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Simulation of 1/f Spectra and Parameter Estimation of

Cluster Poisson Processes-with Applications to Human
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Abstract

According to human heartbeat character, The 1/f characteristic in point processes
was tried to apply to the healthy human heartbeat. The spectra demonstrating an 1/f
pattern were shown to have been resulted from cluster Poisson processes. Therefore,
this paper tries to fit the cluster Poisson processes model used in modeling cat’s
mesencephalic reticular formation (MRF) neural spike trains while during paradoxical
sleep (PS) and bird watching (BW) to human heartbeat patterns. Exploring the possible
relationships between parameters, and estimating the parameter values of healthy

human heartbeat by the trial and error method.

Keyword : 1/f spectral density function, Heartbeat, cluster Poisson processes
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2.1.3 M X P& (Homogeneous Poisson Process, HPP)
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FPEREFRFR R R R AR REEF R OF A AR R T E g 2 Ap 3
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fie (independent and identically ) « 328 42 " X i 42.2 4 4 B Hi pF 1 PR, B A
fe (exponential distribution) » @ A H T PFE PN T 25 4 P E LA

( Poisson distribution ) °

2.1.4 iax it v} i§f (Nonhomogeneous Poisson Process, NHPP)
A & 2L Y X 2 R (intensity) S8 A EEF 7 B
MmoETsE s Fpt o APERtZ Sfice ZRIBAM Y X N iBARE KU T 2 B2
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L A) = lim{

2. PIN(t+ A0 = N(©) = 2] = o(At) » £ # o(At)is Llim T2 =0 7 & fmiep

0 At
BERAG2 530a T B2 585300

3. P(N(tp) =0)=1- (Pinsky and Karlin, 2011)

22% & AP T Hk (4 Rk 2013)
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a1 & 4% (primary process )

I REARE D - P AR F R e T RF L BEF B B 2F
PAFHY > TAFEFOgR AL FEFS KIS gt L A AR
H A5 S e T

(M)

PN =k} =& e A k=0,12,.. ; 0 <At < oo 2.1)

E(k)=At - Var(k) =2t
NS U A A pedrE - Sl 5 WA Sl

AR AT h 4 BB IRE A A e Bl R AR D R IR
Kdpdes e B S R R SficheT™

fx|A) =2e™;0<x<0;A>0 (2.2)

1 1
E(x) = 3 Var(x) = z
lé:}%ﬁ’zé\ﬁaﬁ’ﬂz& ¥ ZABREFHECEFRFl S Hk
=x & 1§ 4% (secondary process )
i LAY > FBAEEEE L pE (trigger) — @ P hX & F i
(secondary events) » #£ 5 # & (cluster) > - LB E & ¢35 M BEts
o dd MG - W R G - BRI AR B 0§ ML £

TFRFALARFEFA > XAFEILFE o ML &7 iR dd 2

ERCEAMF O R F RS LG EERE L - HE D APl
HETR, I Bk Ao g FE PR & L £ iEA% - (Grunies
etal., 1989)

Bk EE PN E EF 4 O IR HoIE 4 e (gammadistribution) > 12
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%= & i 4% (complete process )
B3 HE O VIEFELARLRE RERFACSERERLE > A8 -
& £ % & 7| (indistinguishablesequence) » ¢ — = e X i 4275

HiE o EHBNBES £a 5 o oW 69 o

3R A ! ! ! | >t
gy AL Z my =4
TR S - my = 4
W3 - i L L m=s

=< & EAE ! !
#H4 ; i ! L, =2
R I I I A I I R

B 63 F " X triEiz

REEEARTD - BA)2 A BT B AT L TR EMAR ) TREE
APRERER ST EN G T EE2 BEXBE > Gruneis et al.(1993) ¢ 2t = &
EART U KT S#ick Tl
y(0) = X X7k, 8(t — t; — ty)). (2.5)
He » ;F 3 BiEARPPFFIL ) —0<i< o

tyRex & AR g

N, Z tkBEEN w4 F 2B (clustersize) -
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2.3%# # B3~ fe (Cluster-Size Distribution)
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mZ

P(m)=ZNO —  —®<z<0o (2.6)

m=1
B o Nos BT~ HE Bk

Z i TR

ZNO mZ+1
E(M) = Sy, mP(m) = =800 2.7)
m=1
No zZ+2
E(M?) = ¥ m?P(m) = Zma™ . (2.8)
Tyl m

R 2 BB IR T 1Y TR A AR e TR R ELRG
BEaRA, . B h AR k¥ YRR FEXR & £ < e H - Meesmann M., et
al. (1993) pho Adhepra E PR e R U & A 0 &

P AR AR R R R ARt o

11



¥=F B3y

AP o Repie TRY SR Y B RR 2B IR
(R-Rinterval times) » = & — F 7| enc?)] o
IR A 5|2 H L 5
311 FHEE

PER A7) (timeseries) £ R I G 2 F A et BREBRBHFTF

fEREFRIDE S 7 LS E RN R FERETRRE LY - BFRE
SRR G - B E e AFEF R TERY 2§ 3 E1 RS 3 B
T_& 3 A 177 (timedomain ) 22 4F 3¢ € & & » 177% (frequency domain ) ( Boualem,

2015) -

PR B A A 45 2T A XA 4 T
1 PR RS A T2

Fr R P e TRAT B REF S AEATE T AP AR B B e
2. M F XEE TR

o 3 BAA S d & = F a3k (Fourier transformation) - it BY FE chps F 5

FldE e SHE > 1UHE A F (Spectral distribution) 3 N A IR T EA 5 o
BB P IR S AR U el RN A AT LY

A ELSY o AL REREERY S Botrzketr o 1045 8

f:'— rﬁ;‘l— ﬁ’tﬂ% ﬁi{Nl} ©
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3.1.2 B #4p ¢ S8k (Autocorrelation Function, ACF)

Bk - TG EFI{Z;} > 2 a4l Sl

COU(Zt,Zt+k) )/(k) ]/(k)
1) = _ _ v, 3.1
p( ) Jvar(Z)Jvar(Ze)  Jv?2(0)  v(0) ( )

2P o Var(Z) =Var(Zey) =y(0) > 2 GFFFt2 t+tk 25 /0 2 ¥ 8 8o ot -

LTREAIPRE RS2 ¥ - B o (%% 2> 2001)

313 #E ' I RiEmAFHEFN

% Gruneisetal. (1989) ¥ @ zfimzZilf 1 #H B ' I P iEARHE A > H ¥
HE A PREAEIEHE TR J#s(HF £ 5 v wk3  (white noise) ¥ 3E ¢ k3
(excess noise > EXN) i&d R4 > H S#icdk 7407 ¢
s(f) =2 < ngpr >+2 < n. > Q)

=2<n.><m>+2<n, > 3 (3.2)

<
(f<a>)P

c
<ntot>=<nc><m>’Q(f)=W’

< Moy > BT 2T 355 4 & (mean rate of overall occurrence of events )
<n,>:!#EETiHE 4 F (mean rate of cluster occurrence )
<m>:#¥§ T =B (the mean number of events within a cluster )

Q) : #HHEPF=4p3 2 B 1% >

<AS> HENFEFS 2 THFERFRF

c . # # (constant) -

f+#5 (frequency) -

bi i H R 2 had KD

b=0 P —o<z< =3
b=z+3 s —3<z<-1>
b=2 ; —1 <z < oo - (Gruneis and Baiter, 1986 )
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BAEGEA Y M f R AS(DE F I o AL S MO SRR
(low frequency fluctuation) 2 1/f &A1 88 » 3 & * L B4R L £ & M- o

Bl 7 5 - Eyt#cc B4 B (double-logarithmic scale spectrum ) »

<

A oud 0w BapoheR v > HP AE R/ fO B R B3N L 3E

3

7} v

feq o SRR ) RFE T RF 2 R EXN ¥R DA Bl A B, o

Nud

BRSPS P B R s(DP-dp ik

A Log s(f)

Z

£ .

c |

(] |

© |

© !

' EXN !

Q 1

Q_ 1

n |

o l |

2= [T i B /'y

g | | I MIN
! LT WN
i i A\ 4 >
Fo F, Log f

Bl 7~ B¥#c RARH B
WN @ ¢ w4 i [Fl
MIN : -] >t o wed -k T 2 ek -] & (value of the minimum beyond the white noise
level)
EXN = E(M?)/E(M) : 3 ¢t w3 «hf ] (range of excess noise beyond white noise
level)

Fy @ g ¢twe5 = R (lower limit to excess noise )

F, - ggebwi3 + % (upper limit to excess noise )
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