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Abstract

In Grineis F, Nakao M, Yamamoto M, Musha T, Nakahama H., 1989, An
interpretation of 1/f fluctuations in neuronal spike trains during dream sleep, the
fluctuation of the neural spike-trains of cats while during paradoxical sleep (PS) and
bird watching (BW) was measured to obtain their spectral density functions. The spectra
demonstrating a so-called 1/f pattern were shown to have been resulted from clustering
Poisson processes. The 1/f characteristic in point processes was tried to duplicate in this
paper. Different patterns of 1/f spectra were generated via clustering Poisson processes
as well as Box and Jenkins’ ARIMA series. The relationship between the pattern and the
coefficients in the ARIMA models were discussed. The further research directions were

also proposed.

Keyword : Neural spike-train, Point process, Clustering poisson process, 1/f, Spectral

analysis, Autoregressive integrated moving average model.
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REFAUIATIFEATE R - EH - FoR + SORDIREELER R 51 B -
B PIEEREEN

B SEIRAHA% ( Reticular Activating System ) JZH&HEIHY RIS - L FYREERH I
TTHRS - SN SRRV EE - o] DI HIREIR B EE - R8T 5 - FHERNT
R ~ SRR - RIS BN BRI ST - A 5enEa - 4
BRI ~ (HESEERITIRE -5 AW FE IRV — e g2 > BIWFST B — Ay Ak
AR YRS R o (BA5E—, 2008)

[ — ~ SRR TTHAE S

FHEET (neuron ) » XA HELFBCHZL AR (nerve cell) » ZAHAE Z4ey 4t B
DHEE B — o BEARIRARTT IV REBITHRE S T 20 6 - (HAEHE L R B0 ] 47 i i s
(soma) FIfHfiAEZE (neurite) JESSY - HIXE2E X origiZe (dendrites ) F1##ZE (axon)
WiTE  BHZERVE LTS - BB AN A T IR R AR IS B - R AR o T
oIz IR EH g U7 5] S DiRe oy R =T AT ~ EE ST aOT - B
A AITEAHETT - B A oAk ¢ BEUXE (receptive zone ) ~ fifatliE (trigger zone ) »
{8 (conducting zone) - It (output zone) » FEUTEE * FyfsfZE FIREAGHIED
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e P F I AT e iR RV R S @ e e B e a A ZR1& A R Y
FatRtE AR E R AR M - M2 ST Z HHY - Box-Jenkins JEE H 5]
MR TP R R HAEERE ~ B2 ERIAVEE AR - NIHIRH4E Box-Jenkins Y
ARIMA 55 > HIFY ARIMA A PRRF SRR 7 H—EAERE - (AR ATERST
&R S PR > SR L ARMA B Z -
© HMgEE

NAEEREER > {5 B R Ry 0 HYRESHENSE - Rl R t ey (E B

ERFZINIARACHIE A AR - & —(EgaC iR R i 75 {e,, t € Z} -

( White noise)

Ele;]] =0,t€Z,
Var[e,] = E[¢?] = 0%, t € Z,
y(K) = cov(e;, ) = 0,t€Z,Kk+#0
@ p PEEFEEFZL (order p autoregression model ) - f&f# AR(p) :
e HIEFY Iy t€ZY ye = c+ p1yea + PaYea + o ppYep t & 0 C
iid
Fp1,p2s o) Pp B8 > Hopey ~ N(0,02) » RIFRFTRELEL 21 Ky — {8 B FE R (AR) &
oy U =p1Vemr =) + P2V — ) + -+ pp(Veep — 1) + & 1Py P2, -, Pp
RZHO &%y =y — o HEBE By = p1yioa Hpyica o ppYip t e
P, (B)y: = & > iE(# B (Y p FEZIERZHP,(B) = (1 - psB—p,B2 — - —
ppBp » EH B Z1%EET (backshift operator ) -
PR Hi{y ) R im 25 p B ) BL A (B & Rl iR s By AR AR e e
TEIELAAL Ry p P& B POEEREAY -

@ q FEZEIEEERA] (order g moving average model ) » fi5fE MA(Q) -



JE—HIFERFY Iy t €2} yr = u+ & — 01601 — Oz 5 — =+ — Og&¢_g > Ul
61,02, ..., Hq%%%’éi’ﬁqjetlfi N(0,0%) RIFAIREIE P31 R—(ERE E - (MAYRE R «
AJECRY: = u + 0,(B)e, (RIBHE T2 IHAR0,(B) = (1 — 6,B — 6,B% — - — §,BY)
JRENBe, = &4 ©
HEA AT E W {y 2 S Y e J 0T E BB 2 g FIERVRMEH G Nitke, A
GEE y B q (ERKMEY +1) Verzr ) Verg) * SUEPRIFEES o HAYRTRE v~ HH
B > FrPAEER {0, 4 = 1.2, .., MERT - {yJE & B —IERRFY -
@ HiEEFZEIEEHEFE (Mixed autoregressive moving average process ) @ fEfE
ARMA(p,q):
AREIRS > FE—BIER YL t € 2} ye = ¢+ p1Ye—1 + PaYea + - +

PpYt—p T & — 0181 — 0282 — =+ — Bg&_q > HHPC, pypa, -, Pphl101,05, .., B FHZ

\\Xv

iid
BU{E > & ~N(0,0%) » FRFITE L P51 R —(E B HIEER % 8 °F 15 (ARMA) L = -

Ve —H=p1Yee1 — W+ p2 ez — W) + - + pp(Yt—p - U) + & — 0181 — 028, —

—0g€_q > XYt =Ye— W B EEEE Byt = payioa T p2yiez + o+ ppYip

€ — 0181 — 0285 — - — 0g€q ﬁ%ﬂ)ﬂzd)p(B)yt Oq(B)ey 1BIBETZIEAST
Bl By @,(B) = (1—p1B—pyB? — = ppBP) F 0,(B) = (1 —6;B—6,B” — - —
6,B9) -
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F—f WEE

EFHEYT  FRAE SRR R AR RIS > 12 LiEE
RIEEBUEE L > BT DR ZEM A —BEaR A st - 15— BebEt&aais
FY & B {E (realizations) & FH— 7 SRR AT - F AL EERRER S L el B
AT - HEE AR G B Em P Mt MU (S Btk G 18 72 (stochastic point process) »
fEkbEAE - (BRAES, 2009)

— (R AR A B R E ] DU B3 A 2 I 5 1{e A AR A > (H LY 1E
RREMRSR AR > A e DU BB FT A IR Se ke - I > Ry 712
TR SEEHTENE R SRR L — RS AR - 38 5 A P 38 A R By e { J B
WA [R5 ZURH e ARV P51 - TR A1 B B S 2t s > ]
ARG AR AR B -

WIS ISt =t — tiig,4 = 1.0, (t = 0) » (UFEE 4 (EEIEISEEE
i (EEAESE — VEEZ R IR R {t 2 — Y IR I E Ak -

T1 T2 T4 T35

T T T 1 T 1 I T I time:
1 12 13 t4 15

B = ~ FFS AR IR Y B R



B ERBERE

AR YT 85 PR A 1 81 T 25 5 (window » TR w28
YR BT R—EERFS] » BNQFRTR « MRS T - B
— B HHE A T

| N I -

I T I i I ! ) i I i !
0.2 0.4 08 0.8 1.0 12

w=0.2"F > 0.2~0.4 % ERINEHIE © 0.4~0.6 fi# 4 —XEHE 5 0.6~0.8 )2
A#E 5 0.8~1.0 IS AR RNEE - (HIUEE—RVEH IO AR B R0
LEVERHE LG MV EER - 47EE 0.6~0.8 el A B EIE O -

N(2) N(4)
to t1t t3 ty ts s

N(1) N(3)

WM — TR RAET RO A — B R B A REGET R - DIgHEREZ HiRE4
R 1 BIREHEE G RAEERE A o tEAGTHR - I8 51 - BB -
F BB EREE > t=0.18, 1,=0.34, t,=0.35, t3=0.51, t,=0.82, t5=0.91, ts=1.05 > {£55
—fE NOORVEF T > E A EEE NONEIRE b FIERE b aEsEa ot ik

b E VEIRE - FIEEE NONERE @ 28R E VRS ot > aF

t,—02 t,—t; 04—t, 034—02 0.4 — 0.35
+ + = 1l
t,—t, t,—t, t;—t, 0.34—0.18 0.51 — 0.35

RITN(1)=2.19, N(2)=0.92, N(3)=0.61, N(4)=1.71---55 » [LT/AREAEN—# P - HEN
FEIEREASHEIRITA - HEBEHEAVRRT O HIEE P REEHN
A Gl RE &R R HHIRE -

= 2.19




EE BEEE NEFAEFE(Clustering Poisson process)
(—) BF&E NEMERE Y EFR
BEEE N ELIABIERA B R DL N ELARBAE Ry ESBR T S8 E M  —{EFESE b KL
PRIEAR » JEH—FETE R YIHTEE RN & A [ 85 BB A SR (RIS o 8 A St IE e HF
SUHEY - © B & T S B AR [ (S A (7 (57, Grdneis et al., 1989) » 24zl
wr

BHE4 L]

Y~ BEEE R EER
@ FZEFL (primary process)

YR £ ERATAEA - (Crineis, 1989)
@ KEHFE (secondary process)

FEEEARET > 5 RSB B Gl s& (trigger) — YRR E LM - BIEFSE
HERE AR m (EREEATAE R RREERD - SRR ER IS - B
HAMERE - REGAZAS SR ENES - Kt & m=11F - A EZEF
WVEEE » RIBSHEMREAE » FEBFENES & m> 15 oRbEREhE
TR B E SR — P R BT » B RHERRTE SR -

@ FEELEFE (complete process)



RFTA RN EIRF RN R Z RESM » KBS ERR IR RS - PR—
{[E[fE 7 31l Fe 4 (indistinguishable sequence) » JREIE —{E 52 B HTEFEE [ BIAEIRIZEL
% » SEEENIVEST RN EFERE T -

(=) BEBE 27

FHEIBREE— AN F R - G MR il ERZ

FERFE ] t s x REBRHUMER - R Eoal | o

—At X
H@:iT%LJ:OLmeﬂ§Ah<m. (2.1)

E[x] = At, Var[x] = At .
#r EEERE S AR N EUAAAC - E PRI R e e fe U B
09 =2e™,x=012,..,02>0 . (2.2)
E[x] = A, Var[x] = 2% .
(=) B i

BHE RO ORI (AR R 2 A (A 9T BRSSP m %
R HHE R

P(m) =2Nf)n — . (2.3)
m=1
Hrf o NoR&GTE Z B KRFREE > 2 R EEY
M B (E By
Zmi z+1
E(m) = ¥y, m + p(m) = “— (2.4)
2m=1m
m 2 KB Ry
No z+2
E(rnz) = Ezgﬂilnlz . p(rn) ::25%%121__ . (2.5)
z:mozlmz



F=F WRGE
T—E1  FERESTHT(spectral analysis)
AERS R 91 53007325 5T 43 R 2858 4375 (time. domain analysis) FISEER 2 2%
18 i (frequency domain analysis) i AJH » W& HH Ff Y AR A €6 A8 (15X B ERZ Y {#
H|E= e (Fourier transform) & FSE(EAYRBH % - LEAIEE —EEHSRAVAEA » ATLURFERE
5 P12 PRI AR SRR R AR e e+t m P 2 (R SR e s e [ [ 2
5 - (Shumway, 2000)
@ HFfEEFRI T
DU 4% A B g 51 S el vy Y FE R (% A1 A B FHH B8 e 8 (Autocorrelation
function - fjfE ACF i R SR IIE -
Q) FERERBIIT
DIFFRA i BRI R BRI 52 » 408k BRRE AR E F81) - R AR A R 7
HE AR - BRETEUEHME N B BRI EE M - iUt U7 A S AR T RN -
AEEG AT B ES JR A E Fetskins - E B TR B IR 1 - SRR
bR & (spectral density function) S()RIARZ f AYRREL - FEHAME (seasonal )i E P4 1/E
TR0 GEE—X 0 & RABHRECEERZ Hh 4 (cosine curve)
Rcos(2nft + ¢) . (3.1)
REARE (amplitude) - fZREI(frequency) - ¢ AR A (phase angle) » EHYEHST
BRI B 5 F =7k (trigonometric) T 2 BULFR Fy
Acos(2nft) + Bsin(2nft). (3.2)
H.rf'A = Rcos(¢), B = —Rsin(¢) » 7RE] R = VAZ + BZ > £ m {HER5Z 4R NIEE
SaE —IRIE ~ BEEIFAEALAS » SRR E oA

Ve = Ag + Xjm[A; cos(anjt) + B; sin(2nf;t)] . (3.3)
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N 1
HA A0 < f; <f, <+ <fn <, A~N(0,6;%), B;~N(0,0;%) -

i

—FFEvi} = L v-2V-1.Y0, V1, Vo, - BT EEGIRR S R -
S(f) = vo + 2 XL, Vi cos(2nfk) . (3.4)
Ve = f_%lS(f) cos(2nfk)df.(Cryer, 2008) (3.5)
BFEEG FLPA RS 2 SR 3 RS e B W B 0 4H R 20
S(f)=2 (nt) +2 {nc) x Q(f)
=2 (ne) (m) +2 (ne) x ex (fx (A ))™° (3.6)
1E FANEEE S BT R > 55 T IH Ry ERY NI (excess noise - filig EXN) -
i () = (ne) (M)~ QU =cX (FX (A ))™>
(Mot ) = EBE{R4ENZIgE54- 22 ( mean rate of overall occurrence of events ) »
(ne) * BEEE-V38 42 (mean rate of cluster occurrence ) >
(m) : B (EE ( mean rate of cluster size ) »
(N ) BEENSER R PII R R
Q(f) : BEENEAIFEIMEE Z R
c * H# (constant) -
f 1 B (frequency ) -
b RFFEE 2 (I EES

0 , -0 <z = -3
b= z+3 |, & 3 =z = -1 ,
2 , o8 -l £z £ o

(Griineis and Baiter, 1986) -

BT R K SRS ( double-logarithmic scale spectrum ) - 2 1/f i ENE
» Horp Y DI N Y BT Fo B Fy R ER[E EXN BSK HAREE A RER B,
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TR B JERA 8 (Power transfer function )
EAAVER BN o —(EEERATE A o & H— (B4R 1 R R e
(band-pass filters)ryidifta - Sk —(EARGAVERN - BT -

PN Vi A iy
X® — |[h® ] — Y@

(B4R Y B bR Y (transfer fuction) /2 (T 45 EMREZRIN T » #i AR E5E XQOHIHFES
RS, (F) -

S,(f)=J" yx()e™?"/ T dz . (3.7)
[z it prig h(t) (response function) s i R EELR MR H (F) » HEEIRIRAEY
[H(F)[" B8 sy -

H(f)= " h(t)e 2/ tde (3.8)

H(f)-H(F)=|H(f)]" . (3.9)
EEHEESER S, (F) 2557 XOBEHREHFEREE > 407 ¢

S, (F)=S,(FH(f)-H(f)=S,(f)-|[H(F) . (3.10)

ARFZEAEIERIET H(F) =0(ei27/) » Hrhel? = cos@ +isind - (Shumway, 2000)
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Rz s (filter) S REHUE R E AR R EE Z 5H5E - FRE N Z FEH - L H AL
R ESHIENSE » MR DS MYRTAERGR » (RIBHARERE > 1oy
Fo T REEER 5 (low pass filter) |~ = 25 (high pass filter) |~ 77 i i 25 (band
pass filter) ; k. " #r{EIE K25 (band reject filter) , SEPUMH - FEAMZET > HEH AT
TR 25 < DHAERF I ISRET - (PRI, 2002)

@ {RiEIER 25
(R R By D RE IS (F LLEAR B Y ERER (B ARH TR 57 & w2 BRAES - SRR 73
JUECECA Z 528 > thtiesh - (BARENsR i —A BB (cutoff point) » S AHERSE

Tk o AR A il I A T

& \\
324\
58 \ -

o =48 #1E3
oz R\
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3 AN 7
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= T T T T T
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