl bl 0gd g0 a8 )T L
oS R0 1) e iy G5 Ol o0 EEG JUSns
Clg sy Ugaso 35,0 F U /0 oogazme ,o (8) Lo ols
ool gy Uizl a4y Wi o131 L 50sS ;0 (Gues
>l 3l i e A LT osgame 0 (0) W 0sd so
Fr o O 50 5wl Cews 4 lailal 5 oSS
g azg SRl g sl oglllys 08 a8 ey o ULS 5

' Brain Computer Interface
v Steady State Visual Evoked Potential
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