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Abstract

In this paper, non-periodic properties of the Ep type brain wave (E. B. W.) measured by 10/20

methods are discussed with the Wavelet Transform (a kind of Multi-resolution Analysis) which

makes it possible to analyze the time series in the 2 dimensional plane by the time and frequency.

We especially took notice of a pulse wave called spike characterizing the brain wave which

appears suddenly in the time series, and analyzed it by the Wavelet Transform.

The results show that the non-periodic spike exists in the data filtered through the several

steps, and its time position can be precisely detected.

Keywords : Brain wave, Spike of brain wave, Wavelet Transform, Multi-resolution

1. EL&IC

BAE, NoOEEN, MRNOEX oMb BN EEI X
> THRONBEBRA v A ARYD 6 7e ARG FIC X
S>THHEZATWS, Mk, ke LToEeE (B,
EE, (M7 s) PRI, ERHEPLERERO X
S5iIT, WENHE L L TERORLDZ$DbH 5. filh
L Th, BEICIRRR e En B 0, Thba AN
N, FERBRCIERRCD, DAV hBHIHE
BMIZER LI LTwBb0b55, - OKEIL,
oOWEEI 25 ETHEEREBL OOV EDTH DY,

—R, WELDFSEHRIL, W OLDOEDOEKT

H5B, TOWE, EEOREE S, 2ok 5k
OENTCIE, HL 067 — ) =BV BT Xk,
Lo LB, FEEo X 5 MO8 THBH DT
REBCERY BT WE 7 — ) =@, dislL &
RIsWERS B 5, HEZ DL > REMEERYIES Y
fEAT T 5 L CRIREFET S, H A ARV
e L HHME IR TV B8, ERX T, ZOMK
WORECEE L, FERAN e BR 2 T3 % B I RF I HE
B L REEERIROME» SRFFICRRTE S L0 5 B
ROV = — T vy MEEFRAVAZ LI LA, X BT,
COFEL 7 - ) =T L OB R 1T, ke
Ye—T ULy VEBIE T a8 - LCHV, e

* 1 TEMAMER TFHRETRENH  * 2

TR T RS

* 3 EEREZ Y = v 2 ERf



v — 7oy FEBRE 7 Ep BRI o AT

L, Z Db & EfML 7.

2. 18 £

2.1 =7 Ly b E#

V-7 Uy VEEGCD L, vy =B FERE v
== 7V B E N BRIV 5
DESEBTH D, 7V =L OKE BV, £
DEBOMECHZ. 7 — V) =EBC BT B,
ZABAKTH Y AR TR B L ARICRTE L T
WEY, FRIENLY = — 7 vy AR DR
3, RS CORERCESLBMR, TOkD, H
LA O B D, o R EEEs o BEE
i3, 7V ==FHUILIR T, Y= — 7V oy B
T, TOBMEI=F—v=2—T L v FEFRZH, X
DR (2.1) TEINDTF I v FTARrii-+K
DRV BR S,

fodr=o 2.1

Iz, R@2D 3, CoBBEARENTHLC &
HREERT S, ZoFRMMRECTEBCRFD o, bT
RENBRY =1L, 7 bDFEARAFTA -2 XHNBLI L
kb, To=¥F—wve—7 1y b REERERCEE (>
7h) Lich, A (Rr—n) E25ZL0L 5T,
T OBRBOFFSWE X R, BT A ENTE B0,

o, (2.1 ofMRcTEBEREMED D,
ORI, BRR RN REI R TV B, APf%E
T, =¥ —9=z—7Vvy OBRED1DTHD, v
==T Uy PEBE 7 AaLEELTHVAEE, 74
DSME (ZH), TR (M) OR(ENEHE LS E
PR FE RATT % Rl 7,

2.2

2.2 SERGERNT
LEFREFTIES L I E S T2y — L TR
T 5 & EHG SR BTIETH b, Morlet &
ZEXOw=—7vy MR EOEBELBEE HL X
TR~ —v = -7 vy MERED 1 DcHvbh
BLOWlho ™, o TtINRETAEM S LT
RRIGESE2EL2DZ L T5H, &, TOHTHEAZ
NTWBXTFj, k3B THY, LEBREBITICE
VT, by = s A AR EEITAh B (2.3) TE
HBXNBEBE R — V) v 7B E TR,
$(x2)=2 (22 — k)

CORTET Ay Vv B It 5Ty = —

(2.3)

Tvy b Y REBRZENTES,
P(2)=2qep(2x — )

ZIZT, b gt Th T h, H (2.3), X (2.4) T
B2bhd o RPICL->THRELHEINTHY, 7 —
& D4R, FREBOCRI T 5.

Kz, X (2.3) O x Ve iz TES f 2R
(2.5) XY TE R L& 1Ay —LjTD S
DB ERELSZ LT 5.

f,(x):;ckjtﬁ(Z’x —k)
TIT, RE S BES S L, JREEL hF T A -
RELIEED G LDONETHD, Tlob v — o 2x
VR ES LS o A ENTE, Ay — Ak ]
DFF I itk s ThRbhAEES g XA LY
ICREXNh 5,

fi(x)=fi-(x) + g (x) (2.6)

g bR VTR (2.5) LREICEGETE
btz Emnc s, THRE dS b of Ak ES /
L ¢ EONETH B,

glx)=2dé¢(2’x — k) 2.7

COXORLTEST B Ar — LT LD L T
WS ZENTES, ERES S OFBR S L -
TELRI o, dHBCTITY 2 ENTE S, ks,
B b, ¢ ixb o~ 2y —2BREHALLTWSDT,

Q2.9

2.5

-
—

scaling function

-1

wavelet fanction

Fig.2.1 Haar’s functions.



ZRE - R - FHEE - ik

P AT O T e

P4

o
1fsec]

wwww%wwmwwwkwwwNMdeWWWAﬂ“wﬂwﬂmm

t

Fig.3.1 Brain waves at F3 and P4.
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Fig. 4.1 Scale resolution for the brain wave at F3.
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Fig. 4.2 Power spectrum of the brain wave at F3.
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Fig.4.3 A spike reconstructed by wavelet transform.
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