24
i}

EVTHALAOTAIINZICKBEETERARY MILOE—DHE
FEER 77—

FUNTEERZ T EX TR
FEFUIN TR XALAKET 1 — 1

Estimation of nonstationary spectral peaks based on Monte Carlo filter
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Abstract A method of estimating multiple peaks of a nonstationary power spectrum
using time-varying peak frequencies of the power spectrum (TVPP) model is reported.
Although the TVPP model has the advantage of estimating the frequency of spectral
peaks directly, the conventional research on the model has a significant limitation with
respect to the number of peaks, due to the computational complexity. In this paper, the
limitation of the number of peaks is lessened with the aid of Monte Carlo filtering (M CF)
proposed by Kitagawa (1996). The reason for the relaxation depends on the idea that
in MCF the estimation of non-Gaussian distribution is approximated by the realizations
sampled from the distribution. Compared with the non-Gaussian nonlinear state space
(NGS) modeling used in the conventional research, the computational cost is reduced
from the exponential order of peak numbers to the order of the number of realization
particles. For the extension of peaks, the TVPP model has been modified due to the
two kinds of unidentifiability of the peaks. The efficiency of the model has been checked
in simulational experiments. Comparison to the conventional model has also been done
in the experiment.
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01(t) = 0.314 + 0.004¢, f5(t) = 1.571

71_& 3 Ty =T9g =T3 = 1/12,
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Fig. 4 Simulation data 4
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TNDIRTA—FWEERD K 5 14T 72, £ThHE
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0.4x1071,0.3 x 101,0.2 x 1071,
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p? = {0.1,0.1 x 1071,0.5 x 1072,
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WERR(T—%1, T—%2)
Table 1 Estimated hyper parameters of the
TVPP model for datal and data2

datal

7_2 MQ

® 2 WEUY—JEREETNVOBNTIA—FD
HERER (F— ¥ 3, T—4 4)
Table 2 Estimated hyper parameters of the
TVPP model for data3 and datad

data3
2 2

0.9 x 107!
0.1 x 109
0.6 x 107!
0.4 x 10!
0.3 x 107!

U w3

0.5 x 1073
0.1 x 101
0.1 x 101
0.1 x 107!
0.1 x 107!

data2

T2

12

0.7 x 107!
0.3 x 107!
0.4 x 10!
0.2 x 107!
0.3 x 107!

S N

0.1 x 10~
0.5 x 1072
0.5 x 1073
0.1 x 1071
0.1 x 10~2

T 1

0.7 x 1071
0.4 x 10~
0.3 x 10!
0.3 x 1071
0.2 x 10~1

NN E

0.1 x 10°

0.1 x 10~1
0.1 x 1072
0.1 x 1073
0.5 x 1072

datad

T2

12

0.2 x 10°

0.5 x 101
0.4 x 10~1
0.4 x 10~1
0.3 x 107!

N N

0.1 x 109
0.1 x 10°
0.5x 1072
0.5 x 1072
0.1 x 10~
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RN TCHD, BERDE, ELVWRERETODT —
ZIZHOWTHEIRSNTWND DRG0 5,

BT —HIZBWT, ZhD OREKREDOEGEIZD
WTHREINTZE— 7 ARBEOBHDATT O
oy &, K 5,6, 7 BERRIZENEIRLT,
INHOKTI, EOvY—7 EREks R (ER) T
FLTWD,

4.3 BEEBRE AR TV E DL

EFNVDOEMEZETT 2D, BERE AR 5
NE DB EITo T, FERERD ARKEp=1,---
WCOWTENENETADOH TIEHEIT, % AR
WEIZBWT, BT A—F

7 ={10"%¢=1,---,9}

DENFNIZONWTEEEZRD, ZOFLLLER
BRICTDiEE, BRTA—ZOHEHRE Lz,
o7 — X ORERE DL, HFEY—7 BT T L E
FIkE, t <202 OWTTFHT 4 NH T T EITW,

10

,10

t < A0 IXKEOFHENSIIRI LTz, BT A—
X DOWERBREZR 412, BN AIC DfEE
#5127 T, BT —FIZOWNWTD AIC B/NOEFT
WTFBER W, READ E, RERBMAR TV
DOFEITIE, T—F 4%RNT, BED AR KREH®#
XN TN ERNGND, T—F4IZO0THE, E
D AR REDOEFNZ {ZFTWALTH S,

WIZ, ©—7 B E- R OB EZITo 7,
ZDLE, ©—IHPRLD LRI LRNDT,
HOE—2 8B 5hoTnH 0L LTHIEEIT-

#3 KEUY—ZBEEEETNLO AIC
Table 3 AIC of the TVPP model
data set
m datal data2 data3 data4
1 819.03 913.55 892.24 1123.74
2 848.07 815.96 854.22  945.94
3 857.88 839.24 829.56 884.16
4 861.32 835.96 840.59  840.89
5 867.22 840.09 843.84 854.86
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Fig. 5 Median of the peak frequencies of
power spectrum estimated by the TVPP
model for data 1
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Fig. 6 Median of the peak frequencies of
power spectrum estimated by the TVPP
model for data 2
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EEAEHRE > T HAITIT, uT®Ikiom%
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ZDOEIITRD b — 7 B OHERE %,
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Fig. 7 Median of the peak frequencies of
power spectrum estimated by the TVPP
model for data 3
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Fig. 8 Median of the peak frequencies of
power spectrum estimated by the TVPP
model for data 4
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BEHMET VO PRERE AR ET VI RN
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IXEHETH D,
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F 4 HEHEFREAR T VORI A—F OHEE
(RS
Table 4 Estimated hyper parameters of the
TVCAR model

data set
p datal data2 data3 datad
1 1073 107* 107* 10°°
2 10-2 10~ 10~ 10~*
3 1072 10~ 102 1073
4 102 10~ 107* 1073
5 102 10~ 107* 1073
6 10-2 10~ 102 1073
7 10-% 10~ 1073 1073
8 10-* 10~ 10=* 1073
9 10-% 10~ 1073 1073
10 10-* 10=2 10 10°3

At ERT, 2B, EXFO m(t) X, FRENC
BIFAE—27 0T, HEY—7 BEREET VD%
BIE m(t) = m L —ETH DD, RHEMREAR
ETNOLEICIE, FRZNIZBWT2E QR IEIC
L VRD NI LEERROMOETH 5,
COEER T —RIZONWTCEELELDE, £6
R, BHRO 1L, k=L S, AICIK
LDOWEBBRINEED AR REENRRRDZ &R
LTWb, 2R E, 2TOF—ZIZONT, B
E— 7 AEBET VO NEEGEE AR =51
FVERTWEZ NG5,

F AR E AR ET/VTliE, AR REUCEFHRE

BB EFFO & Vo THIFIR 2N 2D, 2B
QR IEIZ L > THHAE SN A EAEIRZ Z L ICHE
HBETHATVFERTHHTD EELL TS, Z
LCEDOEAZEET VNHRIBIZE L TWHRNOD
T, RO —7 FREED ED L 5 IZH#EFIC
B LT OHRBIT 5121, EBIOFENL
BEHLhhd, —HREEY—7 BEEETLVTHE, XU
D6 E—7 FAEROENE T VERIGICANT
DD, ZOX D RRETAE TN,

#5  RFEERE AR 5740 AIC
Table 5 AIC of the TVCAR model

data set

P datal data2 data3 datad

1 1015.39 1192.35 1079.72 1125.53
2 835.56  900.34  887.30 1043.89
3 849.64 878.46  880.36 1032.91
4 863.66  831.70 856.90  943.61
5 870.18  837.06  864.71  943.51
6 881.30 846.96 853.43  948.32
7 893.92  854.85  858.26  949.67
8 899.69  861.88  863.68 1948.34
9 907.93 870.13 872.42  950.73
10 91294 876.18 878.34  954.54
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HITH, FEEOALTRL, #HERKEIZOVWTHLR
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EFTHEFECONT, —HIEFHEIE AWICHER
HAERZRD D, BYIC [4] THELOALTWDIENT D
AR E AR Lie 7 o A5 0 T HE(T], (8]
[ZOWTHRETT 5, pRITDRE~NT R v

Xy = [xl,t7x2,t7 ) xp,t]

DXEFRE K EOXE b2 127 L TEMEEEIL
%G, —HETH

P(Xt|Yt—1) = (27)
/P(Xt—1|5@—1)P(Xt|Xt—1)dXt
=72 L
X )dx; =
[ 1<) )

/"'/f(Xt)dwl,thUz,t"'dxp,t
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Fig. 9 The peak frequencies of power spec-
trum estimated by the TVCAR model
for data 1 (true order)
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Fig. 10 The peak frequencies of power spec-
trum estimated by the TVCAR model
for data 2 (true order)
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Fig. 11 The peak frequencies of power spec-
trum estimated by the TVCAR model
for data 3 (true order)
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Fig. 12 The peak frequencies of power spec-
trum estimated by the TVCAR model
for data 4 (true order)
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Fig. 13 The peak frequencies of power spec-
trum estimated by the TVCAR model
for data 1 (true order+1)
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Fig. 14 The peak frequencies of power spec-
trum estimated by the TVCAR model
for data 2 (true order+1)
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Fig. 15 The peak frequencies of power spec-
trum estimated by the TVCAR model
for data 3 (true order+1)
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Fig. 16 The peak frequencies of power spec-
trum estimated by the TVCAR model
for data 4 (true order+1)
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#£6 MHESNEZE—2 BWHOFH " FRE ([rad?])
Table 6 Mean squares error of estimated peak
frequency([rad?])

data set TVPP TVCAR
(E: BEokEk)
(F: BEO®E+1)
datal 0.2196 x 10~1! 0.2913 x 10~ 1!
0.6425 x 10~1
data2 0.6031 x 10~2 0.1359 x 10~!
0.1452 x 1071
data3 0.6162 x 10~2 0.1656 x 10!
0.1548 x 10~1
datad 0.8006 x 10~2 10.3364 x 101

+0.6880 x 10!
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