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Extraction of Alpha Wave Constituent Waves and Its Phase Analysis
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Abstract: Alpha waves are electroencephalogram discovered by Hans Berger in 1929 and have been studied
by many researchers. Recently the amplitude and the phase of alpha waves attract attention, and various
studies are reported. So far the alpha waves are not concretely modeled to explain how they are constituted.
In this paper, we analyze the phase of alpha waves for their future modeling. As pre-processing, we extract
alpha wave data from EEGs and divide the data into alpha wave constituent waves. Analyzing the feature
quantity of the alpha wave constituent waves, it turns out that the amplitude and the wavelength of alpha
wave constituent waves are correlated possibly with some time delay.
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flsDdEsr &0 b KE <, BHESHIERONAHO SERAH A2/
L A AMEAMEHE 2R L2 E 05, RFHE o #
R RN B L I TURELZREL TS, 20k)
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Fig. 3 Alpha wave containing time-series data and power spec-

trum.
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Fig. 4 Envelope and the resultant data.
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Fig. 5 ICA results and power spectrum.
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Fig. 6 Algorithmic conception diagram.
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BT — I OEEE o WHERER T L ICEBIH L 21T
IDIEIWNETH D, #2T, AFTATYTANTEANT
a BT — 7 OFELEIT, BRIE L 2RS0T 5.

o WHEBGE O Y L IO W CRLICEIT 5. 7
VIT) A L0 %R 6 12”73, T3, Stepl TIEFHE
LD a7 — 4 %2 TRIOTER T L 125E L, THAMO S
DHEEFHICIEE T 5. RIZ, Step2 T, a7 — 7 064
BOKEZIEFIEY BT 5. Step2 THH L7z EIE %
FiEL L, Step3 Tl a7 — 7 2 HO/NXKBE T L1255
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FOLRVNEREENEREEIN T L7720, INLOH
ExillatbesZ & T, 813Hz OWIEE FHOWIEZ
TR 5. Stepd TlE, /MR T & DWILO R 2 HLE
HE2REPATEEL, ET S, &I Steps TT
NRTOMXEFEEESED LT, o WHERIEIZERT 5.
Stepd TORE R HMA® L1, o FERBEEK S O FIAED
WIEIR & BAEDEIIROZEDEE DRI D b D 2T,

RIZ, Stepd OARMEE % V72O PLE HEIc oW T
BT A, BlE LT, &5/NXEAND Step3 KR TOWEIE
TEAT22, 10, 15, 25, 7, 7, 26 CHLGEEEZ L. T2,
BRI ENZNORERS IR LTS, &RNER 7 12
RT. ETAOIE, 1 OHOERIEE 250 KDOV— e
B, RIS, EOTIZIBEOMEICKHRERSOEBIRE R LD
D, FOFIIKRSOWHRIRZDS DEEMNT L. 20
WA R AOWEIEIRE T BT, 72721, EOTofEs
a WO 8 Hz OW IR B2 5556, ZORIIEE
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Fig. 7 The binary tree search method.
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TERDHOT, 22, 10, 15, 25, 7, 7, 26 DEEIETIZ,
W1 D22 — 25 — 25 — 14 — 26 i LM AT E &
Lo ZOXHIILT, BEh o BRI AR TS 2 A
T&5,
UTFCTRHEMART VT XLCOWTHAT S, X6 0%
Step DA v ANOFEFIZLTOT7 IV T) XL OFF L —3
T5.

AT adT—% S ={s0, 51,

WD o W R = {ro,71, .71z}

W)

V2= 0) B

1 ¥EIEY 2 b C=NULL, /NI A+ A = NULL,
ANOD o THERI) A P W = NULL 2 JHET 5.
o W ORI BB OB IEEE AD, o # ¥
B om i o igE s AC L35, o R F
IS B 20ARE LT, WIRIRZ I 5 key, key &
AC ED#EEET diff, EOF~DRA 5 Heft, £
DF~DRA % *right % F5D node Bl 7 — ¥ H 1
HET 5.

2 jl=0&L,jlZ 1,5 N-1FT1ITOWMRLAEN
B, 3EMIR LK 4T,

3 si—1 > s & s < spp BUECY s BIREL,
bjp=il &L, jl 21§27,

4 M=jl-1¢&L, 2%025M-1FT1 o0
Lsh, 5 &#DRL7HK6 IZHD.

sy (NRF—=550)
(Z 1% o PEHERR
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5 Cj2 = bj2+1 — bjg

C=C+(¢2)

6 CORKIEE cpax £ LT, V= (cmax—h) ©#5. h
IEEOER.

7 R =NULL
i3=0

8 j3=1i3, k=0, L Tj3 L kZREIZ1ITOWPLL%
o, ¢z >V EE 3 < MO, 9%#) KL%
10 125 T,

9 ar=gc¢3
A=A+ (a)

10 Num =k

11 node F® root #1EKT 5.

12 root = tree(0,0, Num) & FETT 5.

13 pre_order(0,root, Num, W) #Ef73 5.

14 R=R+W
i3 =33
A = NUL

15 i3< M O, 8 ~NE5.

FHmBI%L  tree(t, val, Num)
1 t=Num®&&, NULL Z&9.
2 val# 022 (ay +val) > AD & &, NULL #3&.
3 node BID netree  ERLT 5.
4 newtree — key = a; + val
newtree — diff = |AC — newtree — key|
5  newtree — left = tree(t + 1, newtree — key)
newtree — right = tree(t + 1, 0)
6 newtree & K7,

FREA% © pre_order(t, newtree, Num, W)

1  newtree=NULL D& &, #7735,

2 d; = newtree — key

e = —1

pre_order(t + 1, newtree — left)

e; = newtree — diff

pre_order(t + 1, newtree — right)

newtree — left # NULL % 7213 newtree — right #

NULL ® & &, 11125,

7 Sum=0¢&L, x1 20225 Num—1FT13ohR
L7755, Sum il ey ZIZ 5.

8 x1>0722min<Sum D& X, 11N, £9Th
W75, min=Sum &7 5.

9 W=NULL, x2=0¢&¢L, y1Z 125 Num—-1%T
L3O Lad s, 10 Z#)RT.

10 e #-1DEE, wy =dy1, W=W+ (w2) &L
T, x2% 1 3207,

11 #7945,

= S
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Fig. 11 Time-delay correlation.
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