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Power Spectra of Sinusoids by Maximum Entropy Technique

Toéhiki Kaxkuta

Abstract

Several facts are explained by numerical experiments with sinusoids, concerning
the use of maximum entropy technique in the spectral analysis of a record not so
long compared to its predominant period.

They are: 1) In order to estimate the predominant period with errors less than
109, we must have a record length at least twice of the period. 2) The influence
of errors in the estimation of the zero level of the time series is not always negligible.
3) The number of points of the prediction error filter must be chosen such that the
mean square error is settled near a constant value at not so large number of points.
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Fig. 1 TFrequency shift of spectral peak for
various lengths of 2.78 Hz sinusoids
of zero initial phase.

Fig. 2 Frequency shift of spectral peak as

a function of initial phase. L is the
record length and L, is the length
of one cycle of a 2.78 Hz sinusoid.
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Fig. 3 Range of frequency shift as a function of the length of sinusoid.
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Fig. 4 Spectra for various lengths of sinusoids of zero initial phase (left)
and for various initial phases of sinusoids of 3L,/4 length (right).

BEZEDOTNDOKRKEXILARYT bV Tix, power density HiEb KX Z({ER & B L dics 3,
LT YT 28 ) A X2FERRVIEKBICREOL E LKV, HicHTL 3 Fig.7
iZAhB X HiC, Pyt O BEDPINT EDLRTVNS, LTZH5 T, maximum entropy
technique 2 33 A 12, power density DHMFIZEDOATEL, HAEZIBIATE
W, EDXRETRBVDDR2RATICEINETH B,

FOLRNILDBECEZIHR
NI TOBRTIE, ADNF—70X¥al VEHEos0EL THRFE-TE1Z, LU,
— T3, CHIRIRMOETHEADOVBERBRTHE0H, T TR, ¥ab V2 ANTF—FbH
LHETAC EITUT, ZOHEENKERICHIITHERLELTAL D,

%5 (j=1,2, -+ yN) 280V RVEHOBERTIE 5 &, IRRY) 3T,
N
]:

DERZFE ST, X R L DERFIOXT L RV ETEDH, ok —BUTH 5,
ANF—2ELUTIE, B) RTEALNIBRIIZHES, Tobb, ZORRIIDED¥H
VRVIZE¥R ThHB, UL, bhibhidcol tz2mbsndntl, SANTIEI DK
RFNCDONT, @RCXHYEa VRV PRD B, Lokl THLAIZ¥a L V%2 D &
TBERERT 413 £, NEEBRING:

fc,=x7——D (j=1s2:'°':N)



FEFEIIC & 5 Maximum Entropy Technique DHEEE 105

U 72535 C, maximum entropy technique iZ X5 A7 } Vi

A 13M+1 Mo
P(f)= 1 ; 2
(=7 |1+ 5 47

KEOME B ic ki, D »BdIHhRELBRVERITIE,

-2

d]:a]—sa] (j=1:2:"':M)
EEDLINB, ITL, aji, ¥l UBELL EDH5N T3 HED prediction error

filter DRPTH 5, T DRPMDEZE 8a; 13, FRINC L ST EHAEM ¥ TITES

CEREAOGNTY, —iiT, D=0 TIZ, TXTR¥utTALRANAETHS (fF
ZB&R),

SEAELT, BALNIIATNT—5, B=0, L=Lo/2 3 X" 3Lo/4 DIEEFEF TH55H
2ELDL, CNODEFEDIREIE? 1 &L, di=bmsec £ 35&, (4) RNTiHEINB ¥l
RVi, L=Lo/2 T D=0.62, L=8Lo/4 Tiz D=0.20 &£75%,

O "‘ ."\
i I
i
i
m i
z |
|
> 1
= i
g -107 [ 1 7
[} i !
© i ;
! 1
e i
— il I
= A 23
281 an L_l.Lo
n i (5:55)
& -20- i - .
2 |
8_ ‘l D=+020
o |
2> ‘.
© i
o i
-301 ‘ 1 1
/1/"!.
D=0.0 ll
\
T LARREEL A LN B R | T T T T Ty
2 5 10 2 5 10

frequency  (Hz)

Fig. 5 Spectra for various lengths of sinusoids of zero initial phase when zero levels
of the sinusoids are wrong. The solid curves of D=0.0 are expected spectra.
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Fig. 6 Variations of spectra due to different number of points of the
prediction error filter. The sampling interval is 30 msec.
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(Ppy1/2fn) and M+1 is the number of points of the prediction
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(A.9) nRoFERANEDL» S X DL, |lauu| <1 ThH 2956, 0<Py<Py Th b,

DNV AR T i, maximum entropy technique Ti3, (A.5) RT7 4 V¥ —DFREE
Pya 209 T, (A.2) XKEMBLOTHE»5, (A5) ROWEBEREHEO< Y v 7 2%2HEL
T, BVABRZMH L 8 A S5N, AKAIKE (1969) 12 DHk%R & 5Tl 5,

i B. AL NILDEED prediction error filter FKICH LEFTHR
Ho¥uo U RAMBEe THARRINCIZNL T, ¥ab v
N
D=§%W (B.1)
j=

THEAIZETB, UIZddoaT, CDEZED AR
i]:xj—D (]21:2)"',N) (B.2)
COBRFIPHESTEHEINIZ2EDO 7 4 VY — DR, (A.5.1) kb,

N-1
2 j‘gx (x;j — D) (%541 — D)

a5 = N-1
5, (6= D)+ (s — D))

= Ay — ddyy
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72170, 13 @tﬁ@f{fzﬁf

N-1
2 .ZI (x5 — %41) 2 Xy
=

vb‘an: N-1 N-1
>+ ) [E (5 + %% + 2X1]
j=1 j=1
LT,

Xy= (% + x2y)D — (N + 1) D2,

UTzd3sT, D=0 E, 8a 1213 EAEXTIRE B &g,
SEHD7 4+ V¥ —TIit

N-2
2 ]§1 {(%j— D) + dy1(%j11, — D)}{ (%12 — D) + dyy (%11 — D)}

Agg = —

N-2
Z L= D)+ (82— D)} + (50— D) + dua (51— D)}
= @y — Sy
rzrzL,
azz _ - 2 Cz/Gz
N--2 i
2 j{_-:l (xj+2 — xj)2 }&2
3z = Gy (G + 2X,)
LT,

N-2
Cz == Zl (x; + ayy xi+1) (%49 + a11 x;’+1)
1=
N=2
Gy = '21 {(%; + @y %iv1) 2 + (Fivg + @11 %441) %)
i=

N-2
Xy= Z:l (D + dy) + 8433 %41} — (D (1 + ayy)

+ 844y Xi+1} (X5 + Xivo + 2413 Xi44}]
F72, (A.5".1) »5,
gy = @yy + dgg dyy

= (@11 + App A1) — (@11 + Agp Ayy) + 304y Oy
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2 ROBUNBELER T A hid,
dgy = A9y — Sy
LUF, Ry icE i,
dum = auy — dauu
dyj = ap; — day; (B. 3)

12120, Samm D5yF, 3B, 2HBLF3SHOBAIZE, BHEIAIX TR, LU L
5, LT, D0 nFAiciz, ITOD dayj(j=1,2, -+, M) 2¥uicd 5 EHNTER
VWoik, 2HOBELRAKRTH 5,
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