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1.1 O0000ooobogoboood

gobooboo,obogob,obb,0,og,0goboobuooboboonb. bd
gbobboobobboobbuoogbboobboog,boogbbuooobbood
gbboogdgbboobobboodobb.ooobboobbooobbooboobood
gobobuogogbbobooggoboboooooboob.obog,gobboboogd
gobboboodobo,buooobbboooobbbooooboobo.

1.1.1 000o0obod

000, 000000000000000000000000,00,00,00,00,
0,00000000(1). 000000000000,00,00,00,00,00000
0000000000000 0,0002%00000000000000000000
0[2. 00000000 (Newon) 0OOOD0O (Glia) 0000000, 0000000
00 100000000000000000000000O0O0OO0O0OOO0O0O0OO0 [3][4].
g, gy, dUUU,UUUg 4
guoooobobbbboooogoo. bbb ooooo, bbb booooooda
goodddddddddddddddddu,dUUUUUU 4
00 [3][4].

O00000000000000000 Fig. 1.1000.0000000,00 (Retina),
00000 (Lateral geniculate nucleus: LGN), DO 0O (Visual cortex) D00 O0O0O.

gL, UUg o
00 200-2500m 00000000 5. DO0O0O0300000000000000O0O0
0000 Q00”0000 00b00000b0b0U00,df0d HelmholtzO “O00O 30
go0o0ooobooooob,0bboo0b, 000, o0booobooooobooo” O™
00 3000 (Young-HelmholtzO ) DO DOOOOO 5. 3000000000000O0O
000000000, 000000000000030000000 (Cone) 0,000
0 (Rod) 000 40000000000000000 [5[6)[7)[8]. 3000000000
00 560,530,430 nm 000000000000, 0000LO0,MO0O,SO0000
00,00000000000 [5)[6)[7)[8]. 00,00000000000000, 500 nm
0000000000000OO0D0OOO0 6. D00 40000000000000000
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Refinal ganglion cell Koniocellular 4CB

5

Fig. 1.1: Visual information process

gogobobboogog,gobbobbodgggsuoooobbooboobooo,ood
00000000000000000 6. 00,00003000000 SO000000
0O [5)[6[9. DOOD0OO0O0D,SO0000006%000,L000MO00000 1:1
-17.100000000O [6]. OO0,00000000 120000000000, 200
000000000000 6. 0000000000000 0000000,0000
Retinal 0000000000, 00000000000000000000 [5].

Fig. 1.20000000000000000O0OO0OOO0ODOOODOODOOD. OO0
00000000 (Bipolarcell) 0000, 000000000000 (Retinal ganglion
cel) 0ODDDODOOD [5[6)[7][8. D0DODO0OO0O0OD 1000000000000000
gobobooobbbooob,ooobbooobobbooobb1looobbooo
O0000OC0O0O0O0OO00o0UOOOo . ODoopoooOoCoCOOoOooOOoOoO,oooooo
0000000000000000000000000000000000 [2][5][10]. O
0000000 80%0 Midget OO OODO, 00O 10%0 00 Parasold OO Bistratified
0000000000,0000000000000000000000 [2]. Parasol O
gbo,LoooMOOb0boobobooo,boobbooboo,0cbooboboobog
O [5)[10)[11]. D0OD0OD,00000000,0000000000,0000000
00000000000000000 [5][10][11). Midget 000 LOOO MOOO OO
oo0oO0o00oO0O,00000000O0,L0000000 (D)oooooooDooDooDO,
MOOOOODO (0)00000000000000 [5][11). Parasol 0000 0D, O
gogoboobodg,ggobobboog,gobboboooooboboobooood
0000000 [5][11). Bistratiied 00O 0O ,300000000000000000, SO



g1g 00 3

oo0o0o0o0O (0)ooooo,Lo0oMODODODODODOD (O)OODODODODOOOoOooOoOo
2[8][12). DODOOOODOD0O00000000, Midget 000000000000
000000000000000 [212).
O0000000000000,0000000000 (0DOO: Opticnerve) 00000
000000000 00oooo0O0 (LGN)ODOooOo,LGNO0Oooooooooooo
0000 (Primary visual cortex: V1) 000000 [2[5][10][11]. 00000, 0000
000000000 (boO)0ooO0O0o0DU0ooooOoO0ooUoUoooO,0o00 (bo)oo
0000000000000000.0000000000000000000 [5][7][8].
LGNOOOO 6000000000,000 4000000 (Magnocellular layer) OO
0,002000000 (Parvocellular layer), 0000000000 (Koniocellular layer)
000 (Fig. 1.1)[8]. Parasol 00000000 LGNOOOODOODOOO V10 4Ca0 0,
Midget 00000000 LGNOOOOODODOOO V1O 4CA0O0, Bistratified OO OO
0000 LGNOOOODOOOOO VIO ?2/30blob0000O0OOOOOOOO [2][5].
doooooooog,vidoooooooooooooooo,0oo0ooooooad
gdodood, oo ououooo3sguoouooouoouooon
000 [13|]0,0000000000000000O0OOODOODOO [4)000.
vVioooooo 20000 (V2)0ooooo. v20000 (Thick stripe), 00O
(Interstripe), 0 O O (Thinstripe) 0 300 0000000000000 00O0O0OO0OO
000 (Fig.1.1) [5. V1O 4Ca0,4BO00000O0O0O0O0O0OOO0O0OO V2000005
0000/MTOOOO0O0D0O0DO (Dorsal pathway) 000000, OO, V1O 2/30 blob
000000000000 000 V20000,V10 2/30 interblobO0O0O0O0O0OOO
0000000 VvV200000000000040000 (V4)ODOOOOO (Ventral
pathway) 0000 [5][10][11. 000000000000 00000000000000
0,0000000000000000 [5)[10][11].

Ventral pathway

V4
Cone Retinal ganglion cell LGN Primary visual cortex (V1) V2

4 N N 7 N [
% ﬂ Bistratified } { e } 2/3 blob {~| Thin stripe
@K gl Midget } { Parvocellular } ={ 4CB intgr/glob =| Interstripe
|
J

{ Magnocellular } ={ 4Ca }—» 4B =|Thick stripe
2N AN 2N

(color)

i

Dorsal pathway

Fig. 1.2: Diagram of visual information processing
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1.1.2 0JO00o0obogooooobd

gobO0o0O0O0obOO0bOo0obOOooOOo,00b0b0ob0obO0obOboooDOoboobooboo
0000000000000, 0000000000D00000D00000D000O0O000O
OO00b000O000O0obO00oOD00oO0bOO00DOO00oDOU0bOO.D0bD0obObDOobooo
0000000000000 00000o0DOOo0oOoD, 0000000 ooDooooon
0000000000, 00000000D000D00DO00DOO0DO0OO0DOODOODODOO0
00000 [3]4. 000000000000, Fig. 1.3000000,000000000
O000000O000O0.0000,0000000000D000DODOO0DODOO,0000
g0oo00o00o00obOooOoboOo,b0b0ob0obobobobobobo,0DooDOoo
O0000.000000000D000000000000000 (Electroencephalogram:
EEG) 00O [3)[4][15]. OOO0OO,00000000000000C0OO0ODOOOOOO
00000000000 000O0,00000000000 [4]. Fig. 1.3000000,0
000 (Cerebrospinal fluid) 000000, 00,000,00000000 (Meninges)
O000,00000000 (Skull) DODO (Scalp) DODOOODO [1). OOODOO400
0000000000, 000000000000000DO000O000DOO0DOOODOO0
00000000 (D00O0oO0O)[le. ooooooooooooos8oOOo1000Do0O
O, 00000mVOO0OOOOOOO0OOOOpWVOOOODOODOOoOooDon.

Electrode

Scalp

Skull
Meninges
Cerebrospinal
fluid

,\( '\( I I(}H Neuron

Fig. 1.3: Generation and conduction of electroencephalogram

0000000000000 000,00000000000000000000 [5].
gogooboob,bbbboogoooooboboob. bboodg,ooooad
0000,00000000000000000OODODOOODODODOOOOOOO BO



g1g 00 )

0. 0dooooo,oodooobdooonoooooooooooogon,
g, UUUOd G
[13][14][17)[18][19][20][21]. 0000000000 D, 0000000000000000
0000000000000000 [5)722). 0000000000000000, 00
O0000,0000000000000000 (Magnetoencephalogram: MEG) O, OO
000000000000000000 (Electroretinogram: ERG) 00 O00O0O. 00O
0000000000000 000000000O,0000000000 (MRI),000O
00000 (PET), 00000000000 (SPECT), D00 MRI (fMRI), 00000
O (NIRS) DOOOO. fMRIO PET,NIRSOUOOOOOOOOOO,00000000O
0o0ooooooodonoooooodonooodoooodoooooonoon
000 [23][24][25][26][27] 0, 00000000, 000000000000000000
O0. MEGOOOOOOOOOOOO,0000D00000,000000000000
000000000000,0000000000 (15][22]. OO0, 000000000
goodooooooooooo,ongooouoooboooooooooooon
oo, 00000, dogooogoooonooooooog,ogon
godoobooooooooooobooooboooooooboooon.

1.1.3 UDO0o0oooboooood

000000 (Visual evoked potential: VEP) O, 000000000000 0O00O0O
0000000000 2000, 00000000000000ODOOO0. DOOOO
O,“0c00bobo,boo0oobooooobooobooooboooobooobooooD,o0obobOoo
000000 (timelocked) DOOOOODODO (event related) 0000 O0O0O0O0OOO
O0”000000[28]. 000000 VEPOOOO, 0000000000 O0OODODOO
00000 (Somatosensory evoked potentials: SEP), 0000000000 OOOOO
00000 (Auditory evoked potentials: AEP) DO OO0 [28]. OOOOOOOOOO
Berger 00O 1929000000000, 0000000 18000 1947000000
O Dawson 0 00000000 0OODO [16). 0000 DawsonOOOOO0OOOOOOO
ooooobooooooooobbooo,booboooooobobooooooboooboboooo
[16]. VEP O 196400 Cigarek 00 Gastant 00000000000 O0OOOOOO
00 [11][16], 1970000 Halliday DO OO0 000000000 OOOOO VEPODOOO
0000000000000 000000000OoO 1 oooo,oooooooo
goboboooooooboobooobooobooooobooboon.



g1g 00 6

1.2 000O0O0O0OO0ODOOO0O0O

veEpOooooOoooooooobooob,booobooobboobbuoonbbg
go.o0odb,0j0oboobboobuooboo veEpObOboobooboobooo,
gboooobogooob vepOoooooobooo.

1.2.1 0OO00O0OO

gogbobbb,bugogobbbbbuoooobbob,bouooooobbbod
gobobobuoogooob,gogbboboooobobbooobo.obboboood
000000000000000000000,0/000000000DOOoOoOO0O0
O00000ODOOOOOOOOOOO (16 DODODOODODODOODO, Fig. 140000
010-200 30)]0 0000000000000 OOOO0OOOOOOOO. VEPODOOO
0, Halliday DO OO DO0O0OOOOO (Queen Square O 0O) [4][11][16][31]0 000000
O0,00000010200000000000000 [32). oOoOoOoOoOoOOOOOO
20000000 obo0oboobobobob.obbobo0oboobobbo2b000,1
0000000 (Reference derivation), 00 10000000 (Bipolar derivation) O O
. ggoobb,bbbbbboduoooo,ooobobbbbbboodoooood
O0,00000000000000.0000D00O0,000000 (Fig. 1.40 Al, A2)
gogobobbtoooogobbbo,gooobbbboooo,gbbobobooood
gboboobobooboboob,bobboboobobooboboobobo
0000000000000 00oooooO0o0oOo 16 booooooooooooo
ggobobbbbbododoooooob. obbbobob,bbbouuooaoo,ad
oobooboooooboOo,00obbo0obboob, 0000 ERGOODOOODOOOOn
00000000000,00000000000000 4.

goboooooboodg,bbugobbuooobbooobbuooobboooboa
O00.0000000,00000000000,00000460 (05-4Hz),600 (4-
8Hz), a0 (8- 13Hz), B0 (13Hz-)00O0DO0DO0 [4[16. 000000, 25- 650
O00000000,20000000,650000000000000[16). OO0OO
goooooooooo,0b0oo00oboob0 VEPOOOOOODO,0000000 VEP
goooodb.gobooboobowpvbbooboob,bbobog pv-00 pvd
000000 29 00000000 VEPOOODODOOOOODODOODODDODOODOOOO
gobobooodg,bbdggbooboooobbboooobbboooonon.

1.2.2 OOO0OO0OOOOOO

gbobooooboodgb,ggobbuogobbooobbuooobbooobod
000000000000000000O0O0O0OO (4)16]. booDOO,0000DDOOO
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Fig. 1.4: International 10-20 system

0000000000,0000000000000000000. 195400 Dawson O
00000000000000000000,0000000000000000000
0000000 [4)[16)[33. 000,000000000000,00000000000
000000000000000000000000000.
0000000000 Fg 1.5000000,000000000000000000
0D00000000000000 (Segment 1, Segment 2, ...) 00000000 (Trigger)
00000000000000000 [33)[34. 0000000000,00000000
0000000000000000,00000000000000000000000
0000000000000000000000.000000000000,0000
000000000000000000000.

1.2.3 0O000OO0O0O0O0O0O00O0O0

l1gobooobg,obboobbooboooboobbooboobboob
ggoboob,buogggobbobbooooobbbbboooogobobo,uoood
gbobooboboooboooooo0o. booo,b0oboboboo LGNOOobODbDOoD
gbobogobobooogbobooobbooobo,obboogbbooobbood
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Segment 1

Segment 2

Segment 3

Segment 4

Average

Triéger

10 uv

200 ms

Fig. 1.5: Averaging method

0000000000000 000O00O0O00OO 11, 0000 VEPOOOOO,000
UO0000D000 checkerboard DO OO0 grading OO O OOOODOOODOOOOOO
gbobobooobobobooobobUoboooooboboooDoo.ooboboog
00o0o00obOo0obOoooboOo,bob0o0oboo,b,0bob0bo0oboo0boobo,ooa
gobobooobobooobobooo, bbb oooobooooboog
O00000000000000000O0 [11)29. 000000000 OOO, 00000
0oooboooboooboo. boobg, 0o b0oobooobooooooog
00000000000,000000000000C0ODODOOOOOOOOO [11].
O000000000000D000 VEPOO,0000000000000ODO (ODDO0O0O)
0000 transient VEP O steady-state VEP O OO 20000000 (Fig. 1.6)[2][11].
transient VEP O, 000000000 DO0O0ODOO0OD0DO0OOOODODOOODOOODOOO
0ooooobobooobobooobobo VEPO,DOODO0ODOO 1Hz2OOODODOO
0O (Fig. 1.6 (a)). OODOOODOOODOODODO VEPOO,00 (DOOOOODODODO)O
msO00000 (N75),00 100 msO00000 (P100), 00 145ms0O00000O (N145)
000000000 [2[11). D000, transient VEPO O OO OOOOOOOOOOO
O0000000000000000 [211). 00000000000000O, N750 V1
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04CO0000000C0O0O, P1IOOO VIO 2/300000000, N1450 V1-V3OO
O00000O0O0O0O0O0O0OOODOOOOOOOOOO [211). DOODOO 35 H2000
goboboogooob,1oboboobobb bbb oooobbouooooob, g
gouooobbbbboooo,gguoooobbbbboooooooobbb.ood
00000 VEPDO steady-state VEP O OO (Fig. 1.6 (b)). steady-state VEP O, OO
O00000000,00000000000000 (First harmonic: 1F) DO 0000 2
0000 (Second harmonic: 2F) OO0 0000000000000 O0OO0O0O0O0O0O (Fig.
16 (c), 000000DOCO000ODOOO0OODOOOUDOOOODDOOODOODOOOOO
OO0 [2)11]. bO0O0O0O0O00000D0D0D0D0O0O0O0OOOOOODODOOOOoOOO, O
000000000000 0oooooooOoOoOO [35)[36][37. DOoOOoOoOooooO
0 Complex demodulation J 0 Wavelet 00 D0 00000000000 0OODOODOOOO
O [38][39][40]. OODOOODOODOO, steady-state VEPO O DO OO OO OO, transient
VEPOUOUOOOOOODODODODODODOOOoooooo 211]. ooooooooooo
00O, transient VEP 0 0 0 0 steady-state VEPO OO UOOOOOOO, 0000000
0000000000000 0000000 [2)00), transient VEP O steady-state VEP
0000000000000 00000O000OoOoOOoOooooOoO (2.

(a) Transient VEP
5uv
P100

1 1 1 1 |
0 100 200 300 400 500
[ms]

(b) Steady-state VEP I5uV (c) Power spectrum of SS VEP

S MM S MM T el

| | | | |
0 200 400 600 800 1000 . L . .
[ms] 0 10 20 [Hz]

Fig. 1.6: transient VEP and steady-state VEP
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1.3 0O0doooobobobobuobuobooood

veEpooooDooooobooooboobooobbuooo. booo,oo0bbooobog
goooooobooboobooboo.oooo, VEPOOODOoobooobooo, g
gbobdobgoboboboooobobobobobob veEpOOOOOODOODO.

1.3.1 0000

ooooooo00 VEPO,0000000000000,000000000000A0
ooooooooooboooooooooboOo,obooooooOo,00obooOb0b00oooo
00 [16)29]. DOOODDOODOODOOODOOOOOODOOOOODDOODOOODOOO
ooooooooobooooooooboo,boooooobo0oOoooO vVEPODDOOOO
000000 [41)42]. 00, 0000000000000000000000O [43].

Ooodoooooodod VEPOO PlooOO0OO0OO0OOOO0OO0O0O0O0O,P1IO00O0OO
ooooooboooooo. ooobouo VErpOOOOO, 0000000000000
0000000000000, 0000000000000000 [16)29)000,00
ooooobooooooboooos3soooooobooooobooooooooooboOooo
0 [16]29]000. OO0, Pl00000000D000O000O0,6000000000000
[29]. OO,PlOO000O0O00O0OO,0000000000000000O0 [29).

Fig. 1.70 ERGO VEPO OO OOOOOOOOOOOOO0OOOO0OOOO0OO000OO0 [2].
0000000 ERG (Flash ERG) D000000000O0O0O00O (Retinal dysfunction)
000000000,00000000000 ERG (Pattern ERG) 000000000
000000 (Optic Neuropathy or Maculopathy). 000 0000000000000
VEP (Full-field VEP) 00000000000, 000000000000000000O
0000000000000 (Prechiasmatic Lesion) 00 0000. 000000000
oooccroMRIODODOOOOOOOoOoOoOOoODOOOO,0000000 VEPOOO
0000 2. 00000000000000D00O0 VEP (Hemifield VEP) OO, 000
0000000000000 (Retrochiasmatic Lesion) 00, 000000000000
oooooooooooboboobobobobbbbbbbObObOObOULO.Dooboooooo
Oooooooooooooooo vepOoOoooooooooooooooo,000
000000000 VEP (Multimodality VEP) DO O000OO.

1.3.2 OJO0O0O0Obooogd

gogbboobbodudg,ggobbobboooogoboboooo,gobboobbod
gobbobooooboboboooooobobooodo.obbb,o0oobbbooon
gooo,bggbobooobbooob vepooooboooobb,booobobo
00000 VEPOOOOOOOODODOODOOODODODOOOOODODODOOOOOOO [44].
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T[Normal]—» Multi/n];(i)dality

Normal]* Her\r;iF:lf;leld

e R

T[Normal)% Pgtlie(}m L@bnormaD»(Preg:isorgaﬁ(D

Flash Optic Neuropathy
ERG L@bnormal or Maculopath;)

Retinal
L@bnormal dysfunctio

Fig. 1.7: Algorithm of sequential steps which process visual function|2]

00ddooooooobooog,dooboboboboboboodddd checkerboard O O O
Jdooooboooooob VEPOODODDOOO, 000000000000 0000
0000000000000 0000O0000 42 0000000000 OooOooOOoO
000 (0D0)0000000 VEPOOOOOOOO,00000000000000A0.
0000000, Regan O Celesia 0000000 00 [39][46][48][45].[49][50]. Regan O,
O00D0000000000D00O0O steady-state VEPO O, 0000 O 10 Hz, 16 Hz, 40
-50Hz000000000030000000000000000D0 [39][46][48]. 300
steady-state VEP O OO OO OODOO0OOOOOO,0D0000000O00O0000,000
godoobooodoonooonooouo. gooooo,boogogooooon
000ooooooooo,1F000o0o0o0n0 10Hz 20000000 5HzO VEPO
00000000,0000000000000000000000000 [45]. Celesia
00, steady-state VEP O O DO UODUOODODODOODOOOOOODOOOOODODOOOOO
(critical frequency of photic driving: CFPD) 0000, 0000000,0000,00
0000000000, 00000000000000000 [49][50].

0000000,0000000000,VEPOOOOODOO0000000 [48)[51][52),
000ooooooo,00db0bo0o0 VEPOOUODO ERGODODOOOODO, VEPOOO
000000000 VEPOOOOOODODOOOOODODOO [B1). OO,0000000
goooooboodooooooogon, ooooo, ouon, 0oogoogn
oo0o00oO0OO0O000000DOoOoooO, 0000000000, 0/00000000
0000/000000000000o0 vVvEpPOOOOOOODODOODOODOOOOOO
[B3][p4]. OODOOODO, 00000000 OOODOOODODOOOODOOOO,DDOOO0O0O
000000000 (0/0)00000 (0/0,0/0)000000 [55,000000
U, 0dgobgogouoooooon.
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1.4 0O000O0O0O0OOOOODOOOOO

gooo,vepOooooobobooooobobuoooobobob.obpoooboon
O,vEPOOOOOOoOoOOoOobooOOoOoboob,booboboobobooobooboog
goooo.obgb,b0boo vepODODOOODLOO,0000000b VEPOO
o0,000000000000O00DbO0O00O00O0O00O0O0bOO0bO. 00,0000 VEP
gbobogoboboodgbboogbbooobbo,bbooobbooobbood
oooo0.bobOo,00000 VEPOOO,00000,00000000000¢0O
gobooogd.

1.4.1 0OJ00U0obobooooooboboboooo

VEPOOOODO,0000000000CO00O0 (bOooooU0oO0)ooooogod
ooboo,000b00boogoboob,0boo0boo0bbo0ob0o VEPODODOOODOOOD
gobobobuoooobbobooodo. gob,buooobobobuooooboboboood
gogbobbbboooda,gbbbbouoodgbbb,booooobbboboooad
UaoOO0OO0O0ODO. OO0, 00000000000000000O0DODOO0O0O0,00000
gobbobuooobbboooobbboood. gobbboooob,boood
goooooooo,vepOoooooooboobooboob. ooboo,o0og
veEpUOOoooooooo,gbodbooobooboobuoobooobon.

gb,00b00b00boobboobg,bboobooboobbooboob
g, ggbogbbobbuodgbooboobboobuooboobboob.oonb,d
OO0 vVEPOOOOO, 00000000000 VEPOOOOODOO,VEPODOOODO
giloboooogobbuooobobooo,bbogobobooobbbooobobbood
gbob.od,bbugobbuoogb,oobbooobbbooobboa,bbood
goboboogoobood.

1.4.2 VEPOUOUOUOOOODODODOOO

000000000000000,00000000 (Dominant rhythm) 00000
10H000 «00000,000000000000000000000000000
00000000000 4. 0000000000,0000000000000000
000000 VEPOOOOOOOOM. 00,00000000,0000000000
0000000000000000“0000007[6]0000,0000000000
00000 [62)[63)[64)0, VEPOODOOOOOOOO0OO0OO00OODO [65)[6667).

00000 VEPOOOOOODOODOOOOOD,00000000000000000
0 VEPOOOD,000000000000000. VEPOOOOOOOOOOO0O00OO
00000000,000000000000,000000000000000,00
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gooobodoo,ogbooboobooboooob. oo, veEpOoobooooooo
gboo,g0booboboobboobboooboo. bo,o0bbooobooobo
gogobobobooogg,bbobboooogbobobboooogobobog,ood
gboobgooobobobooobobobooo.oob,veEpOOoDoOoooobDooDO
gooooo,oboobobooob,0bbooboobuoobboooboo, VEPOO
gooobooboo,boobooboboobooboobobooobo. bggbo, VEP
gobooooboodbbooobbooobbooo,boobbooobbood
uo.

143 U00000O0O0OO0OO0OO0OO VEPOOO

gboogveEpOboDooo,0booboobodgb VEPODOOD, 00000000
gboobgo,oboo veEpOobooobooooobo,obobooobobobonboo
gooboogobboooboo. ob,bbooobooobboobooo vEPOOODO
gg,b0bbboggogboboooooo,bbbboooooboboobobboooog
gobbbuooobobboboooobbooooboboobog.

1.5 O00O00OO00OO0OoO0On

0000000,0000 VEPOOOOOOOOOOOO,0000,0000000
0D00000000,0000000 VEPOOOOOODOOOO00000000000
0D0000,VEPOOOOOOOOOO0O000000000000000.

0000000, Fig 1.8000000,0000 VEPOOOOOOOOOOOOOO
0D0000000,VEPOOOOOOOOOOOOOOO0000000,0000000
D0000000000000 VEPOOOOOOOOODO0O0000000000, 03
0Doooooo0.

VEPOOOOOOOOOOOOO0O000000000,VEPOODOODOOOOOODO
0D00000,00000000000000000000000000000. 0000
00,00000,00,0000000000000000 [68][69)[70][71][72][73][74][75]
00000000000, 0000 VEPOOOOOOOOOO0O00000000000
0,00000000000000.02000,00000000000000000
0000000000000000 [76).

VEPOODODOOOOOOOOOOO0O0000000000,VEPODODODDODOOODO
D00000000000000000000000000000000000000
00.00000000000000000000,0000000000000000
0000000 [7700000,0000000000000000 [78)[790000, 0
000000000, 00000000000000000000000,000000
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000000000000000000000000000000.030004000,
0000000000000 (800000, 0000000000 VEPOOOOOODO
D00000000,0000000000000000000000000000. 0
0000000,0000000000000000000000000000 [81][82).

03000,00000000,000000000000000000000000
D0000000000000([83). 04000,03000000000000000
00,00000000000000 [84].

0000000000000000 VEPOOOOOOOD, 00000000000
0000000 VEPOOOOOOOOOOOOOOOOD, 000000000000
000000000000000000.

0D50,06000,0000000000000000000000000000 VEP
0000000,00000000000000000000000000000000
D00000000.0000,0000000000000000000000000
000,0000000000000000000 VEPOODOOOOOOOOOO. O
D00000000000000000000000 (simusoidal modulated light) O O
00000 [45][46)[48][56][57), 00 00 000000000000000 [53][54. 00O
000000000000000000000000000,000000000000
D000000,0000000000000000000.000000000000
0000000,00000000000(190,ERGO000000000000 [58]
00000000000, VEPOODODOO,0000000000000000000
D0000000000000 [59)[60)]0, 000000000000 10Hz200000
0,00000000000000000000000000000000000000
00000000000000.05000,0000000000000000000
000,000000000000000000000000000000000000
VEPOOOOOOOOOOOOODODODO0OO0O0O000000[85). 06000,00000
0D000000000000000,000000000000000000 VEPOO
0D000000000,00000000000000 VEPODOOOOOOO0O0O0O0O
D00000000000000000 [86)

0D00700000,VEPOODO,00000,00000000000000000
000,000000000000.
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Fig. 1.8: Structure of thesis
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20 UOU0OOOOOOOOODODODOMO
HRERERERE

21 0UOO0O0OO

000000 (visual evoked potential: VEP) O, 00 00000000000000O
00000,000000000000D0000O0OO 2. VEPOODODOOODOOOODOO
gy, UUUUU U4
go,b0bobbgdgoooobbooo,gobbbboooooobbbouooa
00000 [43]. VEPOOOOOOOODOOOOODOOOODOOOODOOOO,0000
000000000000000,000000000 (00000 O0)O,00000
gooboobooooooboobo,00oo0oboboobooo. obobobo vErpOOOGOoGO,
gobooobooooboboobbuooobo,bbooobboo. vVvEPOODOOO
gbobooboboobobooboboo,oboobobooboboobobo
O00000O0ooooooo,0o0o0o00 VEPOOOOOOOO 1), 00000, 0O
gooobbbtooooooo,buoooobobbbo,goobbbbooooa
goouobobobobobbuooodou. b ooooooobobobobb,ooooog
gooobuooooobbboooobb,0booobnbbbooo. VEPODODOO, O
gy, UUd4g g
gobobO,0dtb vEpOOouooobooooobboboooooobo.

gogodo,bb, 0o booboboboddoooooo,bbobooog
0000000 (87, 000000000000 (68, 00000000000 [88]69][89],
000000000000 [70][7)[72], 0000000000 [90][73][91][92] D0 00O
godt. oo, bbb oboboboboouoog,obbooobooogd
000 [740,0000000000000000000000O0DODOOOOOOOOO
[7500000,0000000000000000000 [68][69)[70)[71][72][73][74][75]
goood.

0000000,0000000,VEPOODODOOODOOOODOOOOOOOO 93)0,
0000000000000 D0O000,00000Dooo 949 o0o0ooooon.
gboo,0b0ob0 VvVEpPOODOODODOODODOODODODODODODOODOO,0bOobDODO
gogoooooo,bobbobboooogaag.

goooooooboo,veEpOooobo,g0bobboobbbooobbooooboobg
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0000000,000000000000000000T19]. 000000, VEPOO
gbgbooboboo,oboobobboobobobobobbooboooobobo
gooooobogoob,vepOOooooooboobooboboobooo. VEPDOO
gboobogbobo,bobooboobobgoobobo,vepOOOOoooDoOoODO
ggobobboboboodogo.bbbouoggooooobooboodogg,oooad
gobbobbbuoooooobob,bbbbdd cgggobbbbbto. goog,od
gogoboobboooogoboobb,bggogobobobbooooooboboog,od
gobbobuooogbbboooobobbbuoooobb.bboooobobb,o0d
VEPOO 1000000,0000000000000O0.

2.2 VEPUOUOUUOOUOOOODOOO
2,21 viEPUOUOUOUOOoOoooOoooooODOO

gbobo VEPOOOO,0000000O0DODOOO0ODbDOODbOobOOoOobOoDg, Fig.
21000.0000000000000000 VEPOOO (conventional VEP recording)
00,0000 (measurement equipment) 00000 (subject) 00000 (visual stimuli)
O000,00 (EEG)0D0000.00000,000000 (stimulus genera-tor), O O
000 (biological amplifier), 0000000 (signal analyzer) D0 O0OOO0O0. ODO0OO
goo0o,0b0o000000obobob0O, LEDODO0DOOO0,00000bObObO000oon
goob.jodbbog,bbooobo,0bogboboo vepOOobOooooboboond
O0000. 0000000000000 VEPOOOO (recorded EEG and VEP) O, O
00000000000 (medical doctor or medical technologist) 0000 O00. OO0,
gobooobooo vepO oo, 00bbooobbodb veEpOOOooobooo
O00000,00000000000000000000000 (instruction) 00O
goo,vEpOooobobooobboodb,boobbuoouobbuooobbuoon
godd,ggoooooobobbbuooooog.

0000000000000 (real-time evaluation system) O, Fig. 21000000
gooooobbbb.goobobbbbboo,oooooooobbbbobooood
0000000000000 (EEG data and recording condition) 00000, VEP OO
goboboogoobbuogooobouoooob,oooboboo.obob,od
gboooooobobob,veEpOOoboboooobooboboooboobo.bo
g,bo0gdb vepoobobooobboooobbooo, bbb obooo.og,
goodoooooooboboooo, oo oooobbobbboooooo.

00000000 VEPOOODOOOOOOO,VEPOOODO (state of VEP appearance)
000000 (state of subjects) D0 O0OO0O. VEPOOOODODOOOO, VEPODOOO
O0000000000000 (averaged waveform and power spectrum) OO0 0000
O00,VEPOODOOOODOOOODODODOOOOOOOOOO (characteristic parameters)
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conventional VEP recording real-time evaluation system
GED GED Gl Gl Gl GED GED GED T
measurement equipment l e state of VEP appearance
] o . EEG data and e averaged waveform and
| visual stimuli | ¢ gtimulus generator lrecor ding condition power spf.:ct'rum
| e biological amplifier e characteristic parameters
ﬂ» ] & P I e comparison with data base
| ' e signal analyzer
subject l e state of subjects
| recorzlie\(lilgiG l e blink artifacts
| an e EMGQ artifacts
l e posterior alpha wave
: instruction - l evaluated state of VEP recording
| medical doctor or
medical technologist l

Fig. 2.1: The concept of conventional VEP recording (broken line) and proposed structure
of VEP recording including real-time evaluation system.

gooood. oo,0oodgooooon,0obddooooonoooooooon
00000 (comparison with data base) 000000, 000000000 OOOO,
VEPOOOOOOOOOOOOOODODD,0000000O0O (blink artifacts) 0 0O
00000000 (EMG artifacts) 00000, 000000000000 aO (posterior
alpha wave) 0 300000, 00000000000000O00OODO.
oooo,VEPOOOUOODOOOoDoOOoooooooooo,0b0booboooooaoa.

2.2.2 VEPOOOOOODO

000000000 VEPOODOOD,0000O0000O0000000,0000000
00000000000000. 00000 VEPOOOOOOOOOOOOOOO,00
[85)00000000000,00000000.0000000000000000,0
00000000000 VEPOOOOO.OO,VEPOOOO FFTO00000O0O0COCO
000000.0000000000000,00000000000000000000
00,0000000000VEPOOOOOOOOOOOOD. 0000000000, 0
0000000000 (IF00),0000020,30,40000000 (2FO0, 3F0
0,4F00),00000000000,0000 S(f,1), S(f,2), S(f,3), S(f,4), S(f,a),
(= S(f,1)+S(f,2)+5(f,3)+5(f,4)000. 000, f00000 [HZ ODOD.000
0000, 1F00,2F00,00 1IFO4F000000000000O0 VEPOOOOO

000000, A(f,1) =4/S(f.1), A(f,2) = 4,/5(f,2), A(f,a) = 4,/S(f,a) 00000

85 VEPODOOUODO,IFOOOD22FO0000000O0O VEPOODDOODODDOOODOOO [%)
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0000,00000 R(f,1)=S(f,1)/S(f,a) x 100 [%], R(f,2) = S(f,2)/S(f,a) x 100
% 00000,

0000000,00000000 VEPOOOOOOOOO0O0O0O0O000000O00.
00000000000,000000000000000000000000,000
000000000000000. 0000,0000000 VEPOOOODOOOOO
0000000000,000000000000

223 0JU0O0OOooOoOoO
guoooooooo

0000000000,0000000000000000000000000000
0.00000000000000000000000,00000000000000
0D000O00. VEPOOOOOOOOOOOOO0O0000000000000000
000000000,000000000000000000000,00000000
D00 VEPOODOOODOOODOO.
00000000000000000000000([95)000000000000, VEP
0000000000000000.0000000000000.00,0000000
00000000000000000000000000000 0000000000
000,000000000005H2020000000000000000. Fig. 2.2
00000000000000000. 00000000000,00000000, #,
#,#00000.000030000,0000000000 AL(z,t?), Ay(x, ) [wV] O,
000000 DL(x, ), Di(z,t*) s|00000.000,00000000000000
(AL(z,t7)/(DL(z,#))00000.0000000000000

AL(z, ) > 30 [uV] (2.1)
Alp(x,t7) > 40 [uV] (2:2)

0.237 < D (x,t7) + Db (x,t*) < 0.52 [s] (2.3)
(Ap(w, 1)) /(Dp(x, 1)) 2 200 [uV /5] (2.4)

ooooodo,o (21)-(24 000000000000, 00®0000000O00O0OO
gobobogag.
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A,’;(x, tr)

A é(x,tp)

Y

<+
| Dixtr) | Djxn)!
| I i
|
t

! !
f tr th t

A\

Fig. 2.2: Parameters on blink artifacts detection.

gobboogbobuogogbbooobbog,bbooobbooobbbooobod
O0000000000.10000000000000T [s),000000000000
gbooobobobobboo NpUObO,0b0b0bOoboobog

Rp = Np/T (2.5)

000000000000 00000ooooooD.O(2b)000000000000O00O0O
goooooooo,booesd0n0

Ry >0 (2.6)

gbogobgob,bbobbooboobooboobuoobgoobobobob.

Uil oU

0000000000000 0,0000000 «0 (DODODODODODO)OO0ODODOOO
go. vEpOoobooooooob,boobobobooboboboobobobg
gobbbbodoodoao, bbbl «tbbbtooodgob,bbooooobbbooad
gogogobobooob. obbo,bbbbouggdg,gooobobboobboodoooood
gogob,dbobbbbaoebbbodooooooobb. bbb,bbbbddddadd
gboboobodgo,gggbbuogobbuoobbuoobboogbbooobbood
gobboooogbn.

00000000, complex demodulation (CD) O [97/0000. CDOO, 0000
ggoboboboooogobbobbouoodg,obbobboooogoboboog,od
O00000000000o0.cboo0,00oooO0n f,[Hz), 000000 f. [Hz] OO
000, fo+f.[Hz]OOODOO0OO0O00O00000000000. «008-13[Hz 00O
000000000000,8([H7013[H0000000 105 [H000000 fo, a
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000000000025 [H000000 £,00000.000,CDO0O0O0OOO0
00000000000000,00000000000000000000000 [9§]
0000,0000002000000.0000,CDO00000000z000¢00
00000000, Au(z,t) [wV]00000. «000000000000000,0
00000000000.00000,007 V00030000000 00000
000 40000000,000000000, A.(z,t)00003([000000 10
[wV]0000000,e000000000000.0000000000,a0000
0000000000000000000000000000.
1000000000000007[§|00000,«00000000007,[s00,
00000,e000000

R =Ta/T x 100 [%] (2.7)
Jddddo.ddd0odooobb, 00000 R,O0O0oooe, 00O
Ry > 0, (2.8)

gobbobudd,«dbbbboogoboboboogobn.

gobobooogn

gbgbuodbobuobooobobooboboobobo,bobobooboban
0000000.0000000000000000000O, VEPOOOODOO (2F, 3F,
AF00)0000000,00000000.

ooo00oo0ooooooooo cboboboOo,bobobooboboobooobo. oo
gobobogboboobobgooboob,vepoooboobobooboobog, 30
-50 [Hz]0ODO. 00000000 0,CODO00000O00D0O0O00040[Hz,, 0000
010 Hz]0OO. «00000,002000¢t000000000000 Ag(z,t) V]
O000.00000000000,000000000000000, Ag(z,t)000 0.05
[j00C0000 10 wvV)|DOOOOODO,00000000000000O0O0DOODODOO
goo.

00000000, 0020000100000000000000T [sJOO0OO
000000000000000000 Te(x) {00000, 000000000000
oo

Rp(x) =Tg(x)/T x 100 [%] (2.9)
O0000.00 Re(x)00D0DOODO 0000
Rp(z) > 0 (2.10)

gobbbuood,bbuooobbbuooobobbbuooobobboboood.
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2.3 OO

23.1 UO0O0UOOoObOOOOOd
godd

0000000000000000,00 (850000 VEPOOOOOODOOOOO
0.0000000000000000,000000000000000000000
00200,00000000000006-18[H7 0 140,000000050(s]00
0.00 10200 [30])0000 1000 (Oz, Pz, Cz, Fz, O1, 02, P3, P4, T5, T6) 00, O
00000000000000,000000000 200 [Hz, 0000000 0.53 [Hy
0,0000000060H0000000000000, VEPOOOOD. 0O0OOOO
0000100 (D000 A-J,21-240,0000)0,100000000000,00
900000000.00000,00000000000,00000000000,00
oooo.

00000000000000000,00000000000000000000 Fz,
000 «00000000000000 0200000000000,00000000
0000000000000000000000000. 000000000000, 0
000000000 #3=02000a006,=30[%,00000000000000
0000000 =30 [%000.00,000000000,000 «0,00000
0000000000000000,00000000000000000000000
0,0000000000000000.

goooo

O0000000000,00000000000 (dynabook satellite T31 186C/5W, O
0)0 ADO OO (CBI-3133B, Interface) OO OO0, 000000 COO (Visual C++,
Microsoft) OO0 O0OOO. VEPOOOOODO, 000000 (VSGThree, Cambridge Re-
search System), 000000000 (HM903D B1, iiyama), 0 0O (Neurofax EEG-4524,
O0000)0000. 0000000000000 00000O0O0,00000000A0
0000000000, ADO0O0OO0ODOOO0O0OO0OOOODO200 [Hzl000C0OOOO
ogoog.

gobbobooggobbodd

Fig. 230 000000000000 DOODOODOODOOD. ODOOoDOODO
gboboooboobobooboo,obooboboboboobobbo20000
O0000000o0o0o0o00oo0oD. o00ooo VEpPOOOOoDOoOOoOoOoO (O0: 00,
0. 000)00000,000000000000000,000000000000O



20 0O0O0ogoobbobooogboboboood 23

gboboogdoboboood. bboggbb,0obboooboboogbbooobood,
Ubdoeb,0000000000000000O00O00OOOCODOD,000000000
gobobobuoooobbobooooob.bbobuog,bbobbuoooboboboood
gbobbogoobodg,bbtb«b,gdbbboobbooobbboobobbaon.
go,ogdgobbuogobbbooobbog,bbbooobbooobobooboaod,
gobbbooogbbbuoogooboo.

‘arameter Set  ParameterReset  Awerage or Time series

Display Task All Task  Display Electrode

Tenporal Frequency © 12 00[Hz] Square

A [uV]

5.3

BG [%)

_LJLM_ o

12.0 24.0 36[Hz]

VEP [pV]

1.2 1.1

0.0

61.9 |

Alpha: 3.2[%]

Blink: 0.5

1F: 4.94

1.5

0.0

0.0

2F: 0.85

0z Time Series

Total: 5.02

r

0-10s

10-20;

12030

T

0.0

Ratio [%]

75

25

5
O 1F

10
[ Jvig

15
@ whole

20|
[Hz]

6.00

7.00

7.50

8.00

8.50

9.00

9.50

10.00

10. 50

11.00

130408

11.50 | 12.00 15.00 | 18.00

Fig. 2.3: An example of screenshot of real-time evaluation system

23.2 VEPOUOUOOOOO

Fig. 2400,100000 (000 J,21000)0000000000000000
0 VEPOOOOOOOOOO,0000000000000000000000000
0. Fig. 24 (a) 00 VEPOO, (b) 0 1IFO0, () 0 2F00000. 00000000
0D000000,0000000,000000000000000000000000
0D0000,00000000000,0000000009000000000000
0D0000000000.000000,00000000 VEPOOOOOOOOO,O
0000000000000000000000.

Fig. 240000000, 0000000000000000000000000,0
000,100000000000000000000,00000000000000



20 0O0O0ogoobbobooogboboboood 24

O00o00o0o0.00,000000030000DDO0O00 (O VEPOO,1FOO, 2FO
0)010000000000000000000O00.O0OoDDOoOoOoOoOOOO, VEP
gobbobuoooobobooboooo,boooobobooog.

(a) whole component
————————

s 10 15 20
temporal frequency [Hz]

—O—: current record

Fig. 2.4: Characteristic parameters of VEP vs. temporal frequency. Amplitudes of VEP
for (a) whole component, (b) 1F component and (c) 2F component.

233 0O0OO0O0OODOOO

gbobobobobo,oboboboboob 1104, Fig. 25000, Fig. 250, 0
001(24000)0000,00000000000,00006-18[Hz/000000
0000000000, Fig. 25(a) 0, 000000000,000«0,0000000
O00000300000,00000 (25),(27),(29000000000000000O
gbbodb.bodg,uggbboobuaboboobba,boooboobboobbo
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00000000000. 000000000000000000,100000 100
000000 (000050[s) 00000000,00000000000000000
00.00000000000000,000000000000,000000000
Fig. 25 (a) 0000, 6000000000,000 0000000000 33.1 (%], 0
000000000 (0000). 70000000,0000000000000000
0000000000000000000000 (0000).0000000,0000
00000000000000000,00000000800000000000028
000000,00000000000000000000000

Fig. 25 (b), (c), (1) 00,000000000000000000,000 0,00
00000000000000000000000000. Fig. 25 (b), (¢) 00000
0000000000006000700 0000000000, Fig 25(d)0000
000000000000000004000000000000. 00000000,
0000000010000000050[5|0000,00000000000000,0
00000000,000«0,000000000000000000000000. 0
0,Fig. 25(a)00,000000000000000,000000000000000
00000000000. 000000000, Fig 25 () 00000 «000000
00000000000, Fig. 25 () 0000000000000000000000
000000000000000000. Fig 25()00000,000000000
000000, (b), () 000000000000000000000.

234 000000 VEPOOOODDOOO

000000000,VEPOOOOOO0O0O0000000,000000000000.
Fig. 26 () 00,000 G (21000)0000000000000000 12 [H7 OO
00000000000,00000000000000000000000. Fig. 2.6
(-1)00,0000000000000,00000 VEPOOO (1IFOO,2F00),0
00000000,0000,000000000000000000000. Fig. 2.6
(a-2) 0 VEPOOODOOOO, (a-3) 000000000000, 0000000000
00000020000000000.00000000,000 000000000
033[%0000,00000000,0000000000000000000. 00
00000,00000000 (0000000,000012[H7)0000000,00
00000000 Fig. 2.6 (b) 000. Fig. 1000 Fig. 2.6 () 000000 Fig. 2.6
(b-1) 0000000000,00000000000000000000,VEPOOO
00 1F00049[wV]0,0000 1.7 [wV]00000000. 20000000 045
[WV]0D0 033 [xV]0000000,Fig 26 (a-3)0 (b-3) 0000000000000
000000000000000,2F0000000000000000000000.
Fig. 26 (b-2) 000000000, VEPOOOOOOOODOOO0O00000OO, (b-3)0
0000000000000,00000000000
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gobooboo,bbobooooboboooobbbooono, VEPODDDODOOODODO
gbogobgoobgoob.10obooboobobobob,obbobbobobooboo,
veEpOOooooooooobobbobooobooboobooboon.

24 00O

241 0U0O0O0OOOOooooobod

gooo VvVEpPODDOO,00000000DOO00DODbDO0Oo0bDDbOoO0D,on
goboboboogooobooooob.bobuoog,bbbuoooobbboood
googobooooo.oobo vepOOooboo,00boobbobbooboo, g
gbobooboboobobooboboobob,obobooboboobobo
gobbooboo. ggggobobbogoobobuooob,buooooboboboood
gbod.bogbbodgboobbo,boobuodoboobobooboobboob,d
goboogoboodgbbooobbog,bboobbooobbooobbood
gobbobuodgdo. ggbbbbooobobobbuooobobboooobb,oood
O veEpOOOoOoOOOO,00b0o0booboooboboob.bobo,ooboooog
googobooobooboooboboobobb.oobbobbooboveEPOODO
gboboobobooboboo,obboobobbobobboboboobobo
gobboo,g0bbbuoooobbobuoooobn.

gogbbbbboudg,ggobbbboboooogb,bbbboooooobbbbod
gogd. 1o0bboodogogobboobbooooooob,bbobboooooad
gbobogbobobobobobobobo,vepOoDoooooooooooog
gooo.boobooboobo,0bbobbobbobobobobooboobo,vVEPOOO
gogobobob.oobbbo,bbbobbodgooooobbbobbbodoooood
uo.

Fig. 250000000, 0000000 vVEPOUODOODOODDODOODDOODODO
g, gggbobbbobbbbouodoooodado. goobbo,bbboooooaad
gobooggboboogbbooobbooobbuooobb,gobbooobbood
gbo,b000bo0boboobboobo. 0b Fig. 260000000,000000
goooobooboobooo,0bbooboobboobooboboob VEPODOO
g,bbbugoobbobuoooobbboooobbobboa. goooboboboood
gboooboodobo,ooboobboboboob,oobooboobbooboobo
O VvVEpOUOOO,0b0obobooogb.obobobobo,veEpPODOoboooooDo
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ggboboobboooogobobobod,oogbbbboooogobob,booood
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gbboodgbboodobbuoodobbooobboo,booobbooobbood
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244 00O0OOOLOOOOOOODO

D000D,00 (85000000000 (D000 4 [Hz 00D steady state VEP)
gooooobooboobboobuoobobooboo,boob veEpOoODOooOooDO
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0,1-2[Hz]000000O00O00 pattern reversal VEP O flash VEP O OO O0OOO
gboobobob.0boboboobd VEPD transient 0 VEPODOO, 00000
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25 000
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(a) parameters for evaluating state of subjects
blink artifacts (Rp)

1 2 3 4 5 6 7 8 9 10 11 12 13 14
6.0) (7.0) (7.5 (8.0) (8.5) (9.0) (9.5) (10.0)(10.5)(11.0)(11.5)(12.0) (15.0) (18.0)
measurement number [times]

(temporal frequency [Hz])

(b) detected segments (measurement number: 6, temporal frequency : 9.0 [Hz])
blink artifacts (Rz=0.08)

posterior alpha wave  (R,=33 [%])

EMG artifacts (Rz(O1)=1.5 [%])

0 10 20 ) 30 40 50
time [s]

(c) detected segments (measurement number: 7, temporal frequency : 9.5 [Hz])
blink artifacts (Rz=0.32)

posterior alpha wave  (R,=5.6 [%])

EMG artifacts (R{O01)=32 [%])

| 11 | EHE NI B | NN
0 0 30 40 50

10 2

time [s]

(d) detected segments (measurement number : 4, temporal frequency : 8.0 [Hz])
blink artifacts (Rz=0.10)

posterior alpha wave (R,=9.1 [%])

| [ N T 1 11N

EMG artifacts (R£(01)=3.6 [%])

I | | |
0 10 20 30 40 50
time [s]

Fig. 2.5: Real-time evaluation of state of subject during VEP recording (Subject I, 24
y. 0., Male). (a) shows parameters for evaluating the state of subject. (b), (¢) and (d)
correspond the detail results of detected segments for each evaluation item.
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(a) VEP response before rest (b) VEP response after rest
(a-1) parameters (b-1) parameters

state of VEP appearance state of VEP appearance
amplitude of 1F component | 1.7 [uV] amplitude of 1F component | 4.9 [uV]
amplitude of 2F component | 0.45 [uV] amplitude of 2F component | 0.33 [puV]

state of subjects state of subjects

blink artifacts (Rp) 0.020 blink artifacts (Rp) 0.10
posterior alpha wave (R,) 33 [%] posterior alpha wave (R,) 5.8 [%]
EMG artifacts (Rg) 0 [%] EMG artifacts (Rp) 0 [%]
(a-2) averaged waveform (b-2) averaged waveform

NN NN e AN NAVAVAVAS AV AV AV AVaVAVAVA
10 [uV] 10 [1V]

200 [ms] 200 [ms]
(a-3) power spectrum (b-3) power spectrum
I 2 [uV2/Hz] I 2 [uV%/Hz]
A\ . A\ . ! . A_/\A . . 1 .
0 10 * 20 * [HZ] 30 0 10 * 20 * [Hz] 30

Fig. 2.6: Comparison of VEP responses between (a) before taking rest and (b) after taking
rest. (a-1) parameters, (a-2) averaged waveform of VEP and (a-3) power spectrum for
the data before taking rest. (b-1), (b-2) and (b-3) correspond same ones for the data after
taking rest.
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30 Uuddddbooonnbb
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3.1 U400

000000 (visual evoked potential: VEP) O, 00 0000000000000O0O
0000000 200000, 0000000000 DOO00O0, 00000 UoooDO
00 [2[33)ooo0oOo000. 000 VEPODOOOODODOOOOODOOODOOODODOO
gobobod,bbbogoobbbooobbboooog,bboooob. oad
goooobobo,ggouobbobuooo,gobbbboooooobbobbouooa
goood.

000000000000 00,000000000000 (DOODODOOoOoOoO0) O
0ooobooobOob.ooboobooooboooboooboobOooD “nooog
0”600, 0000000000000000 [62)0 VEPOODOO [65/00000
gdd. oodouoobo,oooobbobbobbbooo veEpOooooooooong
000000000 [16. 0000, VEPOODOODODODODDODODODOODOODODODOOODOO
o, oo, oooooouo. 00, dddUggug
gogobobobobboooooooboboobobbooo vePOOOooobbbbo,00ooog
gogoooooobbbboooooogoag.

ooy, UUUUU 4
O00jitter 00O [99], 000000000000 OOOOOOOOOOO [r7jOO0O
O0.00000 (o0, 0000000000, 0000000000000000O0O
O0000. VEPOOOODOOODOOODOOOOODODOODOODO0OO0O0,000000 [100]
O0000,000000000000000 [7g),0000000000000000 [79]
guooob. ggogoooobobbbbboooooooooobobbbboo,oooada
I T A Y 6 6 O

oo, UUUUU 4
O @ROoO00,0000O0O0O0O0O0O0 VEPOOOOODODODODDODODODODODODDODOO
00000000 [101[102. D000, 000000000 [101)[102]00000000
gooo,bbogdggooobbbbooooouoobbooooooobbboo,a
gogogoooooobbbbbooooooog.
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3.2 UJUUouooooobuod vEPOUOOOO

000000000 [33)0 VEPOOOOOOOOOOOO000O Fig. 3.1000. O
0,000000000000000000000000 (Fig. 3.1(a))0,000000
0000000000000 (Fig. 3.1(b)0),0000000000000000000
0000000000000 (Fig 3.1(c)0). 3.5 [Hz] 0 OO steady-state VEP O O, O
000 f, [HO 1IFO0O0,002000002F000000,00000000000
0000 (Fig 3.1(c)0)00 VEPODODODODODOOO [2).

segment 1 ' segment 2 - segment N
(a) raw EEG data and stimulus signal

segment 1 wiypmsmmmimepsiipise i N o

SCEIMENT 2 it iy el 0 i

=
(b) segmented EEGs and their power spectrum

. ! . ]
\

2fs

(c) stimulus locked averaging (d) power spectrum averaging
and its power spectrum

segment N

Fig. 3.1: Outline of conventional analysis method for estimating VEP amplitude.

000000000 [33]0,00000000000000O0ODOOOOOOO, VEP
gbobuogbbuogobooobboobbuoobboob.boobobooobood
00000000000, 00 flash VEPODODOO [11]0,000000000,0000
0 (O0000o0O000ooo0)000ooo0o0o0oo. oooo0ooooooo,boo
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00000 VEPOOOOOOOOOOOOO0O0OO0OO0OOOO0O00. 00, VEPOOOOO
000000000,00000000000000000000
00,00000000000000000000000 (Fig. 3.1(b)0), 00000
0000000 (Fig 3.1()000000. 000000000000000 [103]0,
00000000000000000000000000,VEPOOOOOOOOOOO
00000000000.000,000000 (f, [H7 O 2f, [HZ)000000000,
VEPOOOODODOOOOOOOD,O00 VEPOOOOOOOOODOOOO00O0O, 00
000000.000,00000000000000000000000000000
00000,0000000000000000000,000000000000 VEP
0000000000000000000000.

3.3 Ubuububbotubotdboodbodon

3.3.1 0OO0OO0OO0OOO0O0O0

00000, Fig 3.1(d)0000000000000000000,00000000
00000000 (00000)800000 VEP,OOOOOO (0000000),00
000000000,00000000000. 00000000,000000000
0000000000,00000000000000000000000000000
0. 000000000000000000000000000,0000000000
00000000000000. 0000,000000000000 VEPOOOOO
000000000000000000000000000.

000000,0000000100000,000100000000000000
0000000000,00000000000000000000000.00000
0000000000

f<{ 0.25A¢ (0f)”
ot UL (1) = 29 cos 2w AL(f — )
2
0.25A¢t (o) }
1+ () = 275 cos 2rAL(f + my)
+ At(o”)? (3.1)

g(f) =

O000.¢(f/)0000 f[Hz] 000000000000 000,m, 000000, 01
DDDDDDDDDD,a,ﬁ,a”DDDDDDDDDDDDDDDDDDD,AtDDDDD
goboboga.
gbgobugobgobgoboo,goboobuoobooboobdmme, 00000
gboooooboo,bobbooboobobboboobobb0obOo0bg Fig 320
O000000. Fig. 32(a) 00000 f, [HZ]OODODO VEPOOOODDODOOODDOOO
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000000000.000000000000000000,00000000000
0000 KOODOOOOOOO0O00000000 (mg, w0, 0000¢°)00000. 0
000 f, [HZ 00000000 VEPOO (Fig. 32 (b)), 0000000000000
000 (Fig. 32 (¢)) 00000 (Fig. 3.2(d)) 00000, VEPOOOOOOOOOOO
0oooo0o0o0o0o0ooo.

N
(a) power spectrum and estimated

power spectrum by EEG model

J2
(b) separated VEP component
i

/s

(c) posterior dominant rhythm component

1

(c*)
¥ L

‘ (d) white noise cofnponent

Fig. 3.2: Estimation of VEP and dominant rhythm component by EEG model.

3.3.2 U0OUOOOOOOOOOO

DDDDDDDDDDDDDDDDDDDDDDD,DDDDDDDDmk,’yk,ag,avﬂ
00000 (D0000000)KOODODOOOOOoOooooo.0ooooooooo
00,0000000000 Fletcher-PowellO [104]000, 000000000000
000000000000000000000000000DO 80). D00 O0DODOO K
O AIC (Akaike information criterion) [105][106)|0 0000, 000000000000
goo.

ggooobb,jgdguobobbbuoooobobobb,booouobbbbouoooa
gooooob. bboobuoobobooboooboobo,kObo0obboooDboobog
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00 ff000000000000000 H,OODODODODOOODOOOOooOOooooo
o000 S, 030000.00vVEPOODOOODOOOOOOD 10000000, VEP
0000100 (k=1),00000000000200 (k=2 000. VEPOOO
0,000000 00000 f, [He|, HOOOOOODOOOOODOOOOOOO. O
0S50, f,+£05[H]00000000CCCOOOOO0O000O00. ODOODOOOOO
waxing-and-wanning[4] 0 0000000000, 0000 1 [Hz/000000O0OO0OO
. ogggg,obobtodgooobobbooooobbobooooobobobogao
g, gggbobbobbbuouoooooobb. bbb, bbbboboodgooood
00000,000000 00000000000 DDO0ODO0OO0,a000 (8-13
Hz)) D0 O0OO0O0O0OOOO0OO0OOOOOOO

S P(IA)IAS - Af
fh = =L (3.2)
Zjifé/AfP(jAf)Af
Jdo0odopoonooonogooono. oodg AfDDDDDDD,P(jAf)DDDDDDD
DDDD,fl,thDDDDDDDDDDDDDD,DDDD 8—13[HZ]DDD. oog,
gogno f5:|:0.5[Hz]DDDVEPDDDDDDDDD,DDDDDDDDDDDDDD
OD00. H,0O (3.2) 000000 f) [HZOODODODDOODOOO0OD0O0O, S0 8- 13 [Hy
do0ooOooooooooooooooo, s;000ooooooao.
godouoooooobooo,boouoouoouoood (mk,vk,ai,av)DDDBO]
Jdododoooooooooobo.gogogo

H; — S, At
= — 4
Vi H. 1 S.Af (3.4)
4S5/ H At
of = 2wVl (3.5)
o' =1 (3.6)

U,00000000000 Fletcher-Powelll O OODOOODOOODOODOOODOO.
goo vepOooooOooboobooboobooboboobooboboo,boob
gobbuoggbbboooobbuooobboooooo,gobbuoob1bogg
0000000U000.oo0,000pooooooOog30poon0 (k=3)0000,
O000000000000000 f2 H, Ss000000000. 00,2000000
ooo0o000 ff+10[Hz]000,00000000. 000000,000000000
gbogbdoboboboboboboboboo,boooooobobobobobo.
00 0000008 -13[Hz0000000,00000000.000000000O
0000000000000 S000.0000000000 32)000,0000 f%
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0 d;000.000000000Db0D000bO0bOobOo,0o0boboboboo.bo
oooooo s o,ssgoooooooooboooboo. bobooboobooo 20000
(k=2,3)000000,10000 (k=2)000000 AICOCOOO,000 AICO
00000000000000 (k=4 0,0000000000000000. 000
goboboogoobooobod.

34 UO0O0O0OO0OOOOOOOOO

3.4.1 000000

goodgooog,bbbbbboooouuuouooooooobobbbb. ooga,
vEpOOOOoooooooooboooobo,obbooobuoobooo. VEPDOOO
goobogbobooboooboob,veEpOoOobooooooo,oboooboobog
gbobodb,b2x2=400000000000.00,00000 000000
g,0bogggbobobooodgaon.

VEPOOODOOOO, 0000000000 1000000000, 00000000
gobboboog.ogoob,.0000obbboodgn

Vi - afsin{?wﬁ’(t—%)} (ijjslgtgi;:—i— }/) -
y; (8) = 0 (t< il il 1oy (3.7)
Is 7 fs fY
ooo0,00b0b0bobo0ooboobooboboVvVEPODODODO
I
B = Y0 (1) (35)

000.0000000006' 000 &, 00000°00000,000 /0,000
0000 f,00000/00000000000000.

000000 (0000000)000000,00000000000000000
0000000 [80)00000.000000

To(NAL) = an(nAt)sin(2rmanAt) + v(nAt) (3.9)
ao((n+ DAL) = yaaq(nAt) + &, (nAt) (3.10)

000,0 39000 a(rAt)0,0 (3.10)0 10000000000000000. n
000000, m,000000,At000000000,4,010000000000,
v(nAt) 0 &(rAH)ODDO00 (0000000000000 6506%)000.
000000000000000000000000,0000000000. VEPO
0000 £,08,9,10,11,12[HZ0 500,000 & =4 [pv]000. 0000 00 of
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0,000000000"=0f=0,000000000 0*=20[uV],of =1.0[Hz] O
00. 0000000, ma =10.0 [Hz], 7o = 0.98, 6§ =22.9, ¢* =10.0000. 000
00000000000 00000000000000,00000000000000
00.0000000,0000000000000000000000000,0 (3.9)
0000 100000,000000000.000000000 At=5[ms|00,10
051200000 10000000.000000000, Fig. 3.1(c)0 (d)00000
0000000000 0000000000,000000000000000000

3.4.2 0O0O0OO

O0000000000000000000 Fig. 3.1(c)000000O0O0OO, Fig. 3.1(d)
bobooboboboboboosboo vepOboobooboboboooobooo, oo
oooobo.o0ooboooo, vepooooooooooooboooooooooboog s
gboobo,gbodabod 4\/§DDDD[80].DDDDDDDDDDDDDDDDDDDD
O0o0o00,VEPOOOODOOOOD f,£05[Hz]000000000O0OOODO,00
goboboobdoboobooboobooboboboobobo vErpOOOOOOOODO
Oo00.000,0 370 VEPOOODDODOOODOOODODOOOODOOO,000000
obobobobooboooboobooo,0o0 vVEPOOOOOOOO. ODODOODO
000000 (3.10), (3.9)0ooooO0ooooooooo,ooooooooog.

D0D0D000000,00000 4, 00000000000000 AODODOO,
good
A4

E =

x 100 [%] (3.11)

T

gboogb.bogboodobouogoboobo,buobobboodbog 1eboobn, 1o
gbogobobboobooboobgoobg.

343 0O0OOOOO

Fig. 330 000000000000000000. OO0 VEP (estimated VEP am-
plitude), 000 0000000000000 (estimated amplitude of posterior dominant
rhythm) 000. 02000000000000000 (high amplitude background ac-
tivity) 0, 1000 (C1) VEPOODOUODOOOO (VEP without variability), 2000 (C2)
VEPOOODOOODOO (VEP with variability) D00, O 20 (C3), (C4)0, 000
0000000000 (low amplitude background activity) O, VEPO OO OO OOO
20000000.00000,00000000 (0)0ODO0DO0OOOO (0D)ODODOOOO
0. 00000000000, 000000000,0000 (true value), 00000
(proposed), 0 0000000000 (stimulus locked averaging), m 000000000
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00000 (power spectrum averaging) 00 0000000000000 O0O0O00O. OO
go,bood,bbogooobo,gobbbooobboooobbo,obbbood
goobobooooobobooodbo. bbb boboboo,obobbbooon
goboooo,ggobuooobboobboobobo.boobo,bboooboboon
god20000dgoo1oog,3bboobb, 400, ggooboboboooog
goobobooog.

000 VEPOODOOODDODOOO, 0000000000000 0bO0O0o0booo,og
000000000 VEPOOOOOOOOOO (C2)00000 —28+4.7 %000
0.00 (C2)0000D010[Hz00,00000000000O0DOOOOOOODODOO
gobobooo,bdgdbbbooobobuoobo.bbooo,booo vepO oo
gbobdobobobobo.bobob0obobUobo,bobDbobooooooo VEPO
000000000 (C3) 00,0000 12+44 % 0000000, VEPODODODOO
0(C4)000000 —-12436[%0,0000000000000000O. (C2)000O
00 10 [HzJO O, (Cl) 0 VEPOOOOOOOOOOOOOOOOOOOODO. OO0,
vEPOUOOUOUOOOOOOOOoO,0bodbboobbobobuoobuoobboobon
gobooobobooobooobbooobo, VEPOODODOOoOoobOOooobooobo
O00000. 0000000000000 0O0,0000oooooogoooaon, (C1),
(C2)00000000DODOO,0D00000 10 [Hz]ODODODOOOOOOOOOO. (C4)
O000,000028+4.1[%|000000000000000O0O0ODOOOO0O0O,O
gobobboooobboo vepOOoboooobobboooobbbuooo.

O00000ooo0o0ooooooooooog, (G, (C2)ooooo,00boooo
039+1.8 %0 —41+19[%0000000. 000000000000 O0O0O, VEP
Jo0o0o0oooobooobooobooooboob. boooboooobog, VEPO
gooboobobooogo, bbb bbb bbooo, o
goboooboboobob.oob cbbogbboobb,obboobboobobon
doobooooooobbooooobobooo.

gobob,0dobbboooobobbooooobobbbooooooboobo.

3.5 Uuuoogoogn

gobobooobooboboo,0goobooboboobobooboob,uobd VEP
ooooooooobooobobo.0coboboboboobooboooboo vEPODODOD,
gbooobogob vEpOOOOOOoDooooooboooo.
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high amplitude background activity low amplitude background activity
(C1) VEP without variabirity (C2) VEP with variabirity (C3) VEP without variability (C4) VEP with variabirity
20— T T T T 20— T T T T 10— T T T T 10— T T T
=%
5 ; ; of 1] oL
>3 sk 1l1st ] L] i%i@ L0
T E 8/ o2 A%@E 2 @E 28 . 23] 8*§§ §§ : ] E
T * a - 10 " . g 2 % E D 3| 3 ]
E r = 1|10 ¥
2 © reO |aell | a8 2 A@D- A©D. 2o 208 ﬁ@g A@E{! 7 1 7r 7
sL , L L L L L L L L 61 I L L I 6L I I L L
8 9 10 11 12 8 9 10 11 12 8 9 10 11 12 8 9 10 11 12
- proposed 0.70+5.1 [%] proposed -2.8+4.7 [%] proposed 1.244.1 [%] proposed -2.6+3.5 [%]
g S.L.A. 5.3+13 [%] S.L.A. -6.6£12 [%] S.L.A. 1.2+4.4 [%] S.L.A. -12+3.6 [%]
P.S. A 49435 [%] P.S.A 36+33 [%] P.S.A 6.6+4.3 [%] P.S.A 2.8+4.1 [%]
5§ % 30— —
g2 Py 5 Py Py Py Jay Py Iy Jas | PN A\ true value
_é’fézof@i@;@i@i@izof@i@i@ @iléi
@' g M | © proposed
‘g |
§ _5 10- J110k | 4 Ostimulus locked averaging (S.L.A.)
E5 =] u] o a g g ) [} g @ .
g2 | W power spectrum averaging (P.S.A.)
22 0 L | L L L 0 L L L L L
o3 8 9 1 11 12 8 9 1 11 12 i X
= proposed 3.9+1.8 [%] proposed -4.1£1.9 [%] horizontal axis : temporal frequency [Hz]
= : S
g S LA 69463 [%] S LA ~69+6.4 [%] vertical axis : amplitude [pV]
S
P.S.A -1848.2 [%] P.S.A -1748.3 [%]

Fig. 3.3: Estimated amplitudes and error rate of VEP component (upper part) and pos-
terior dominant rhythm (lower part) for simulation data

3.5.1 0000

00000 (210,00)100000,0057[em]0000000000000 300
D0000000. 00000000000000008,9,10,11,12[Hz]0 5000
D0000000000000. 0010200 [30)000, 00 0000000000
D00,000000000 200 (Hz, 0000000 053 [Hy], 0000000 60 [Hel
D0000000000. 00000,00000000000,0000000000
D000000000000000,0000000000001005.1200 1000
0000000000,

3.5.2 0O0OO0OOOO

Fig. 340 VEPOOUOOOOOOOOOOOOODOOO. Dobobooboboobog
goodoogg Fig 330000,000 VEP, OO OD0O0O0OOOOOOOO, 00O
O000000000000000 (closed eye state), 10000000000 (open eye
state) 000. 00000000000 DODOCOOO30000,00000000000
guodoobobbbboooooooooouoooobbn.

VEPOOUODO, 000000000 DO0OO0O0OODODOO0O0bObOO0o0ooboboooono, O
go,0odobobooobbooo,boo vePpOOOooobbooobbo. od
000,000010,11,12[Hz]0300000000000000000O00O0OOOOO
g, 0obbobbboddoooouoobobobo.bbo 3o, goubobobooooood
gooobooboobooboobooboo,bobbobobooboooboooo, VEP
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gogdggooboobbbbbobobbobobobbobobooboduuoooooooooood
gogobgo.
gogbobobobougooao,bbbbooooogob,bbbooooooboboobbod
gboobgob.oboobobobobobooboboa,vepOOoDooDoobDoOoODO
gogoobbobbbbodooooooo. oooboboboobbbobooooooooa,
gbobobodgbobuooobbuooobbooob,oobbbuoobobbuoobbood
goooo.
ggbobobbbouoooogbb,bbbooooobbbboooog,obbobbod
gbgobg,bobbobbobooboobooboobooboon.

closed eye state open eye state
(high amplitude background activity) (low amplitude background activity)
15: T T T T - T : 15 : é - T T T T
= =
> 8 10f u ml 10[ ]
B = | - " ] - m © . [
a [ 1 0 ©
EE s o °g | o" - 1 sb o0 O ]
2 [ O © en m
[} L
L1 | I I I ] L | I I I
g 0 8 9 10 11 12 0 8 9 10 11 12
G
=] = 30 T T T T T
2 % o m o ] © proposed
=g [ . :
= § 20L o ml © . | [Ostimulus locked averaging
E £ i © 1 M power spectrum averaging
- 9 |
273 10r 1 .
g 8 O 0 O horizontal axis : temporal frequency [Hz]
Z 8 ol 1 1D O 1 vertical axis : amplitude [uV]
w2
°g 8 9 10 11 12

Fig. 3.4: Estimated amplitudes of VEP component (upper part) and posterior dominant
rhythm (lower part) for actual data.

3.6 U0

3.6.1 0OOOUOoOOO

gobogubooobooobooobobooob, booboooobooooboa,
steady-state VEP O O OO QODOOODOOODOOOOOOOODOOD. bO,0000
gboobobobobobobo,vEpOOOoboboobooooooooooooog
g, ggooobbobbbbdooooo2000000oobob. oonob, O
00000 e2, (65|00 0000000000000 0O0O0O0O0O0O0O0O0O0O0O00O. OO
O000O00O0O0O0O0O0OO0O0O 1600000, VEPOOOOOOOODODOOOOODOO
gobboog,gbbbuoogoobbbog.
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3.6.2 U0OOOOOOO

gbobobobooboboboobo,oboboboboeboboboooon.
gboobooboooboooooboooo,0obobobooboboobobooooo,en
OpO00D0O00O0O0O00DOOOD.DOO0DODOOOOOO,00DO00ODDOOO
00000000000 4060,60,0000000000.0000O0,0000
gobbbooogbbbuoogooboo.

o0, vEpOOoQooOoobooboooooobooobooboobooboooboo,
gobbobuoooobbboooobobboooooboo,o0ooboog. ogod
gboobbooobo,gooboobboobboobbooboobboob.obo
gbobooogbobogobboobo,uoggbbuooobboogbbooobbood
goboog.

O000000000,0000000000000000000 jitter[99/00000O
ggd. gob,gobbbobbbbouodgoooobbobob,bbbbooooooad
jitter DO OO VEPOODOOODOODDODOODOO,0D00b000b0O00bDOoOon.

3.7 00U

gbobooobobovEpPOUODDOOOODODOOOOODOOOOODOOOODDO.
gogbobbooooobbo,bbogoogobobooooooboboobooog, d
gobobooboboboboooobobooboboooo.oobog, veEpODO
gobbboooobobooooboboboooobboooooooo.
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40 UOUOOOOOOOOOODODODONO
Jooobobobod

4.1 0OOOO

000000 (Visual evoked potentials: VEPs) O, 00 0000000000000
gbobooboboobobo,bobooboboobobooboboobobo
O[2. VEPOOOOOOOOOOOOOOODOOOOOOOOoOooooooooooo
330 0000000000. 0000000000000 O0ODOOoOD0DUoLoooOOO
gooo,00b0 vVvEPOOOOODOOOoOoO,00b0bbo0ooobbooobo.boon
00,000000,0000000(00)000000000O0O0OOOOOOOO0O
goodd.

00,0000000 («0)0,0000000C00000DOCOO0O0O,00000
O000000000.00000,000000000D0O00000O0 [63]0,VEPOO
000 )0 000000000. 0000 VEPOOOOOOOOOOOOOOOOO
guoooob,bobbbbbboud,gooooooooobbbn.

03000,000000000000000O0OOODODOOODO ROJODODOO,0OO
00000000 VEPOOOOOODODOOODODDODOOODOOODOOODOO 83 0OO
g, 0o0bddooobbobobodoooobbobbooo. bbb booog
gogobobobbbooooo,guoobb veEpObOoooooobbobbboooog
gooooo.

4.2 00

4.2.1 0O0OOOO

000090 (21-250,0000)0000,000000057[cm]000000O0O
000000 30000000000.000008,9,10,11,12[Hz]050000. O
0 10-200 [30)]000,000z000000000000,000000000 200 [Hzl,
0000000 053 [Hz], 0000000060 Hz)0OODODODODODOOOO. 0000
g,b0bogoboooboo,0obooboboobb. ooboooboobboobo
0,100512 000000 10000000, ODOODODOOOO, 00000000
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(FFT) 0000000000000, 000000000000,000000000
0000000000,

Fig4.1 () 000000,000010[H/ 0000000000000000000
0000.0000000000000000000000000. Fig4.l (a)0000
0D000000000000. 00000000000000000000000000
0000000000000 Fig4l (b)000. 00000000000000000
000000 (10[Hz))0 1IFOO0O, 0020000 (20 [Hz)) 0 2F000000000
Doooooo.

(a) Raw EEG data and stimulus signal

A A A A S s g

| 50[pV]
1 [sec]
(b) Power spectrum of raw EEG data
5 [wV?*/Hz]
0 | 10 20 [Hz]

Fig. 4.1: Recorded raw VEP and its power spectrum.

4.2.2 vVEPOOOOOOOOO4Oooad
gboogbogoo

000 [83]00, Fig4.1(b)0 000000000000 O0O0OOOO,000000O0
000000000 (D0000)R0)0000 VEP,OOODODOO, 00000000
goo,g0bo0oboobb. oobooobobgo,obboobboobooobo
gobbo,dggobbobuogoobboboooobbobbooooboog. oggd
gbboboobobbodobobboobobboobobo,obbooobbooobbood
gobooogd.

ggobbo,bbbbodudg1l1botodg, oo l1oogooooobobood
gobboboooob,bogoobboboooobobbooooboo.boood
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gobobooodgn

i { 0.25A¢ (of)’
= UL+ ()% — 2y, cos 2mAL(f — my)
2
0.25A¢t (o) }
14 ()% = 275 cos 2n AL(f + my)
+ At(c")? (4.1)

g(f) =

O00. ¢(f) 0000 f[HZ]OOODDODOOODODOOOOOOO,mO00000, v0O
1DDDDDDDDDD,O‘§,UUDDDDDDDDDDDDDDDDDDD,AtDDDD
gobboogdad.

(a) Power spectrum and estimated
power spectrum by EEG model

el
I
|
A
(b) Separated VEP component

J2
() Posterior dominant rhythm component
]

S

(d) White noise component

}GV)Z

- 1 V‘ 1 " 1 " 1 L 1 -

Fig. 4.2: Estimation of VEP and dominant rhythm component by EEG model.

gbbogobbooboboobbobboobbooobboobbome g
gbooobgoboboobuoobuoobuoobooboobooboobob Fig4d.20
O000000OFig42(a) 00000 f, [Hz]OOOO VEPOOOOOOODOOODOOO
gbbogbuodgbobuoobbodboobbuodobbooobbooboobbod
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D00 KODOOOOOOO0O000000000 (mOwdei00D0+Y) 0000000
000 f, [HZ 00000000 VEPOO (Fig4.2 (b)000000000000000
00 (Fig42 (c)) 00000 (Fig. 42(d)) 000000VEPOOOODOOO0OO0O0OOOO
000000000000

gobboooobbodad

gbbodbboobooobooobooobooo,bbogboood (mkD’ykﬂaiﬂ
O00¢)yODOOODOO KOOOOOOOOOOODOO.0oooooooooooo, o
000000000 Fletcher-Powell O [104] 000, 0000000000000O00C0OO
0000000000000000000000000 [8]. bo0ODOoOoO KO AIC
(Akaike Information Criterion)[106) 00000, 000000000000000.

gbbgobuogoobuoogbbodboobobuobbbuoobbooboobobdgd
000000 3000000000000 00000O000kDODOOD0ODO0DOOODOO
0000 ff00000000O0O0C00O0OO0 H,OODOODOOOOOODOOODDOOOOO
oooooo S, 030000000 VEPOOODOOOODODOOOO 1000000
OOVEPOOOD 100 (k=1)0000000000O00200 (k=2)0000OVEP
00000000000 ffO000OO0 f, [HZ0 K/, 000000000000 000OO
00000 S,00f+05[Hz] 0000000000000 OOODOOOOODOODOO
00000000000000000000 A000000000000000000
D0a000 (8-13[Hz)00000000000000000

SN PGAF)AS - Af

=f/Af
fh == (4.2)
S PUADAS

O0000000000000000000 AfO00OOQOOOP(JAfH)DODODOODOO
00000 f0/A000000000000000000008-13[Hz]000000
000000 f+05[Hz]000 VEPOODODOOOODODODOOOODOODODODDOOODOO
O0000O0OH, 00 (42)000000 fAHZ/0000000000000OS,08-13
HzZlOOODOOOODOOOODOoOoooooooos,0oooooooooo

gbobooobobboogbobobooobboogboboo (mknykDJEDa”)DDD
B0 0000000000000 0O00OOoODOOO

H, — S, At
= = 4.4
e Hi + S At ( )
o = 4S5/ Hi At (4.5)

o’ =1 (4.6)
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O00000DO00O0000 Fletcher-Powell DO D OOOODOOOODOODOOOO
O00O00oooDooOoOoOooAICoDbOobO,AICO00DOOOO00O0OooDOobOOO
00 3. 0000,k=10 VEPOOODO,000000O00O0O0O0OOOODOO.

4.2.3 0000

gobogbodboobobooboboobooboboveEPODOODODDOOD
goooogo,bodbooboobooboobooobL.boboboo,VEPOOODOO
DDDDDDDDDDDDDDDDDDDDSDDDD,DDDDDD4\/§DDDD[80].
000000000000 o0O0O0O,VEPOOOODOOODOD f,+05[Hz]DO00O0DODOO
gboooooo,boooboboubibtd «cbgbobobobobobobOon VEP
gobbooooobbod.

4.3 0O

Fig430 100000 (0DODO D,210,00)0000000000000O0DDOOO
0,0000000000VEPOOOOOOOODOOOODOO. ()ODooOooooo
000000000000,000000000000000000000000O (power
spectrum) D00, (i) D0 0000000000000000 VEPOD (separated VEP
component), (iii) 00 0000000000000 (posterior dominant ryhthm) 00O .
Fig43 () 000008 H2000000000,0000000000 (proposed), 00O
O00000000000000 (power spectrum averaging) 00 0000. 000000,
VEPOUOOOOODODDODODODODOOOOooooooooooooooo,0obood VEP
godooooboobbuoo, oo oobbbbbuooogd. Figd.d
(b)) JODODODOO9H2000000O0OODO. (b-i)D00D0O0O00ODODOO VEPO
00,00000000000000000O0. 00O, (bdi)0DO0O000O0ODOOOO,00
godooboooooooooooooo.

Fig44 09000000000, VEPOODODOODOODOODODOOOOOO. (a)
O VEPOODOOOOO (Amplitude of VEP component), (b) 000000000000
000 (Amplitude of posterior dominant rhythm) 00 0. O0O00O0O00O0O (temporal
frequency), 000000 (amplitude) D00, @« DO OO (power spectrum averaging),
o000 (proposed) DO ODOODODODODDODODOOOOOOODOO. Fig44 (a)0 VEPDO
goddoo,dooooobbbbbodddd 9HzO0000D0ODOD. oD0oOoQg,Od0d
009, 10H200,¢00 (pj0.05) 000, 00000000000 OODODODODODODOO
O000. 00, Figd44d (b)) 00DODDDODODODOOOODOOODODO,0000 9HzOODO,
oo, 00gddooooooooooob, oo, oooooooooooooon
O (pi0.1) 000000,
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(a) VEP and posterior dominant rthythm (b) VEP and posterior dominant rthythm
not overlaped overlaped
Izo [ 1 V/HZ]

(a-1) (b-1)
! Izo [ 1 VYHzZ]

(i) power spectrum

12 T4 6 15 T3

(ii) separated VEP
component

(iii) posterior dominant
rhythm component

1

12 14 6 8 10 12 14
frequency [Hz] frequency [Hz]

power spectrum averaging e=e====-= proposed

Fig. 4.3: Comparison between proposed method and conventional method.

4.4 U0

4.4.1 O0O0OOOOO

gboboogboboodobbooobboodg,buoobobbuooobboobobod
0000000000000 0000. 0000, Fig43(b) DODODO VEPODDODOO
gboboobbooobooobobooooboo, vepPOoooboboooboboooobo
gogboo,gbgbooboboobobobob.obobobooboboooaa,
gbobogobobooogbboodobbooobbuooobbooob,oobbood
gboboobbobboobboobboobboobboobDb. Figd44000DO
o,vEpOQOoobooboooboboooboobooboobobooobooo,boobog
gogobobb,bggggbbbbbouooobobbbbuoooobbob,bbodooad
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(a) Amplitude of VEP component
| | |

20 |

|

P L
() m— L L L L

8 9 10 11 12
temporal frequency [Hz]

(b) Amplitude of posterior dominant rhythm
T T T T T

SRIERTERIERIRE

8 9 10 11
temporal frequency [Hz]

[\
S

[E—
S
I

amplitude [uV]

o

oproposed ~ @power spectrum averaging
* p<0.05 * p<0.10

Fig. 4.4: Estimation of VEP and dominant rhythm component by EEG model.

godddoooooobobbbbbbobooboboobbbbobobobobooooooooog
gob.0bobogod,bbogogbbboooobbbbuoooobbboood
(3|00 00000,000000000O0O0OL,DDOoDDoDOoOoOoOoOoOOOOOOO
goboobooooobo.

ooboO0,00o0g,vepOooogooobooooobooooooboooobooboo
goboboogobobod.

4.4.2 0O0O0O0OOO

gbbodbboobbudb ebboobbogbb. ogobbuoobobuoobod
ooooooooboo,d00pooooooboOobooooooooobobobo. o
gobob,gggbbobugogbbboooobbobbooooboog. oggd
gb,gbbodgboobbooboobbuoobobobboobbooboobbon.

4.5 OO0

oo veEpOOOOOOoOO,VEPOOODOODODOODODOODODOODOOOOD. bOOoo
0,000 vVEpOOOOOODOOOOOooOoOOooOOoOovEPOODOOOOOOODOOD
000 [83]00000.0000,VEPOODOOODODDODOOOODODOOOOODOOODOO
gobbooogobn.
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50 20000OOOOOODODODONO
Jooobobobod
J0ooooooooboon

5.1 UQ0OOO

000000 (visual evoked potential: VEP) O, 00 0000000000000O0O
00000,00000000000000000ODO 2. VEPODOODODODODDOOO
0,00001H20000000000000 (transient VEP) O, 0000 3.5 HzO0O
0000000000 (steady-state VEP) 00000000000 [47][49].

VEPOOOOOOOO0OO,00,0,00000000000000000000 [2].
transient VEPOO DO DO (N75), 0000 (P100), 0000 (N175) 0000000
000000000000o0O000oooO,0000b000O0o00ooooO 2o,00
000000000000000 [10700000. steady-state VEPO O, 00000
O0000000000000000 (first harmonic: 1F) , 00000 20000000
(second harmonic: 2F) 0000, 0000000000000 0O0O0O0O0O,000000
0oooooooooo 2.

O00000,000000000001FO0000000000O000O0O0O0O0 [45](48]54]
O000,2F000000000108)J000000. 000, 000000000000
00000000 400000000, O0ODO0O0O0OO0OODOODOOODODODODOO,
go0o0o0oO0OOO0OO00O00O0000 (DODODOoOoOoO0O)o,0000ooogogg (oo
00000)0000000000000O0O,00000000000O0ODODODODOOO
guoooboooboboooooa.

oo, bbogdggouooobbuooog,bbbbbooooobobbbooooa
gobbbooooobboooobobouoogooob,20bgoobbouoooo,uoda
veEpOOQOOooooooooooo,bbobbbbtbod. oo yuoooood
VEPOUOUOOOOODODDOOOD, 000000000000 DO0O0O. Dbo0oobooon
I I T A A
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5.2 [0O0O

5.2.1 0OO0OOOO

O00000000000000000000 90 (00,21-250)0,00000000
gooo,djggoooooooo, VEPOOoOooood. onoooooooo,dod
O00000000000000,00000 VSG Three (Cambridge Research System [
0,U.K)0D000,00120,000000087.7cd/m? 0000000 1.19 c¢d/m?
00,0000005em0000000000DODOO0ODD. OD00DODOO0ODODOO
0oodoooooooog2000,10000000o00o0oooooooog. oogo
00,6,7 75, 8, 85,995, 10, 10.5, 11, 11.5, 12, 15, 18 Hz0 140000. 0000
O0050s00,000000000000z00000000000 200Hz 0000
O0000000003s(053Hz), 000000060 H20000000000O00O. OO
000,000000000000 (DO o020)0000O0ODOOO0OOO.

5.2.2 0OO0OOO

O0000000,000000000000 VEPODODOODO. 5.12s(102400000
00)0100000,50s00000000000000,0300100000000O
gbobogbboag,bsobogboogboggb.bogbooobboobood
go,10000000000 VEPOODOO.

0000 VEPOODOOOOOODOOOOOO (FFT)OOO,00000000000
o.vEpogooooooboo,0bgbg,ogboboobobooboboooa,
gboboobooobobobooobob 1FOOOobD4F0OO0ODOVEPOODODOODO
gbo. ggoobog, 3, 4F000 1R, 2r000000DO0O0, 0000000000
gogoobbb,bbbbbouodoodado. oo, ooobbbbbbboooooaad
(sub harmonic) 00000, 0000000000000, 00000000000O0O
gobooooaobo.

IFOO04F000O0O, 1IF-4FO0O0D00O0DOO0ODOO0ODOO0O VEPODOOODO, OO
oo vEpOOoooooboobooboboobooboboobooboboo,bboobg
gboogoboob. oo, ggboobo,boobboobuooboobbooobon
gogoobbo,bbobbbodd. ggoooobbboobobboooooooon, d
gobbboooobbooodgobbboaod.

5.2.3 UU0OO0OODLODOOOOOODOO

vEpOOOoOooOOooooooOo,0obdb0obobobobobOo +£05H20000
0000000000, 1FO004FO000000000000O0000 S(p,f,h) [wV]OO



sl 200000000b00000b000b0b0oobogubobbooboobobgst

O00. 00000 p00O00000O0,0000s(0O0O00ODO),r(0O0O0OO
0)ooOo. fOOOO0O,A01F-4FO000O00O0O0OOO VEPODO («OD0D)0O0ODO.
0000 f[Hz)/0OOO VEPODOO,1FOOOO4F000000000,00000

Slp. f.a) =S, f,1)+ S, £.2) + S, f.3) + S(p, f.4)  [1V?] (5.1)

O00.000 00,0000 fHzODO1WFWOO,2F0O0,0 VEPODOODOODO

Alp, f,h) =4S, [, h) (h=1,2,a) [pV] (5.2)

goooo.obg,gvVEpOOooooD1FroOoo2rogboboboobooooog

S Sh) g0 (h=1,2) [%] (5.3)

R(P,f,h):m

gooo.

5.24 00O0O0OOO0OOOOODOOO

gogddoooooobobbbbbbbobooboobbbbboboobooooooagd
g, 0buoggobbbouoogoobod

A(Svf7h) — A<T7f7 h)

Da(f,h) = max A(s. F. 7). ACr. 1) x 100  [%)] (5.4)
O00000.000,000000000000
Dr(f.h) = R(s, f.h) = R fih) (%] (5.5)

max R(s, f,h), R(r, f, h)

000. Da(f,h), Dr(f,h)0,000-100-100% 00000000,00000000
000000,00000000000000000.

5.2, UUOOougoboobood

gobobooobobooobbbuooobboooboog,booobooboooobood
gogbob,bbuogggobbbbooooobbb,booooobbbbboooad



Usd 200000000000D00b00b0bb0ob0bob0ouboboubOoonDns2

000000 2000000.000000000000000000000000, O
DO0oo0oooooooo.
00000,000000000»,00000000000000000000, 00
000000000000 A(p, f,h) O

~ 1
f
gbodo. odououououououo,ooouoooooo.

5.3 OO
5.3.1 VEPUOUOUOOO

000000000000 000O000000O0000OD0 10 (DDOD0OE,210)0
Figh1lOOD. OODOODOOODO 6Hz 10Hz, 12Hz2000,00 1sO00OO0DOOO,
gbob30Hz.O0O0OODOoooobooboo. bobobooooobooboboob,bobg
gogoboobboogo. bbboooooo,bbbobbooo. obbbboooog
oo 1rgog2rogoogobob. gpoo0,gbodeHz000,0000boonog
giroog,boobboobo22robbooboob. bo0b 10Hz000,00
googbooobooolroooooo,2ro0booboobooboobgoo. oo
b 12Hz00,1F00,2r000000000000O0000O0000O0O00O0O0O.

5.3.2 UUOOOO

Fig520 0000000000, 0000000,000000000000000
0000,00000000,0000000000,0000000000000. 00
0000,000000000 (c JIF00,e02F00,000 VEPOO),0000O
000000 @OIFO00,m02F00,000000 VEPOO)OOOOOO. 000
00000,00 1F, 2F00,000 VEPOOOOOOOO.

Fig.5.2 (a-1’) (a-2’)0 O VEPOOOOOOODOD,000000000000000
00000000011 H,0000.000,Fig52(al) (a-2) 0 1F00000000
00,0000000011H00000000,2F0000000000,00000
00000 6H,000000000. Figh2 (a-l) (-1’) 0000000000000,
0O VEPOOOD IFOOOOOO,00007H200 11H,0000000000000
000000. 000, Figs?2 (a2) (a2)0000000000,0000000000
00000000000, Figh2 (a-1) 0, 1IFO0002F00000000, 00000
01F000000000.000,Figh2(a-2)0000000000,0000 6HzO
oF0000,00007H0000000,0000001F0000000O0. 000
0000000000 0000000 IFOO0O0022F00000000O0.
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O0000opooog, Figh2 (b-1) 0000000 ODO,00009Hz2000 1F
ooooooobon,9-11H20000000000,00000000000000O
O0.2F0000000000000. Figh2 (b-2)0OOOO0ODOOO0O0O,6-15Hz0
gooilirgogooooog,2robgobodbb,9Hz0 11 HzO00D0OO 28000
gobooogd.

5.3.3 UUOOO

Fig.5.30 (5.4), (5.5) 00 000000000000000000000. 0000 1F
00,2F00,0 VEPOOODOOD,00O000O000OO000O0,00000000000
00000. 000000000000, 00000000000000,000000
0oO00oo0o0ooooo.

000000, Fighs (a) 0 IFOO0OO, 6,105, 11, 18 20000000000
0000000000000000000. Figh.3 (ail) 0 2F0000,0000000
0000000000000000000000000000000. Fig5.3 (adi) O
0 VEPOOOO,6Hz00000000000000000 (ai) 0 1FO00000O0O
oooo.

0000000, Fighs (b4) 0 IFOD0OO0O0,6-85H,0000000000000
00000000000000000,0011H,000000000000. Fig5.3 (b
4)02FO0000,12, 15Hz000000000000000000000000. 1F
O0O02F000000,11H200000000000000000.

5.4 U0U
5.4.1 0O0OO0OO0OOOOOOOO

00000, VEPOOODODOOOOODOOD,000000000000.00000
00,1F04F0000000,0000000000000+ 05H,000000.00
0,000000000000000000,000000000000000,0000
0000000000000000000000000000.

00000000000000,00 A(p, f,h)0000 R(p, f,h) 02000000.
000,0000000000000000 [54)[108)000000000000000.
0000000,0 VEPOOOOOOOOOOOOOOOOODOOO0OO0O0OO000000
0000.0000000,VEPOOOODOOOOOOO 1IFOD,0002F00000
000000000000,000000000000000[108)00000,0000
000000000000000. IF000000000000000,0000000
0000000000000000,0000 VEPOOOOODOOOOOOOOOOO
oooo.



gsd 2000000000000 0b000b0b00b0o0ub0obboob0oobobOs4

20000000000000000000000000,54,5500000000
0000 DA(f,h), De(f,h) 00000, 00000000000000000 (5400,
000000000000000000000000000,000000000000
0000000000000, Figs30O0O00000,20000000000000
0000000000,0000000000000000.
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00000000 VEPODOOOOODO Regan[45]0, 0000000000000 0O0O
g1lirgobobog,0db0 i0HzOb0000ob0oboooboboooob.obg, g
0000000000000 00000000,1FO000000, YamasakiO [54]00
O009Hz0000000000,PiehO [108)00000 125 Hz000000000
O00.00000000000,Figh2(al)(a-2) 000000000000 OOODOO
oo 1roboobodbodb 11 Hz0booobooboooboog,bboooboobd
gobooogd.

000, Figb2(b-1) 0000000, 00000000000006G-8Hz(ODOOO
0)0000012-18Hz (0 00O0OO0)0000O00O00OOOO0OOOOO,0000 8-
12Hz (OOOOO)0O 1FO0ODODODOOOOODO. OO Fighl3(a)DOOOOQOO, 1FO
O,2rd0,0 VEPOODODODODOOOOOOODODOOOOOODOOODbOOoOoOooDOoo,
gbobogoboboodgbboogbbooobbogobboa,bbooobbood
gbooboboboo.bogbobooo,boboboboveEPDODODODODO
go,buoggo,buoggoboboogobbbuoogoboobooooooobog.
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Fig52 (a-1") , (2-2) 0000000, 0000000000000 COOOOOOO
O0000O0O0OD0. D00 Figh3 () DODDOOOO, 0000000000 DODOOO
gobbobuooogboobooooobbo. buoooboobo,ooboboood
gobbbuogg,bbbuooobbboooobbbbooobobobboooon. d
gbbodgoboogoobuog,ogobudgbboobobboobooboboobobod,
gobbobuooogbbboooobbb.bbuooobbob,o0oobbboood
gobobobdodgdo. ggobbbooooobobobuoooobobboooo,bbooog
gogpobobbboooogobobbod,oogbbbbboooogob,bobbooogad
gbogoboo,gbbobbobooboobooboobon.

54.4 UU0UUOOUOOO0O1IFOOO2F0O0O0O0OO

IFOOO2F000000000 PiehDO [108)0,000000000000000O0O
goodgbo,oobooboobogrsHzO0DO2r000000O0O00DOO0ODOO. O
googo2r0boobobooboobuooboooobuoobooobob,ob0boooboog
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0000020000000 0O0O0O0O0O0O0OOD. DDODDODO,Figh2 (a-2) 0000
gboobdbeHzODOODOOODOOO2r00000OD0O0OD. ODDOODOO, Figb.2
(a-1) 0000000000000 0O0 1IFOODODODO0OOO0DO0OODOO, 0000000
gobooogd.

Fig.52 (b-2) 00D0O0O0ODODO, 00000000 DOOO22FKO0ODODOODO,0DD00D0OOO
gobogobbodg. obooobboooboboobbooobboobbood
gooob,0bgb2rogbooboobgoobooboo.

5.4.5 VvVEPUUUOUOUOOOOODOO

O0000,000 VEPOOOOOOD Pigeaud [65|0, 0000000000000
gobod VEPODOOO, 0000 «cOOO0DDOOOO0OOLOOOo0obL,0bbo0onbobo
O0oe00000D00000DOO0O0ODO0DO0ODO0ObOOODObD. OO, fash0DOOO
VEPOOOO, LazarevO [66|0, VEPOOOODa O0O0O0O0O0O0000O0O0OO0O, Birca
0670, VEPOOOOOOOOOOOOOO,000000 «0D00OD0O0O0O0O0OOOO
gboboooooobobobooobobo.bobob, 00 VEPODOODOODO
00000000000, Figbs2(al) (a-2) DOO0DODO0O, 1IFOOOODOOOOO
gboboodbb.ooobbdoobobboda,bbuoobboboobbooobbood,
gooobduoboobuoobuoobuoobuo. obob oo VEPOOODO O
gbbuoggbbuodgbboo,bboodbbudbbbdboggbbuoobbood
gobboooggoo.

Fig52 (a-1) (b-1) O0ODO0O0OO0O0O, 00000000 1F0000O0O0O0O9-12Hz
00000000, 00, Figh3 (ad) (aii) DOOD0O0OO0OO0OO0DO0OO0DO0O0OODOO, 00O
gboobogobooboboobob. veEpOboboooo 10-12Hz0000,000
gbobogboobobooboboobobboobgo,bobobbooboboobobo
gobob,cb0dggbobbo,ggbbbogooboboboooaboobn.
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gobobobuoooo. gpobboooobobobuooo,bbuoooboboood
gbbuogbbooobooobbodob.boobboobboobbooobood
gobbobuoogg,bbugogbbboooobbobbooooboboooog. d
g,gbgbobgbg2roboboboboboboobobob,2robobobg
gobbobuogooboo,ggbbbuogoobobuooouoboboooobn.
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Fig. 5.1: VEP waveform (left hand side) and their periodograms (right hand side) for
temporal frequency of 6 Hz (upper part), 10 Hz (middle part) and 12 Hz (lower part).
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Fig. 5.2: Relationship between temporal frequency and the characteristics of (a) VEP
amplitude (left hand side) and (b) ratio (right hand side) for sinusoidal pattern (upper

part) and square pattern (lower part) stimuli.
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6.1 QOO0

000000 (visual evoked potential: VEP) O, 00 0000000000000O0O
O0000000,0000000 (DODOOQODOOODO)0DU0ODOODODOOODOO 2. O
0000 3.5Hz000 steady-state VEPO O, 0000000COCOCOO (1F) 02000
0000 (2F 0000,0000000000000000000 [2].

VEPOO,00000000,0000000000CCCOOO0O0O (2. 00000
b0 veEpOobooooboogo,boooboboodo vepOoobooooboooboon
[48][51][52), D00 O0O0DO0DO00OO VEPOOOOODOODOODO0OO0000000
00000000 [45][53][54][109][110]. 000000000000, 0/0000000
D0 2F00000005H,000000 [109)[110],0/0,0/00000000000
0000 1F0000000 10Hz, 2FO0000O00SH20000 450000000
0.00,00000000000000000DO0,000000D0D000000O (V1O
0000 (0/0)00000 (0/0,0/0)0000000000000 [53][54](55]. O
000 [45][53][54][109][110) 0 00000000, 00000000000000000
535400000000 [45[109)[11000 0000000. 0000000000000
goobobobbbo, bbb bobbooooooobobo vepObOoooog
00000000 8]0, 0000000000000000O0ODODOOOOOOO VEP
ggoouoboboobobboboooooooooooo.

vioo,000000,00000000,0000003000000 [13]. 0000
oo, DU UUU g
00000013, 0000000000000000000DO,00000000 VEP
0000000000000 0 [45][53][54][109][110].

00000,0000000000000 (0/O0)0, 0000000000000 (O/
0)0o00o0o0O0O0O0O0000000O0O00O0,0000000ODOODOOOOOO 20
gooboodbobboo,40000bboodbob VEPOUOODODDODOOODO,000
gobooobooboo. obonoobooob vepOOOOOOGOOoDbDOOoooDDO
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g,b0o,dbbobuooobob,goobbbooob,ggobbobuoogbbbaod
gbog3bod,gobgooon.

6.2 [0OQO

6.2.1 0OOOOO

O0000000000000000000000 110 (00,21-240)0,00000
Joddoobo,0000ogooooo, VEPOOOOOoDoOO. googoooooo, d
O00000000000000,00000 VSG Three (Cambridge Research System [
0,U.K)0000,00120,0000087.7cd/m? 0000 CIEODOOO z = 0.620,
y=0.353(0),z=0.166,y=0.162 (0) ,2=10.290, y=0.621 (0 )00 ,000000
57em000000000O0O00O0DODO. ODOOOO0,000000000D00O (O
0o20)00000000000RDO.

0000000000000, 00000000000/0 (R/B),0/0 (R/G)O 2
goo,00bdoooooondoooon. dooodooobogooooon, o
000000 (Sin) O0OOODOOOO (Sq) OD200000.000,000000/0O
00000000 (R/B-Sin.), /000000000 (R/B-Sq.),1/00000000
0 (R/G-Sin.), 0 /000000000 (R/G-Sq.) D0 400000. 00000 4, 5,6,
7,75, 8, 85, 9,95 10, 10.5, 11, 11.5, 12, 15, 18 Hz0 1600, 0000000 50 s, O
0000000 OzOODODDOUOOODDOOOO 200Hz, ODOOO0OOOO 053 Hz, OOOOO
OO060HzO0OODODOOODOOOO.

6.2.2 0U0OOO0OOOO

00000 steady-state VEPO OO ODODO,000000000000000OCO (1FO
0),000000000000000 (2F,3F,4F0O0) 0, VEPOOOODODOOODOO
gbooobgoooobob.obobooboboboooboobo,1Fobobo,2rog
gog,1r- 4Fr0000000000 VEPOODOODO 3000000. 000000
0000 VEPOOOODOOOOOOOOOODODODDODOOOO,00000 80000
uo.

6.2.3 2000000000

VEPOOOOOO,00000000200,00000002000,02x2=40
0000.00000000 (001,002 000000000000,0000000
000000. 0000 f[H7 000010000 VEPODOOO Ay (f) [wV], 00 20
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000000 A (f) [pV]000. 0000000 (4- 18Hz) OO0 A (f) 0 Ay(f)0D00
00 An.00,00000200000000000000

A1 (f) = A(f)

D(f) = “2E

% 100 [%] (6.1)

O00000.0 (6.1)0,0010000000000,002000000000000
O,000000b0000oooooooD. oo A,,.00000000D0,0000000
gobbobododa,bbbooodgboboboooabn.

6.3 OO

6.3.1 O0O0OODOOOOOOODODOO

000 11000000000 VEPOOODOOOOOOOOOFig. 6.1(d)000. 00O
000000000, 000 R/B-Sin, 000 R/G-Sin., 000 R/B-Sq., 000 R/G-Sq.
0,000000000VEPOODODOO (Whole), IFODODODOO (1F),2Fr00000O
(2F)0,0000000 (Temporal frequency), 000000 (V) OODO.

OVEPOOOOOODODODODOOOOOO, R/B-Sin. O 9 Hz, R/G-Sin. O 9.5 Hz, R/B-
Sq.0 R/G-Sq.000 4H0000. IFOOO0O, R/B-Sin. 0 10 Hz, R/B-Sq. 0 11.5 Hz,
R/G-Sin.0 R/G-Sq. 00 95 H2000,000000000000000O0OODO R/B
OR/GOOO0DOO. 2FO0000, R/B-Sin. 0 R/G-Sin. 0 5 Hz, R/B-Sq. 0 R/G-Sq. O
4 HzO00O0OO.

00000000000, Sin.0Sq. 00000 VEPOOO 1FOOODDOO 7-10
HzOOOOOOOOOOO,Sq. 00 VEPOOO2KODOODOODODOODOO4-6Hz200
goooooooo.

O00,0000000000,R/GOR/BO0OO,0VEPOODO IFOOOOOODO 12
- B8HzO000OOOOoooobooooooo.

6.3.2 U0OOOOOOOOOOOOOO

Fig. 6.1 (b) 0, 00000000000000,0 (61) 000000000000
000000000000000000. 00R/BO0 Sin.0 Sq.000 (R/B-Sin. vs.
R/B-Sq.), 00 R/GODOOO (R/G-Sin. vs. R/G-Sq.) 0O00. 000000 Fig. 6.1
() 0000,0000 (6.1)00000.0 (61)00000000000000000
0000,0000000010%000000000000000.

00000000000,0 VEPOOO2P0000,00004,5H20Sq.000
000.R/BOOVEPOOOD,00009,95H20,1F0000, 85- 9.5Hz0O Sin.
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O000000. 0000o0ooo0,t00 (p<0l)D000D0DOO00OOODOOOOO
uo.

6.3.3 UJUOUOOUOObObOOoobooood

Fig. 6.1 (¢)0,00000000000O00,0000000000000,00 Sin.O
0 R/BO R/GOO0O (R/B-Sin. vs. R/G-Sin.), 00 Sq.0000 (R/B-Sq. vs. R/G-Sq.)
gdod.

Sin.O00O VEPOOD 1FOOOOOO,000012- 1I8HzO R/BOOOOOO. OO
0Sq. 00 VEPOOODODODODOO 11.5,12Hz0,1FO00OD0O 11.5- 18 HzO R/BOOO
O00.00,Sq.01FO0D000O,0000 7 95H20 R/GOOOOOO. O00OOO,¢
goooooooobobbn.

6.4 00U

64.1 0U0O0ODLDOOOOOODLOODOOOOOOOOO

Fig. 6.1 ()00, 1F0000,Sn. 000 Sq. 0000000 7- 10H,000000
D00O000.000([85)0,000000000000000,Sin.000 Sq.0000
D00000000000000000000. Sin0000000000000,00
D00000000000000000000,00007- 10Hz2000000000
0D0000000000000.00,000000000000Sq.00,000000
0000000000000,0000000000000000000000000

Fig. 6.1 ()00, Sin.0 2F000, 000000000 5Hz0000. Regan[45] O
0/000000000000, Fiorentini O [109] 0 Porciatti 0 [110)00 /000000
000000000000000000,0000000000000000

Fig. 6.1 (b)00,2F000,00004,5Hz0 Sq.000000. 000 [85]000
D000000000000,2F0000000000000Sq.0000 Sin.0000
000000, PiehO [108]0,000000000000000,0000000000
075H,0002F000 IFO0000000O0O0O0OD,2P00000000000O
D000000000000000,Sq.000000000000000000000
0000000000 2PF00000000000000. OO0 steady-state VEP O, [
0D00000000000000000000000000,0000000 [111). 00
0000000000, 2F000000000000000000000000000
0D00000000000.000000000000000000000000000
0,00000000000002F000,000000000000,5H,00000
000000000000000000000000000000000.
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6.4.2 U0O0OOOOOOOO

IFO000, Fig. 6.1 (¢) 000000 12H2000 R/BOO, Fig. 6.1 () 00000
0000000000000000R/BOR/GODODODODD. Gouras[51]0, 0000
00000000000000000000 VEPD, 00000000000 VEPOO
000000,0000000000000000,VI000000000000000
00000000, 000 Crewtherd [52]0, 0000000000000 P100000
00000000D0D000000. 00000,200000000000000 (OO
0)000000000000, V100000000000, R/GO000 R/BOOO
00000000000.0000,R/BOOODONONONONONONONONONOOR/GOOOO,
VIDODOOOOOO0O000000,R/GO000000000000000000000
ooo.

000 [53] 0 YamasakiO [54]0, 0000 24 ¢d/m?0 Sq. 000000000000
0000,000000000000,12- 1500000000000 9Hz 24- 4000
000000 R/BO9Hz R/GO 12H,00000. 00000000,0000000
00000000000000000000.0000000000000,00000
000000000000,0000000000000000000000.0000
0000000,0000000000000000000 (8500000000000
0000,00000000000000000000000000.

643 U0O0O0O0OOOOODLOOOOOOODOOO

Fig. 6.1 (b) 00, R/BO0 VEPOOD IFOOO, 0000 9Hz2000 Sin. 000
0000,R/GO0 Sin.0 Sq.00000000. 0000000000000000,0
00000000000000000000000. 000000,000000 Sq.0
00 Sn.0000000000 [58)0000,Sn.0000 Sq.000000000, VI
000000000000 00000000000000000000000000. 0
00 [85)|00000000000000000,000010H2000 Sin.0000OO.
00000,0000000 S 000000000000000000000000O0
00000,00000.000R/BO0D0OOOCOOO0O0OOOOOOOOO,0000
0000000000000000 Sn.0000000000,VIOOOOOODOOO
00000,0000000000000000000000000000. 00 R/GC
0,Sn0S.00000000.00000000000000000000000 [54],
O00000O0R/GOO, Sin.000000000000000000000, Sq.00
000000000000000000.

Fig. 6.1 (c) 00, Sq.0 IFOOO, 0000 7- 95Hz20 R/GOODOOOOO, Sin.
00R/BOR/GOOOODOO0.000000000DOO000,000000S800
0,00000000L MO00O0O00O00O000 (9, 00000000000000
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0 (00D0OO0O0O0O000e0301),0000000000D0DOOOO0O0ODO 10100
gogboobob,0obobovioboboboobooboobooboboooa,
O0000.00000000000b00oboooDoboooDoboOoobDOoD, Sin.0O00OO
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O000000000.0000,Sn.00 R/BOR/GOOO0OOOOOOOOO, Sq.O
00 R/GODOOR/BOOODODOOCOOOOOOOODOCODODO.

6.5 OO0

2000dudooooooobobbobbbddoooooo,20000oobboon
gobbobuoooobboboooobobobo.buog,bbobbuooobbboood
goboboodobooboodbboog,booboboboobbbooobbooobbood
0000000000000 0. 00000000 /o0000,00000000000
gbogoobgoo.
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Fig. 6.1: Relationship between temporal frequency and characteristics of VEPs for (a)

amplitude, (b) difference between stimulus patterns, and (c) difference between color

combinations.
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