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EREH, @d—REPERGOHRM 5., REBHHGES x, 5HRE v, ZW, 5, BFE
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ABET. ERERNR, 7. & 1 WREAS,MERATSAANE RER M {a). IEH
2

¥EERGES « BARARCHRRAGCGHR,RINA

N M N
;,, = Z CpXpg—p — Z ﬁ; (Z akx,,_;_k)

k=1 I=1 . k=1
N <, M
= Z ay kx,,_,t - Z ﬂ’;.r,,_;'_k)
I=1 /
= Z CC-)(I,,_.k (36)

B BT L, S A 5 ﬂfgiﬁwﬂﬂﬂ,mégﬁﬁzﬂ y. WEEIHLE. RIBEG3)IR*
TR BERY  REEE. 7SRRI S A B {6 fﬂlﬁ'&.‘ﬂﬁfﬁlﬂﬁ:}ﬁ



82

i

% .

¥

1984 £

RAG}REHTGI)RWEFER. XFH_REHNFH#HS, BEQREN—RE/TE.
HERIERER Sy RITERENZ T R DiA AR i — M AT A R 5%,

7N~ BB

K {EF Prony J7EEDUMLAURREFE TIRAVRE S, RATE DIS-108 it YL L ,43%] Prony 35
%E{:ji—i‘gﬁﬁ- fﬁ%%’%ﬁ"?ﬂ {xn}: n=1,2,+"+y, M [Eﬁ’l‘%ﬁﬁﬁ?ﬁf&g ﬁﬁﬁ*ﬁ%s
WA T IMESFNN w0 = 0.69336 T w, = 1.95122, W y, %

VYo =2, + Gn,

(37)

Hp{n, ) TEREAREFT{v,} , REBE CREFIN 4.}, 6 REBE AR EHREHET.
B, Ri1& 6 =0, IEMARERHERL. LMH N =4, RARE M = 128 i.{5 .
5 2, R E BEIE R o OB s BT REST X L.

#1 TUWRER N= 4 (HBERARBRRUE

The values of autoregressive coefficient and poles at N = 4 Without Noise

5
k {as}
7 &;
1 0.79558 0.0 0.69336
2 —0.85769 0.0 —0.69336
3 0.79558 0.0 1.95122
4 —1.0 0.0 —1.95122

B, BEERSBRZE N EWMNRAE TN, RIOEIEH, BENL-EHFBAHES
HEEARBRNTERET. AT HARRERLEFET R AR ZRE TR, RITEX

ARG TR e
: N Al oA \2
& = 10log (-1- _(_“’___Ti"__)_) (38)
N i=1 (ﬁl
F#E 2 X E ER AR OE R 1
: - N
1 (8, — @)’
n = 10log (-— - 7. 39
_ N A (9
K2 R-EI5EE SO LI BEIAMETHEE( R AT %
'The mean of the estimates of autoregressive coefficieats calculated by
50 realizations using Y-W Eq. (13) and its variance
20dB - 104B 0dB
k {@x} '
{‘-"k} Vcr(“,l) {&‘l} Vﬂ'(“’l) {&:!} Vaf(“'l-)
1 0.7955% 0.78273 | 1.05x 10" 0.68687 | 8.43x10™* 0.30480 | 6.05%10~?
2 —0.85764 —0.84065 8.13%10* | —0.74608 9.33%10~* | —0.35192 6.52% 107
3 0.79558 0.78279 | 1.29%x10°® 0.68764 | 8.07x10~* 0.31682: | 4.59% 10~
.4 —-1.0 —0.94661 | 7.81X107* | —~0.83917 | 6.57x10™* | —0.45190 | 4.05%10-%
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PLEFER R @ T @ 4 Bk 3 7 F-Hh e B BR SO R A0 B [ 5 A B 1M

| EREHES x BRRE, N=4, M = 128, BT AR AR (0.},
HBEAHB,HE o2 = 1. ATHRE-EHBREENL-EH R, H (13) RF(28)
KRB EE EERREI {6}, %203 3 AW SO RNANTHER. £+ BRER?2
M 3 BB ENRAREESE, SHARSERAHRHATOERE e 1 ATES.

%3 BEMR-FKHE SO REIHHNBEERBE T PHE{EGI IR E

The mean of the estimates of autoregressive coefficients calculated by
~ 50 realizations using modified Y~W Eq. (28) and its variance

: _ 20dB 10dB 0 dB
k {&*} . r ¥ r
{51} Vlr(“'l) {E Tl'} V‘f(al) {EI} Vl‘r(“l)
1 0.79558 0.799067 | 6.32%107* 0.79566 | 7.13%107* 0.79528 | 5.08%x10°
2 —0.85769 | —0.85743 | 4.78%X10~* | —0.85689 | 9.39%10~° | —0.85776 | 5.28x1073
3 0.79558 0.79523 | 7.56%X10°* 0.79395 | 1.24%10~* 0.78588 | 6.46%10™?
4 —~1.0 —0.99901 | 8.02%10~° | —0.98475 | 2.06%10~* | —0.93050 | 6.09%107?

F4 F2WEIBEETEOB AR NE

The mean of pole frequencies from data of Tab.2 and Tab. 3

E SR RME E-RHBRADK BENX-EIRQHA
SNR(dB)
&, R @] @, @y @}
20 0.69336 1.95122 0.69468 1.95421 0.69334 1.95144
10 0.69336 1.95122 0.70490 1.97844 0.69295 1.95011
0 0.69336 1.95122 0.73918 © 2.09831 0.68745 1.93115

#2457 EH,RE(DRALE-EFEESFNESEEBRBFEHMGEI {2}, ZEHESET

M e B, Bk fEi {aky 2—FE R, ﬁﬂ]'ﬁ‘ﬁﬁﬂ '
é lakl? = Z\ kiz(l o)

Hh 1, ﬁﬁ%ﬁﬁ%ﬁlﬂ?ﬁ@ﬁiﬁﬁsﬁ?ﬁﬁm >0, Rk, EERERMIREZW T, H
[E2] J8 7R By s St 1 e 15 T B o R i O /0 o

BB 2 sk 3 ¥R (28) REENL-EHBAHMYBERIERY (& i+ B—FTRME
. BEEORAHEESE o bEZEEE. &5 HHEBENLE-RHBOE XK
TERTR-EHRE. EE%LL) 10dB i, € 17 B FEMAE 25dB DL F. EREE R 78 9k,
HNEBGUARFER Prony 55, RABIEAL-FITEMITEETABE A X MG ER
.

8= REA R L R, 4 R S RITE.

(1) BB VAU AERMBM RHE AR {ﬁ:} ;

Q) FaERTEETRBSR. '

% FER BHEA+MAEENNRENBRIIFAR {8}

{ﬂ;} = (.88, 0.76, —0.47, —0.33
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The relative accuracy & and n with three SNRg

*-EHBADRK EENE-EFBC)HR
SNR (dB)
8(dB) 7(dB) &(dBR) 7(dB)
20 —55.25 —30.26 —81.69 —52.90
10 —36.27 —17.00 —64.73 —42.26
0 —22.99 —4.59° —40.50 —29.05

RIE(G2)X, BEIERTE v BMEINERBERGE vo. B 1RRERE 00 KRS », 1)
— R LIAMRR I, HBEMREL G 0dB, (33) FI(30)RK 16 RELIMFHERIIT & 6 .&

7 PR ER B EE & Fan .

A1 B v FIERMEXERE v —REFAITEE R
The autocorrelation function of one realization of the white
noise vy and the finite correlative noise u,

{ERRLL 0dB B, 16 RLILMI va T 7 TR SEEIfE I {4, )} F &

. The mean of the estimates of autoregressive coefficients {@}} and pole
frequencies @; calculated by 16 realizations of y, and ¥, with SNR 0dB -

K ‘@, Va ¥ @ Va s

3, P @ @
1 0.69336 0.81232 0.69347 0.79558 0.32911 0.79545
2 —~0.85769 —0.75080 ~0.85780
3 1.95122 1.96406 1.95111 0.79558 0.55734 0.79552
4 -1.0 —0.57132 —0.99951

E_FER ELREAVEHhAFRMOR. HIEEHE o, = 1.21243, BHIEE
S B RE H9 10dB, @RI ELERB AR ERGENE ERRRMSH (4}, RER
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&7 [E%RH 0dB K, % 6 BUBTT BRI A ¢ M 9

The relative accuracy & and 2 from data of Tab. 6 with SNR (dB

Vn Vn
&(dB) n(dB) e(dB) 7(dB)

SNR(dB)

0o ~18.32 ‘—8.01 —78.49 —71.41

£ (33) AMGORWAALE R, FEREYHATESEQHBI AL, RITRILELH Prony
EER AR, fERS B ESRANEmE. &2 554 HAH v, RFHAH 5, BF
B SRR, U R N = 4—12 SR AMESHRESE. EE 28 () b, RUZNEE
EREIHR o, = 1.28930, E5ESSBREANELE:; 2 R EIRLEG, % (b) th, H#l
TRESET. AHE3 RERBLRINE 0, = 1.01243 R o, = 2.02486 fUXTHL 5.

- D E= AR R IR RAT, A G IR LT, S R EE R, BT

Li i4

14 14
i 12
4 4+ 4 4 4
2 2| |22 22 2 2 2 H 2 ”H: ﬂ”2
1 .
a ﬂlJ | A1 . [ . 1
2 4 6 8 [0 12 14 16 18 20 22 24 26 28 3032 2 4 6 8 10121416 18 20 2224 26 28 30 32
@; 0.69330 No.l4 K8 @;  0.69125 No.14 K8
1.28930 12 14 1.95225 14 20
1.95297 14 20
N o6 N 4
(2) M ya (b) FRH
Observation y, New Observation ¥,

E2 EHPEEG; RE N =412 ZRRAUMRS 5 EH E

‘The mean of the pole frequencies &; and the histogram of N = 4—12 pole frequencies distribution
(The frequency of background spectral line wy, = 1.21243)

0 10 10 . 10 10
8
4 4 4
2 2 22 3 2 2l ]z 2] |2 I_lgl
1
4 L[] ] 1 sl
2 4 6 8B 10 12 14 1618 2022 24 26 283032 72 4 6 B 1012 14 1618 20 22 24 26 28 30 32
@; 0.69337 No. 10 K8 @; 0.69338 No. 10 K8
1.03933 10 11 1.95130 10 20
1.95109 10 20
2.01406 8 21 N 4
N -8 (b) SR ¥a (i BBLRIAR
(a) THE ya wy = 1.01243 w,, = 2.02486)

B3 EHRAHE & RERK N = 12 KR RARRAHENE

The mean of the pole frequences &; and the histogram of N = 4—12 pole frequencies distribution
(The frequencies of background spectral line w,, = 1.01243 and w,, = 2.02486)



86 : 7 2 2 B 1984 4

FESHERABOERET; &7 RPLBRERMENEHRE ¢ 17 WKE X 60dB, ¥
o X—HBERTFERR{E OREBERX. FEUNG, ZREBPERAGTRRENEE
ﬁEjJ%Z:_T@\?ﬂB’J E“@%ﬁ‘m@ﬁlﬁ R Prony j‘jfﬁﬁﬂs{ﬁﬁﬁﬁﬂ’j:c{’ﬁﬁ?ﬁ‘ﬁx&fj

R RTHEEEAKMGH o f1 4« lE KT

mﬁ(lg)ﬁaﬁﬂ]ﬁmﬁm {}’s}, n = 19 2"’ ) Ms %Fﬁiﬁﬂﬁiﬁiﬁ, E)‘U@ﬁﬁlﬁ’]‘ﬁ?&fﬁ
it 4,

9y(k+z)=M_2N:§1yn_ky..+: l,hk=1,2,--+,N (M)
A :
BN+ 1= k) = —— 2NMZN‘,H», Wanot Lk=1,2,---,N ~  (A2)
(A 2)HE X BIERNT- Ej‘iﬁ(%)ﬁ—fﬁiﬁ‘z
Z?(N+i—1()&"—?(N+J) (A.3)

xbt?b,ﬁ{r]&(w)itlﬁ%ﬁﬁ Yaoets 1 =1, 2,0+, N Xt # S 2N + 1 B M KA1, 3
LA 1/(M —2N), RIERIE(A2)RINR,BE

§ PN+ 1= Ry + - — ”;‘Jﬂw,,y,_y_, = 2,(N + 1) (A.4)
¥ (A4)F(A. 3) AHEB B
Z, Fy(N +1—k)(ap — @) + "%ﬁ Z Ways-n-1 =0 (A.5)
n=IN+1
REBHT 121, ¥ M — 0 i ,(A7)RERBMT yonva M w. BRKERXRY. Aifi.H

) 1 )
li Ny = E(wyyp_n-1) =0
M—I-T;M — 2N ﬂ;ﬂ“’u}’a N-1 (wy N :)

}‘iﬂf,(N-i—l— k) = r (N +1—k)

F i, (AsS)RETF
S (N 41— k) (e — @) = 0 " (a6)
k=1
A .
6L = (A.7)
a3, AT m] JERA
a‘k“ =y (AS)

C BZdEH, READR(AD)RE XA BRX MG, 48 2EE LR E T 6.
£ % X W
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ABSTRACT

In this paper Prony method is extended to the processing of data with white and/or co-
lored noise. When the observed noise is white, the observation procedure is obeyed the auto-
regressive moving-average model in which the auloregressive coefficients ate equalled to the
moving-average coefficients, and two kinds of modified Yule-Walker normal equations, which
yieled the unbiased estimates of autoregressive coefficients, are derived. For the colored observed
noise, new concept of second regression is developed, through which the colored noise can be
whitened. Finally, the theoretical results are checked by the simutative calculations on a com-
putet.



