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Abstract:  When a monocomponent signal with slowly changing instantaneous frequency is bumred by noise, its instantaneous
frequency is usually added by many high crest and low trough. But real instantaneous frequency is a trend in estimated instantaneous
frequency if signal to noise ratio is not very high.Though M aximum likelihood method can smooth some higher cres and lower trough,
real instantaneous frequency is still not very obvious. A new norr parameter instantaneous frequency estimation method is established
Maximum likelihood

method is adopted to edimate the instantaneous frequency. Then more accurate ndantaneous frequency can be shifted as a trend by the

based on a new method: Local wave method. Firstly, smoothed versions of the Phase Difference Estimator

locat wave method. A simulation is used to test this new method. The result shows the method described in the paper is proved to be

more accurate and less computation.

Key words:  instantaneous frequency; maximum likelihood estimation; locat wave method

1 )
) IF( irr [3] (FMD) [4]
stantaneous frequency) . s (Local Wave) ,
( ) . )
[,
IF (20 ) .2
IF IF ;003 5
, ) 4 ,
IF IF ; , ,
IF IF
2
, x(t)
: 2004 0F 15; : 2005 01- 19

(No. 50475 155)



2005

1304
1, Huang[3]
2(t)= a( )+ jH[x(1)]= A(1) ™" (1)
Hix(1)] (1) , ~
He(n)= +f TEn -
A(t) ,9(t) O]
; ;@
1| 9 X
Sasl )= [m] (1) (2)
(2) o o
' (1) X(t) max (¢ ), min
x(n). . (1), 1€ [0, TJ;
s(n)=x(n)+ Hlx(n)]= A(n)e"" 2) emacl ), €ns
H x n x n max H mim
[x(n)] ( ) (t);
’ (3) m(t)= (emax(t)+ emim(t))/ 2
Im/z(n
®(n)= arcl;\n{% (3) (4) h(t)= x(t)- m(t);
) (5) m(1)
Fusl n)= 3l €(n)= €(n=1)] (4) h
hi— mi= h
Faal )= 22l ¥ n+ 1)= % n)] (5) Fmns A
(1) (2) (3) (4 &
Tow(n)= g5l ®(nt 1)= $(n=1)] (6) h(k= D)= mu= hu
(4) (BFD); (5) c1
(F¥D);  (6) (CFD). ci=hip
(3) g
(4) (5) (6) X(t)=e=m
(4) (5 (6) ri
ri— C=T12
’ . K“l}’lsl ro— c3=r3
h(i) (4
. F'n-1— Ch=Tn
Fouk(n)= 2h( i)l n= 1) (7) ( J
L h(i) on=1,2 ., M- L+ 1, M: .
W (9 ) X()= Xt n
. 5 X(t) n C1, €2
(ML) . . .
(N 1 2 n n
- 1
hi)= jélel I- { r ] (8)  Flandrin®?
2 Q
N=L+ 1,i€/01, ... L- 1)
(7) FIR T'n .
(0.5 )
1 :(a) 3
5 0.2 01
3 (b) (¢) (d), 0.2

0.1



s 10
0 (@)
10080 700 150 200 250 300 350 400 450 500

o_u

0 50 100 150 200 250 300 350 400 450 500

o

amplitude

o g

©

050 100 150 200 250 300 350 400 450 500
1

()}

9 (C))
1636100 150 200 250 300 350 400 450 500
time
1 (a) 02 0.1
( 3 5)
;(b)
, 1, 3, 02 (c)
2, 5, Q1
(d) —_—
4
41
®© C ( (6))
@ (7 (3 O
® @ . .
42
T0m/s s (
) 60HZ s
200HZ, 500 10m
(128 ) 2.
3.
&D ( (6)
aa), ML
g
-0.2 L 1 1 '
0 100 0 T30 400 500
B2 #HRANZSEHES
04
'-% go.a
3 X
Y L . n \
0 100 200 300 400 500
time

B3 EWEEEHES HRHE

1305
( (7)) (8)) 05
4(b), W’\JMW @
ofo 00 200 300 400 500
, g WWWM ®
-go:u W 200 300 400 500
% V_M‘_\M_,—‘_\f-‘—‘,——i ©
. : S T T T
() ). @
4( (l)( ) 02 _W_Smo
’ 4 (a) CFD :(b)
ML i(c)
WVD i (d)
’ ( ) ( )
— WVD
(Wigner Ville )
Wigner [8].
Wigner :
w(t)= arg[nela’i(WD(t,w)] (9)
,WD(t,w) Wigner Ville s
Qu= {w: 0l wl </ (2T))
. _w(it)
7( t)_ 2]-[
Wigner Ville , )
[9]. Wigner Ville (9)
WD(t, w). 4(c), CFD
ML .
( (10)) :
Verr(n)= (Fina( n) = fine(n))? (10)
Verr 04
5. @D ML °F ‘ | l @
WVD o_ogo 100 200 300 400 500
. 001 F h ()
0. 3262 0. 0153 0 §o.c?° 100 500 300 400 300
0103(  Sa, b, c), °'°’E A 1 ©
‘1’0 0 200 300 400 500
6. 2306e-004 [ /\_ @
( 5d) % 00 20 a0 500
5 5 (a)CFD ;(b)ML ;(c)
WVD Verr; (d)
4 Verr.



1306

2005

[ 1]

[ 3]

[ 4]

[ 5]

[ 6]

(6) . ,

Boualem Boashash. Estimating and mterpreting the instantaneous fre
quengy of signak part 2: Algorithms and applications| J] . Proceeding of
the IEEE, 1992, 80( 4) : 540- 568.

F De Bastos, M de Campos. A new method for estimating the mstanta
neous frequency based on maximum lkelihood[ A]. 2000 [EEE Inter
Conf on ICASSP Proceedings| C ], Istanbul, Tutkey: IEEE, 2000: 11677
- 11680.

N E Huang, Z Shen,S R Long,M L Wu.The empirical mode decompo
sition and Hilbert spectrum for nonlinear and norr stationary time series

analysis[ J] . Proc Roy Soc Lond A, 1998, 454: 903 995.

[J]. , 2000, 13(5): 219- 224.
S Kay. Statistically/ computationally efficient frequency estimation[ A].
IEEE Intemational Conference of Acoustic, Speech,and Signal Process
ing[ C],New Yok, USA: IEEE, 1988. 2292- 2295.

[J1. ,

[7]

[8]

[9]

2002, 24(9) : 5- 6.

Flandrin P, Rilling G, Goncalves P. Empirical mode decomposition as a
filter bank[ J]. Signal Processing Lett., IEEE, 2004, 11( 2): 112-

114.

P Rao, F J Taylor. Estimation of the mstantaneous frequency using the
dicrete Wigner distribution[ J]. Electon Lett. , 1990, 26(9) : 246 -

248.

E CHASSANDE, F AUGER, P FLANDRIN. Time frequency reassigr
mernt : from principles to algorithms[ A]. Applications n Time Frequerr
cy Signal Processing[ C]. Boca Raton, FL: CRC Press, 2003. 179 -

203.

, 1973 10

.Ermail: yinghu@ dinu. edu. m.

, 1945 12 s s ,



