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Analysis of Transient Signal Using Autocorrelation-like Matrix
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ABSTRACT

In this paper, we present a new method for estimating the parameters of transient-type signal in additive white
Gaussian noise. This method makes use of the truncated singular value decomposition of an extended-order auto-
correlation-like matrix based on the linear-prediction model. The method is tested on data consisting of two
exponentially damped sinusoidal signals with the same damping factor and different damping factor.

Simulation results are illustrated to demonstrate the better performance of the method applied to the auto-
correlation-like matrix than that applied to the data matrix.
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Fig. 1 Spectrum and pole-zero plot of a transient-type signal (Damping factor 1=0.01, Damping factor 2=0.01, SNR=10 dB)

(a) Spectrum of data matrix method
(c) Spectrum of Autocorrelation-like matrix method
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(b) Pole-zero plot of data matrix method
(d) Pole-zero plot of Autocorrelation-like matrix method
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E 1. dolH #yd3 A7 ddRAEE Wiy BAA Adsvia
A=l A,=l, £1=02, £,=0.22, »=0.01, 7,=0.01, &3a14(Q)=14, 8=30, tlolE] 7|4=64
Table 1. Comparative performance between data matrix and autocorrelation-like matrix.
A =1, A,y=1, f=02, f,=022, r=0.01, 7,=0.01, Damping factor 2=0.01, Overdetermined order=14,
Rows=30, Data length=64

e Sample Variance Sample Bias MSE
SNR(dB) Data Auto_like Data Auto_like Data Auto_like
5 *E 2.5860e-6 *x 1.6081e-4 *x 2.5860e-6
10 8.6858¢-6 6.7234¢-7 2.2097¢-4 8.5988¢-5 8.6477¢-5 6.7301¢-7
15 1.9790e-6 2.7573¢-7 9.9853¢-5 5.3016e-5 1.9692¢-6 2.7578e-7
20 5.3121e-7 9.4419¢-8 5.6807¢-5 2.9390¢-5 5.2913e-7 9.4339%-8

e 5 N4 PHeA 2
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Fig. 4 Spectrum and pole-zero plot of a transient-type signal (Damping factor 1=0.01, Damping factor 2=0.02, SNR=15 dB)

(a) Spectrum of data matrix method
(c) Spectrum of Autocorrelation-like matrix method
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(b) Pole-zero plot of data matrix method
(d) Pole-zero plot of Autocorrelation-like matrix method
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Table 2. Comparative performance between data matrix and autocorrelation-like matrix.
A=1, Ay, £;=02, £,=0.22, r=0.01, #,=0.02, Ovcrdetermined order=14, Rows=30, Data length=64

Ay A Sample Variance Sample Bias MSE
SNR (dB) Data Auto_like Data Auto_like Data Auto_like
s ok *k *k * % *k *x
10 *x 1.5842¢-6 ** 7.9173¢-5 ** 1.5753¢-6
15 3.1082¢-6 4.5971e-7 1.7407c-4 1.5212¢-6 3.1072¢-6 4.5434¢-7
20 7.5843e-7 1.2162¢-7 4.7761e-5 1.1941c-6 7.5343¢-7 1.2033e-7
= 5 2ueg BHsiA 23
. v.gd 2

<Data vs. Autocomelation lke> p=2, g=14, rows>20, Dala Length=84, Trisi=100

10 —

o Date Matrix
% : Autocorrsistion-tike Matrix

SNR (dB)

O3 5. BEEA] Hjw
Fig. b Comparison of sample variance of data-matrix method
and autocorrelation-like matrix
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o Dats Matrix
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o \
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38 6. BE vlojoj o] Hlm
Fig. 6 Comparison of sample bias of data-matrix method
and autocorrelation-like matrix

B wiA Hd¥dEZRds) SVDE o483 IAx
71 g6 Az gelrlEE AgAoE FHE 5 2
€ AparAE 2dE Adaick Ade 2
714 BRAEE el dole FEE o] &3 WHE
o e BAA dss EARded ol e
Hi e FAFU7] g vehd Az B4
Ak 2u dioly A, F 33} do] ks
& AAREe] 348 F7iete, o= o]d9 d
olf] JHedlAe dlolel AByyel FAH P
7ol FALH T watd £ w=EolA zdbd i e
dlojeldo] #& 79 Ho F& A%E Jehde
2 & A A 2o 42 AeE AZE 5 3
v 2deo AseE AfHog Ty A IF
7} FgFolct.

ugs

1. J. A. Cadzow, B. Baseghi and T. Hsu, “Singular-
value decomposition approach to time series
modelling”, IEE Proc., vol. 130, No. 3, pp.
202-210, Apr. 1983.

2. R. Kumaresan and D. W. Tufts, “Estimating the
parameters of exponentially damped sinusoid and
pole-zero modeling in noise”, IEEE Trans. on
ASSP, vol. 30, no. 6, pp. 833-840, Dec. 1982.

3. S. M. Kay and S. L. Marple Jr, “Spectrum an-

1697

www.dbpia.co.kr



WELAIGEERE '98-7 Vol.23 No.7

alysis-a modern perspective,” IEEE Proc., vol. 69,
no. 11, pp. 1380-1419, Nov. 1981.

4. C. W. Therrien, Discrete Random Signals and Stat-
istical Signal Processing, Prentice-Hall, Englewood
Cliffs, 1992.

5. M. H. Hayes, Statistical Digital Signal Processing
and Modeling, John Wiley & Sons, New York,
1996.

6. S. L. Marple, Digital Spectral Analysis with Appl-
ication, Prentice-Hall, Englewoodd Cliffs, 1987.

7. S. Haykin, Adaptive Filter Theory, Prentice-Hall,
New Jersey, 1996.

& = E(Gyu-Sung Choiy R3¢
1996\ 29 : Agdigin AogE

THFEAD
19981 2¥:73&dga gy
M eI &
Ah
1997 129 & A LG A=A} 1)
toj5al  dFAh
A

3P4 Fok: 29 EY 33, MODEM
E-mail : cgs333@lge.co.kr

1698

£ & %(Young-Soo Kim) F13]¢l
1981 29 : AM gt Ax}F8}
THZ A
19833 29 :AAMdEw g
HAZ ER(F A
Ah
1988\ 124 :Arizona State Uni-
versity 7] g8t}
(Fearh
19853 59 ~1986d 54 :Consultant, Signal-System
Technology Inc., U.S.A.
19861 6% ~ 19881 1249 :Research Associate, Arizona
State University.
1989 391~1992\d 89 :ETRI Mar|gH, At3-4
A4, A%
19924 9Y~1996d 8Y: At HsFed =
.
199645 0¥ ~&A A3 drRpHAbHst B Fag
# EPA ok glojty AN BN e, ~HEY 34, A
HE], o8 F
E-mail : yskim@nms.kyunghee.ac kr

www.dbpia.co.kr



