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Abstract

This book discusses comprehensively, systematically and deeply the theory, design and
applications of advanced digital signal processing. It consists of eight self-contained but
related chapters dealing, respectively, with the background of statistical signal processing,
Weiner and Kalman filters, adaptive filters, modern power spectral estimation,
homomorphic signal processing, high-order spectral estimation, wavelet analysis, and
artifitial neural network signal processing.

This book is intended to serve both graduate students, and various forms of experts in

the field of information and communication engineering.
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AEMIEENEREIFBLUTEEREAANA XBEIIBAATEENBIAR,
HEFZE - LBTHXAZNFESNEA BEBHEILESRARRE, THEFSIHARE
RABHMAARKEANTRTI ERERKEMATIRES, TEEREARBUEANFRERE
MER. AB¥AERE, RELHMATREFREERBRERFHEXEERE. $8 MH
MXRERBEXKEMHITHEFHRIERRE. BEHRE S ESS P KR F T Rk
HR,AHERNREMG TR LR TR FENBESBEHEE IR FHRRPEHRITAIE
EESHEMETPEEERENA FREBEIGESHNSEEAELHUEEE T L&Y HE .
ERAFTEEHETRENES.

1.1 iR &

BHMEILGFSREE, RO ERE - RPN MR NN EFS T EESSE
RENTHREEERBILAE. IEBBILGESTRRA
x=[z, z - z, ] a.v
AR R BN LT RERER .
ERNES . WHE E[z. )70, T RRBE  NEFEX I ZHHEBEIREFS z.—
Elz,]. xHB4EH RiT e B HEBILES.
BRENHENESRENERAARGEERERIGES, CNFTARILERRTHBLK,
HEXRAHEERE p(o), Bk, H
P (ZosZyyooesZnyeer) = p(zo) p(z1) o p(Za) > (1. 2)
R,.(nym) = E[z,x,] = 0,nF*m
AP, (xosz1s sz ) REABMBEEREER..(n,m) Bz, Mz, WHXEE . XFHHEHLE
SRFEAN,HAHXRBENEARAER, EABNERN T EME, B
E[z}] = R.(0) = di .3
X, SEE S E HRRBETRR R
R.. (k) = E[z,rsz.] = 020 (k) 1.4
XESRORPUBRERFH .,
HEEEHLE S RiciZ, B A
2z z01) = p(z) p(x0-1)
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P(xa/20-1) = p(z,) (1.5
RERE 2. HREAREW . HEE. Elé‘~4‘l‘ﬁﬂiiﬂ*$ﬁ%ﬂ%‘ﬁﬂlﬂ§§ﬂ?ﬁlﬁ%%%5ﬁ
L, EHL, X ES A REENHARRUBN T4 . XH, ERSHE NEB &M ILEH
FRERS  MEEHBENTALAMER. BRI ESREBRE,
—HERERESMMAR L, NGB R g — N BAtad | E R, 6
PCEa/ Ty s Tumzs*** 5 Z15Z0) = Pp(Z0)/Tasy) , (1.6
XRER, 2. AR — N BEE ., MW, —B S XN REENZLEHERBEE, IR
NEIRFERR p () ARHFEEYR p(z./2z. DREBT. BAMHETRAMEREFEH
B b w iR,
—NNEZEHEIEXBRxZENINGB, XL BHIEHIER, B
x = [21,x55,2x]" a.mn
BEHBZBTUAEXE  ATURE . 3 TRLEHTHER - TN EBILAE, TEQERS
BB R .
p(x) = p(xy,x5,°* 5 xN) a1.®
N #HH AR x WHERE—TNERR
m = E[x] (1.9
x B EAMRBEE N N B IE¥ & X #R4E B
R,, = E[{xx"] (1.10)
xHEMFTERRERE—1 N EXENHRER
S.=E[(x —m)(x —m)T] (1.1D
PEERPHHEEHMEARSHREEREORE XS,

E[x] = fxp<x)de 1.12)

XF,p(ORHRA. OFELWKAEREE B W d"x=dzdz,-dev; A EERXFH L
T RAERKE.
BMXEERA I 2ERZEE TIXR
3= R,, — mm"” (1.13)
EHEATHERT 2.5 R.HB%.

1.2 HM X EH
HxMyHNENEAMEZHEARN AR, HELMX, HFH
R, =E[xy™]#0 (1.14)
Byt y T RETHR, B
x = Hy (1.15)

AP HRERNXMAHRERE., EY4%EH,FRILLE
e=x—x=x—Hy (1.16)

DA
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R, = E[ey"]=0 a.17m
#RA1ORAKRA.1D,18
R, = E[xy"] — HE[yy"]=R,, — HR,, = 0
iR
H = R,R,,~ = E[xy"]E[yy"]™ (1.18)
XA, EHR (. 1) EBERMTRER H, W x 15 y XM x=Hy %8 W
B, BLIRHETX—AEIR,HRZAHXENE. CAFUT=E.
OBEKHEMHT. Rx=xitxx: 5y X, x5 y AHX.y ZEUTHREHE WL
M x=Hy MG BEN eo=x,—x=x,—Hy. ERFRERIHE X L, XMETERE
B, H M EEENREHTRENISTEHR/N, KRN
R,. = Ele,e,”] = min (1.19)
R..%HREPHSHETR, WTHEHBEREMAITFERG H
H,. = R, ,R,™ (1. 20)

XE H W TH opt ER“BE”. ZRER 1 185K,

(OMEHEN . E L1 OB e=x—x=2,+(;—x) + ~e=x—F=x—Hy
B x5 HREG—2ZM, xHE5 y HEHITS, 0 x
BRI, HEBEME T, NENEHEKABAN x,—x
BHB/NYHA.

G)BRAEFESAE. BT t& aNBEM, B x~x,
WA e~x,, XHE,HLENBOBEEHABR o xNIECE, BH B x FHRBL 0K
L

EFSLHEMAT AETREEHERET - HRLEBRER, XR xRy BESRE
R, siR(.18) A, N T H, MELME R, MR, XEEHHER. —FHEREE
Ay, ERUBREMNZAGNELE, SANAEYREESPHRNRALERBER, BT
R x Ay QBB RAE I R, R R,y SRR 00 00 SR TR PR A R 75 400 . D 4 08 L 9L K
LHMIENE, B—FEREREE y, R x, BERE y R x. b, DAY RRY
—AERRER Y 5 x ZENER, R BHER R R, R R, X F 5 R R R R
BEHE, YULFHAERBSHELBEREY PRATE.

H1l.1 HXEHERER

1.3 Gram-Schmidt IE3Z 4k

ALE—HaR, E—HRRx X TR KRy TABNARL, B r=xte, X x5
y H%, B x=Hy,e 5 y RH%, B R,=0, XFHH4ZEMHELBERN
R; = E[ex™] = E[ey"H"] = R H" =0 (1.21)
Eifie 5 xRAMEE.
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BxRyoBR_NSZAMEREILLE
r=[z z, - zn]
y=[ynm 3 - yul
FENBHEINWEREZEHETIMNERBRESERN N+M ELEHERBZER
) {Z1sZas s TNy Y19 Yer " s Yue}
Bueflv BEGHZHPFHERFIIRE, FEXLENHAR K
(u,v) = E@™) (1.22)
MZLESAZE—-FTARTE., ARSEPIHERZ o My BNEBHARE S
lu—u] = /u—v,u—vy = JE[(u —v)(u —v)T] (1.23)
EFRRBuMyEINEMONREELNR

{u,v)
|zl |v]

Fu,v)=0, cosf0=0,3X B u M v RMIEX,EHulv,
' EARSEHP, ~HJREXLXNEEA—~ERHEXL . BR-EAFREXNETREN—
ERZUEXY. BAEMAFAREXWHELLR 6,6, a ENHETR
(€,€) =0, i#j (1. 25)
S Y={6,6 e RHBNABRKANWERETFER, BATHEREIZABRT AN ELE
.
REBEXAHBEHE, LMBEILTR x, ATRETFERY, TR— 2B ARELHREXHT
S—BAMTFYREY P, —-BAa5Y BH,H
x=x+e, xEYel|Y (1.26)
SBFNxEY ERNEXERE. B L2 XMRRATEXABEHR)ILAEL, XEERTE
WYR-REECEE),BIERx AENFALB xR e BARBER. £RA. 26008,
X&iFel Y BHREeS5Y FENMNRBERX, SRUVE5Y NEI M BREXR s EX,.HA
(e,&) = E[eg;]=0 (1.27)

cosf = (1. 24)

BABRNEXTR.
T YR, El, TAEXRRNRBARRER

x= Ea,-si (1.28)
RPN ER . THREBERXFRAAE. BX
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MAEXFR, LAfitR
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