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= Vp,e-'(tha}'!p, Vt,S 20
R E{z} A var(z).

1.5 4 (EEE) 55
x(t) = Acos(wyt — @)

K, BE w, H—BEHRER, WA ¢ B—1E [0,2r] ARNIAHHHK. F
LA T R fE L

(1) WE{E A Sy — B 2 IR R

(2) {E A y— Rayleigh 3 WHREYER, ©5 ¢ Gitar, BESAAH

fala) = %e'“zﬂzaz}, a>»0
AR FSTERMEL TR SCFRAG?
1.6 {ERE] SCPREVNRE () B 3 7 2R ¥0n T 5.
C;m (T) = Cza:(_?-)

ch:c ()] < €y (0)

RE1.7 SRRV SCT-RaRE ML AR Y FAR R s RO B 2 s BN T 5T

C:y (T) = Cyz(—T)
R;y(T) = Ryx("T)
1Ry (DI* € R,5 (0)R,,(0)

1.8 FEAMBERES =) M y@), K

z(t) = Acos(w,t + ¢)
y{t) = B cos{w,t)
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A AR w, FERTEE: ¢ AHHMGHRENAR, HEREERICY

1

. 0K $<2
5@-{% s

0, Hfb

i B 2—tRAFHEMEN T ZNIRERTEISE, NEAFRYY

fe(b) = L exp(—b%/2), —00 < b < 0o

V27

(1) R 2(t) B91E . (1), 772 o2(t). HMIRER R, (1) MG LR C.(7).
(2) % ¢ 5 B MMESIT ML HRTUEE, R o) # y(t) WEMELE R, (9
5EhFERH C,, ).

B 19 SHEIES 2(0) BASIEREIES 20) F1y(t) ZH1, B
2(t) = z(t) + y(t)

FH 2() f y(t) BEFFHE. REENES 0) Wb rEEK C,.(0).

Hii0 &
z(t) = Acos(2nf .t + ¢) + nlt)

A ¢ BE [~ n) IS HHRENIE R, B

1

— MR
nw={% TREST

0, Hft

n(t) B—FERFRERLRA, HohaEgsy sy

N, _
&m_{y,u f1<B/2
OP ﬁf&

HEH ¢ 5 n@) 3. RIEW () B — “THEEE WA, B3 S
y(t) = 2°(t)

RS y(t) HWES AHXER.
RF7: FHEHRGEN AR - HERETE, &

E{n(®n*(t— 1)} = En*(On{t — 1)} =0, ¥r
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111 &
z(#) = A[l + m(t)] cos(2nf.t + ¢) + v{?)

A m(t) 2—mEVAR, HNENF, hHEEECY

sin(r/2)

Cplr) = R(7) = 2

¢ RMIZGA4, B

1
f(é)___{ﬁ, —M<PCR
0, FHiw

MPERA o(t) B—FHEMNEIIR, HAAXEHY

sin(Br/2)
Br/2

H A HEULE R m(t), o M o) FIHMIL, 4 o) AETHEREEMEHA,
K y(¢) = 2°(0) BHE E{y()} FEXEHE E{y(y+ D}

112 BESLUES o() AT EAN RN
o? B B
Rp={B "2°7%%

0, Hit

A o > 0. REESH HAXRERA DI,

M 1.13 B4 2(t) M y(t) BRI FHENTREVIAR, H 2(6) = <) +y(2).
(1) #F «(t) F1 y(&) A E IS, FEEMMEHXHES RN

R,(T) = NyB cos(2nf,7)

R.(r)=e™ " 1 R, () = Bs(r)

K z(t) FIBHEEE.
(2) %
z(t) = Acos(2mf.t+ ¢)

AH ¢ BEE (—m,n] NS SAMEEYIE, H R (1) = 86(r). K 2(t) BITh & BE,

Mi1.14 % () B—WRGaTREVER, HIREEEN P,(). &

y(t) = El-w%

Ryt BIh R H K,
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BE1.15 % z(0) B—TRadE, HHERN m, BHXEEY
R, (r) = ad(7)

H T
y(t) = % J; T:t:(u)du, 0Kt T
Ryt BIE. BHXRBASE.
H1.16 B2 z(t) R—MFRNRHEILLE, BBEY m, FER A &

yit)y=z(t)—2z(t-D), D>0

B a(6) B S %ERCY ot
SN 2T TaT
R:c(r) =g? 27‘(}'0:
K oy() B9 5 RECNTh R,

H117 4
y(&y == - D)+ ()

NEEET, AP D RRET o) WERER. BA 20) fil o) BRAEAEMIHZF
HEFREEVEE, BT aHExEiy

R,(r) = A~
B,(r) = Bi(r)

REAXEH Ry, () M R,y (1) LR ENSERBEE P, (f).
W18 ARG hFRA

y(t) = J":’ h(w)o(t —w)du + v(t), 0<t<oo

H o(t) B—FREIRE, E5HRAGS o) g0t 4%, i
E{v()z{t—7)} =0, ¥r

R o
Hp = 22l

AH P, () 3R 2(t) WZ)ERBEE, P, (f) TR =) M y() WETRBER,
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/119 % x(t) M y(t) BATFHENENES, F2
X(f) = f:o c(t)e I 2ty
v(n= [ s
SHElRE e(t) 1 y(t) # Fourier Z5¥k, ERI HShREHE
Poy(f) = X(HY*(f)

B 1.20 SPHTERBREENMESHEARKESY
yj(t) = mg(t) + Uj(t)a i=1,2
BB THA 7, LT &AM

E{z;(t)v;(t+7)} =0, 4,5=1,2
E{v;Q)v;(t+7)} =0, ij=1,2Hi#j

Eﬁ:ﬂ- wz(t} *ﬂ Ui(t)!?: = 1$2 ﬁﬁ‘ﬁl’?ﬂﬁ.

& AT R ¥
Ci2(f) = By )
\/Pyi W (f)Pyz,m {f)
Kot By, (F) 2 alt) 70 y,(0) STV, W
o, (Flas(f)
&4 =
2= T + A0
A H
P D
() =[5 1=

1.21 CHFEER » fl y WERS BT ERECY

_ 2 _ - _ 2
flz, ) =aexp{—2(11r2) [{x U;Z) —2r(£ p;x)fry Hy) + W ny) ]}

Y ¥

A r RREYER = My ZEHHESRE, B

- E{(c — p,)(y — )}
B 0.0,
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HERF LT 452
(1) z M y B ARWRFF RN

1
f(y) = \/Eﬂy exp [_ 203
Bl = F1 y )R IE SR BV ER,
(2) BEIESHILER « M1y AL, WEFIZHMAL,
H122 4
y(t) = f_ h{w)z(t — w)du
B R TR A wim Y R A nf il ¥, HD

f_m [A(B)]dt < oo

M 1.23 REMIMETAFR {f,(2)} H=E4IETRRR L) =1, L) =
x, fa(x) =22 @R, HH « XM [-1,1] BE.
(1) F} Gram-Schmids ¥R#EIE 3L B

k—1
fk - Z(fk!éi)@ﬁi
Q”kz ;‘—_‘11 ’ k=1:2)'“1ﬂ'
fi - Z(fk,cﬁ,:mH
=1

¥ {fi(@)} BRIEZFA {4:(0)],
(2) A Gram-Schmidt $RHETE 234k 3 R L

(fnfl} (fufz) (fl!.fk)
(f21f1) (f21f2) (fﬁ:fk)
dy = : : : :
(fk_pf]} <fk-11f‘2> ‘e {fk_pfk_l)
£ fa fx
¢;k d k=1,2,---,n

— &
(dy, di)'

# {fi(2)} ZERIFF {o,(x)}, FRBEFF {9,(z)} BIRAEERIE.
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M 1.24 FRERTREERAT

B(t) =) exty(B)

=1

EEZER G S (). BEEZER BB ¢ (0. d(8), -, 0, HEH, &
KRR e 00,05 Cme

1.25 BAERAEKBH
#(n) =Y c;di(n)
=1

KEP k= 1&2:“' 3Ns ﬁz}zﬁﬂ:g\ﬁ C11C2: """ 1 Oy
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¥1E MWNfESE

1.1 H o) WEXKBH, BHHESEES o) =, M z20,) =z, BN
FRTRERELE, EME (-1, -1),(-1,1),(1,-1),(1,1), MEM 1.1 FExR.

1 (t)

&
1F

1.3 J B H &

Z5(t)
&

20
D
-1 t) {a
x3(t)
F
1
11} 2T
0
-1} b2

TEPIHPTREIRE (—1,-1),(~1,1), (1, —1), (1, 1) Py 25 60 P4 # BB6 45 B R 03 A

H

IA & B

2r

(31 [

L 3

FEE 1.1 EF (SR RRE

Plz, = —l,z; = -1 = (1 - p)°

Plzy = -1z, =1]=(1-p)p

Pz, =lLz,=-1=p(l-p)
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Mz = (z,,2,) HEBCEMERFEE R T %N,
Fy, 22) =(1 - p)?8(x; + 1)8(z; + 1) 4 p(1 = p)8(zy + 1)8(z, — 1)+
p(t - )y — (e, +1) + p26(2; — 1)d(z, — 1)
BRI
|77 s mazdey = (19 + (1 - pp+p(L - p) + 7
=1
EE: == (r,n) NERERESHY
flz,20) =(1 —p)?8{z, + (s + 1) + p(1 — p)8(z, + 1)8(z, — 1)+
(1 — p)alz, — Dé(xy +1) 4 p?8(z; — 1)dlz, — 1)
RE1.2 5811 REHERENS.
M3 2HH, §
2
‘ E{ 2 (t + h; =20 _ sty }
—E { sinfa(t + k)] — sin(at) — oh cos(ot) 2}
B h
_E { sin(at) cos(ah) + cos(at) sin{ah) — sin(at) — ah cos(at) r}
B h
_ - [ |sin{at)[cos(ah) — 1} + cos(at)[sin{ah) — ak]|?
=E { - } (8% 1.3.1)

3f sin(cch) H cos(ah) fF Taylor IR, &

sin{ah) = ah — a;—‘;ﬁ + ® B

a’h?  ath?

ot qr T R

cos(ah) =1+
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20 Bimx BWES

HiX R H R AMRAR (F 1.3.1), FARSH, WE

2(t + h) — z(f) 2
{4 |

— cos{at)

4

2
sin® (o) (a2h2 + . )
2 cos?(at} (a®h3 — .-+ )?
< 2E > +2E { - = }

.

< 4h°E{ ||}

L h-ont, BT

2
lim E { 2o(t+ h; —=lt) _ cos{ot) } =0 (R 1.3.2)
B F
dz(t) . x(t+h) —z(t)
—ar oA h
B (B 1.3.2) HEGHER

my =E {d:;gt) } = cos{at}

EE: MR c SERHERY m, = cos(at),
1.4 IHE E{z), 5

T
E{z) = % J; 2(t)dt = % J"DT E{x(t)}dt

REEHTHFMEESFH T, W E{z@)) =ve A LR, &

E{z} = %j:m(t)dt = % IT vudt = vy (A 1.4.1)

[}]

5H—Jim,

:1-:2

[T etwa] = g 7 [ ey
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B S

E{fﬁ}——E{j f t)m(s)dtds}

_ ﬁfo L E{z(t)z(s)}dtds

var(Z) = E{fz} (E{z})?
f f E{a(t)e(s) hdtds - = J"OT f: m{t)m(s)deds
_ ﬁfu J; E{[2() — m()][z(s) — m(s)]}dtds
- % f: J;T Cit, s)dtds (B 1.4.2)

BT EEF ST ERERXHFLY, B Cs) =0,1),

var(Z) = ]ng dtj C(t, s)d -—[ dtj e (t=8)/edg

ARIE -ITEFAWeHE, EHTEIN Cts). HHELENMES, WH

vt vl
var(I) = —jﬂ‘"— - ?‘;—(1 — & Tiny (BE 1.4.3)

EX: HYER « HEERsHEHEIREN T 2558

E{Z} = vu

H15 ¥k HBERESENEE

z(t) = Acos¢eos{wyt} + Asin ¢ sin{wy )
= A cos(wyt) + Ag sin(wyt) (K% 1.5.1)

A Ay = Acosg Fl Ag = Asin ¢ 5 BIRH RIS 2() 8RS E S,
MR, R A R Aq RREHLER, T cos(wpt) M sin(ut) B AW EHT AL,
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29 Ei1E MEE

RIERIEHEGES @) WHEMDrERE. X THE 1), BT 4 JETHIE
T, shX E151)F

E{z(t)} = E{4,} cos(wyt) + E{Ag} sin{w,t)
= AE{cos ¢} cos(wyt) + AE{sin ¢} sin(wyt)
=10

Heb ¢ B7E [0,2n) ARSI HHENER. XPERATBABZER E{cosg} =0 Hl
E{sin ¢} =0,

RKfelm, TR (2, BT 4 B—HENIFH Rayleigh 2+, ESH—4
WAL ¢ Sitsor, BhR (1518

E{z(t)} = E{A}E{cos ¢} cos(wyt) + E{A}E{sin ¢} sin(wyt)
=0

AHFHTEE E{cosg} =0 il E{sing} =0,
T EES o) ERHEE THRTHER, e EXRB S £ %R
%, B EREATASH:

R, (k) = B{A® cos(wpt — p}cos(wpt + wok — ¢)}
= %E{AQ cos(2uwt + wok — 26) + A% cos(wy k) }

= %E{A2} cos{wek) (%8 1.5.2)

AP ERTEGR E{cos(Zwpt + wok — 20} = 0, Hrp ¢ BIE [0,2n] RHSISAEIEE
LR E.
B TFFEMEM (1) T E{4%)} = A%, 7B (2) TE{4%} = 20%, B (B 1.5.2) 441
I8 WA (1) F R, (k) = %AE cos(wok), TEIHM (2) F A.(k) = 0? cos(w,k).
BX: MTHEMAXEES SR ¢ X, $REESTERE UM @) T
RS SRR R .

B1.6 & p BRI SCFREEENNR o) B39, N
Coe(r) = [E{z()z" (£ — )}

= E{x(t — m)=* ()}
= Cm:.':(w'r)
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23

XA ERFEEIFANE I RER
T A th 2 m R RS FE RN Fourier XM, &F

Cea = | [ Peatner=as| < [ 1Patnlle™ ot

B FHRBEERARG, 5 L) >0, Fill LTS
Coatr & [ Peat S = Coal0

XEER TS S — 4 BEITHN LA,
M7 hEOTEREENL B
Cr, (1) = (E{lo(t) — syt — 7) — 1, I'D"
= E{[z(t) — p]* [yt — 7) — p, 2}
= E{[y(x) — ple(u +7) — 1, ]}
= yx(_f)
XREATEE A BEFHN AR,
Hefiid, BATH
Ry, (1) = B{z®y* @t - D"
= E{z*()y(t — 7))}

— By(u)a*(u+ 1)
= Ryx (—7)
BB RSB
B B 36 R BRI B T 2 BRI SE A AN

Boy(7) = Csglr) + ity

Vi, B
RZ,(7) = C2y(7) + 2p, 15 Cy (7) + pil oy
P NES]
IR, |* RN (TN + 2lpspig]  1C, (7)) + L Pl |
{5, BT

|G,y (TIF € €2 (0)C,, (0)
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24 KIE HMHNLGES

B LA

|Rpy (7)1 & Cn(0)Cy(0) + [ Py + 2ltizpty 14/ Caz (0)C,, (0)
€ Oan (0YC, (0) + 1, [y |2 + 1125 C o (0) + |12, |7 Cyy (0
= [C.a(0) + {122 *] [Clg (0} + 112y *]
= R, (0)R,, (0}

X REFERBIEANE =T AR, EE.

1.8 EREMEET o) RETRAEG ¢ WRENLE, FRREEmEe
FMT ¢ (RS, B E{z()) = E,{z()}.

(1) WS =(t) MHER

Hy = Eqb{x(t}}
= E {Acos{w.t + ¢)}

= i JM Acos(wt + $)de

27t 27
_ Acos(w 1) J‘ cos b — Amn(wct) J‘ sin ¢deb
27 27
Acos(wct) sing| - Asm(wct) cos
27 a 21 0
=)

B TEE S o) WHRESTF, RHFZEESTRE, UF

ol = th{m?(t)}
= B{ A% cos®(w,t + ¢)}

— A2 lE{l + cos(2w.t + 2¢)}

A A2
== + —E{cos(2wct + 2¢)}
2 2 2n
= A? + % % cos(2w, t + 2¢)dé
0
A2
T2

Blig sk ES A2 H A% /2.
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IRIRAE S =(t) Y B AHRER

R (1) = E{Acos{w,t + ¢)A cos(w,t — w.T + $)}

= A"E{cos(w,t + ¢} cos(w,t — w, T+ ¢)}
2

A
= ?E{COS(%J — wT + 29} + cos(w,T)}
2

2

A?
cos(w,.T) + —~2-—E{cos(2wct — W T+ 2¢)}

APHHE TS TE, &
2
R (r)= % cos(w,7)

BT () WHESTE, SHADFERRS HXRRSY, B4
C.(r)=R.(7) = %2 cos(w,T)

(2) B TRE () 5 y(t) WEMREH, HFLERRE y(t) KE, E8HE
y(t) BIRZA+T HEEE B YRIER, &F

ty () = Eg{y(2)}
=Eg{B cm(wct)}
= E{B} cos(w,1)

A Ep RARITHNAR B R iE.
¥ B R—MrERSEITR, HNE E{(B} =0, #
py(t) =0
BT ¢ 5 BM, HE
R,y(7) = E{A cos(w.t + ¢) B cos(wt — w,7)}

= E{A cos(w.t + ¢) }E{B cos(w.t — w.7)}
= AE{cos(w, t + ¢) }E{B} cos{w,t — w,7)}
= A x 0+ 0 x cos{w,.f —w.T)
=4
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26 H1E RBWNiES

S F 2(t) 1 y() HREBSTE, B85
Czy (T) = Rmy(T) = 0

EE:  EEES 20 5 y() BAHXGF YL,

19 BT p,=p, =0, 8 p, =p+p,=0, \TT 200) WEHTERHS
HAHCREME, B C,(7) = R,(7).
B | o 2GR 3 U

C.(7) =R.(7) = E{2(¥)z"(t — 7)}
=E{[z(&) + y(D][z( - 7) + y{t - 7)]"}
=E{z{t)z"(t — 7)} + E{z(t)y" (¢t - )} + E{y(t)z"(t — )} + E{y{t)u"(t ~ 1)}
=R, (7) + Ry, (7) + R, (7) + R,(7)

EX: HOET =) = 2(t) + y(t) BT ERECN

C. (1) = B (1) + R, (7) + R, (r) + R, (1)

A 110§, XMIRAEEWHNSGAES ¢ AERBEE &

I 1 &
E{cos(k¢)} = o I_n cos(kg)dd = ﬂ% sin ¢/ |Z,: g =0

1 ™ 2
Efsin(k¢)} = 5- J"_nsin(kaﬁ)dé = %t% [— cos ¢"|:f:—kn =0

TE MFEEEH ML B

E{cos(mnf it + k¢)} = cos(mnf.t)E{cos(kd)} — sin(mnf.t)E{sin(ked)}
=0 (B 1.10.1)

(1) 8 y(¢) BPfE, 7

E{y(t)} =E{[Acos(2nf .t + ¢) + n(t)]*}
=E{A% cos® (2nf t + )+
2E{ A cos(2rcf .t + A E{n()} + E{n?(1)}

:1‘1;E{{L + cos{4mf.t + 2¢)] + R, (0) (& 1.10.2)
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AFFAT E{n(t)} = 0 X—CRFME, HIHERRE o) $hTER

cnln) = Ro() = [ PP

_ j.+% j—vﬂejz"‘f’df
-8 2

__ NyBsin{Brn)

N (Brm)

Hro 08, X (@ 1.103) FHER

cos(2xf.1) (B 1.10.3)

R,(0) = N,B (8% 1.10.4)
K= (B 1.10.3) X (B 1.10.4) fAAF (B 1.10.2), BB 3 y(0) BH{EN

Bly(t)} = § + NoB

(2) $5HHES u(t) BV BHIXRRECH
E{y(y(t — 1)} = E{[Acos(2nf.t + ¢) + n(£)]*[Acos(2mf(t — T} + &) + n(t — T)]?}
AFEitEZ, B

E{y®)ylt - 7)} = E{4* cos?(2nf.t + ¢) cos®[2nf,(t — ) + @]} +
E{2A cos(2rtf,t + ¢) A2 cos?[2mf, (¢ — 7) + ¢} E{n(t)} +
E{A% cos®[2rcf.(t — ) + $}E{n?(O)}+
E{24% cos®(2nf.t + ) Acos[2rf.(t — ) + ¢} E{n{t — 1)} +
E{4A? cos(2nf.t + ¢) cos[2nf.(t — T) + S }E{n{t)n(t - )} +
Ef2Acos? 2nf.(t — 7) + ¢]}E{n(t — T)In®(£}}+
E{A? cos®(27tf.t + o)} E{n2{t - T)}+
E{2A cos(2nf t + $)}E{n(t)n?(t - 7))+

E{n*(t)n2(t — 1)} (B 1.10.5)
APHAT ¢ 5 n(t) WIS HMEHE.
FEEH
E{n(#)} =0

E{Acos(2nft+ @)} =0
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XATF oft) BFEHENSHETLIE, AERESTE, B

E{n{t)n*(t—7)} =0, YT
E{n*{t)n(t — 1)} =0, YT

B (8 1.10.5) ~ & (& 1.10.7), 7] IBE]

(B 1.10.6)
(& 1.10.7)

E{y(®y(t - 1)} = B{A? cos® (2nf.t + @) cos®[2nf.(t — ) + ¢]}+

E{A% cos®[2nf.(t — 7) + ¢ }E{n? () }+

E{4A? cos(2mf,t + ¢) cos[27f,(t — T) + ]} x

E{n(t)n{t — r)}+
E{A% cos? (2nf.t + $)}E{n?(t - T)}+
E{n?{tin’(t — )}

MR (B 1.10.3) fi= (8K 1.104), B
E{n*(t)} = R,(0) = N, B
E{n*(t - 7)} = R,(0) = N,B

Ny Bsin(Brm)
{BTn)

E{n(t)n(t - )} = R,(7) = cos(27tf,T)

E{n*(t)n?(t — )} = RA(0) + Ri(7)
N§B?*sin’(Brn)
(B‘z T2"."If2)

= N2B? + cos?(2nrf,.7)

AA (& 1.10.1) 18

E{44% cos(2nf,t + ¢) cos[2nf,(t — T) + ¢]}
= 2AE{cos[2rf,(2t — 7) + 24] + cos(2nf.7)}
= 2A% cos(2nf,T)

¥ "4 "pdffactory Pro" $#%& = ( www.fineprint.com.cn
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Gl
A2
E{A4% cos?(2nf.t + ¢)} = TE{I + cos(47tf.t + 26)}
AZ Az
= 5 + ?E{COS(‘lﬂfct + ¢)}
A2
=5 (8% 1.10.10b)
it
E{A%cos®[2rf.(t — ) + ¢]} = ; (& 1.10.10c)
AR

E{A* cos?®(2nf,t + ¢} cos®[27tf.(t — 7) + 8]}
4

= %—E {[cos(2mtf,r) + cos(dmf.t — 2nf T + 2¢)]° }

= AT4 [{}052 (27‘[’ch) + 2803(2ﬂch)E{003(4nfct - 27'['ch + 2¢'}} +
E{cos®(47tf, — 2nf,r + 26)}]

4

= AT [ms2(2ﬂfc‘r) +0+ %E {[L + cos(8nf t — dmf.r + 4¢)]}

4

= AT [coaz(Qﬂfc‘r) + %] (&2 1.10.10d)

¥ (B 1.10.9) F (7 1.10.10) —2LAR (B 1.10.8), BIT[BR y(t) B89 HAAXH
BT

E{y(t)y(t — 1)} =ATQ [0052(271ch) + %] + %2NDB+

Ny B sin{Brm) A2
¢ B 0082mfe) + 5 NoB+
NZB? sin®(Brm)
{Brm)?

242 cos(2nf,7)

N§B® +

cos(2nf,7)

2

:AT [cosz(ancr) + %] + ANy B+

in{Brr
N2B? {1 + —Sm}(}r; )

cos(2rtf.7) [ A? sin{ Brm) }

2 f
NoB cos(2rf.T) + Bt
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R y(t) MEAXEEY

b

B0yt - )} =7 [oonfer) + 3] + 47NoB

sin{ Bri)

cos(2nf,7) [f{?u; cos(2nf 1) + w }

NZB® {1 +
A 11108 37 s(t) = A[L + m(t)] cos(2nf.t + ), MBT m(t) 5 ¢ HELF1
3, #FH E{m(t)} =0 f E{cos(2rf.t+¢)} =0, &H

E{s(t)} = A[1 + E{m(#)}] E {cos(2nft + ¢)}
=A(1l+0)x0=0

R s(t) HHXEEL, 19

E{s(t)a(t + 1)} =E{A?[1 +m(t)] cos(2nf.t + ¢)x
(1 +m{t + 7} cos2rf.(t + 7) + ¢}
=A?E{[1 + m)][1 + m(t + 1]} x
E{cos(2rfct + @) cos[2nf (¢t + 7) + ¢]}

=A%[1 + E{m{t)m(t + 7)}] x % cos(2nf,T)
:ATQ cos(2nf. 7)1+ R,,(7)]
2

:A? cos(2nf T)[1 +sin(r/2)/(+/2)] (A 1.11.1)

EEIFAHEENA BN TRNESTE, XA

2

E{s*(t)} = E{s%(t + 1)} = A? (& 1.11.2)

E{s*(t)s*(t+ 1)}
= A’Efcos®(2nf ¢ + ¢) cos®[2nf,(t + 7) + S| }E{[1 + m®)E[1 + m(t + 1)}

= At E + %cos{dﬂ'fcr) [1+2R,,(0) + 4R, (7) + 2B% (7) + 2R, (v)] (B 1.11.3)
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FEE
E{cos?(2nf.t + ¢)} = E{cos®[2nf.(t + 1) + ¢]}
E{v*(t+ 1)} = R,(D)
E{m(t)} =0
&)
E{2 ()% (t + )}

= E{A"[1 + m(1)]? cos® (2]t + )v*(t + 1)}
= A2E{[1 + m(t)]*}E{cos® (2]t + $)}E{v?(t + )}

A2
= 2 RAO[L + Rn(0)]
= E{s*(t + T (1)}

TEITH y(t) IEAXEE:

E{y(t)y(t + 7)}
= E {[s{t) + 2()*[s{t + ) + v{t + 7))*}
= E {[s*(t) + 2s(t)v(t) + 0 (£)] x
[%(t + 7) + 28t + Tyu(t + 1) + vt + 7)] }
=E{®Pt+7)} +E{HA O t+ 1} +
4E{s(t)s(t + N)}E{v(t)v(t + 7)1+
E{#MO}E{*(t+7)} +E{s’(t + 1)} E{* (1)}

i

E{v*(t)} = E{v’(t + 7)} = R,(0)
sin(Br/2)

E{v(t)v(t + 1)} = R, (r) = NyB Br/2

cos(2mf.T)

Hit, %400, &

R,(0) = N,B
E{e?(t)?(t + 1)} = R2(0) + 2R3 (1)

2[NpB sin(B7/2) cos(2nf.7))?

= (N,B)? + Br /)

""# "pdfFactory Pro” $#%& =  www.fineprint.com.cn
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B 1111 ~ R (8 1.11.4) M (8 1.11.6) ~ 2 (8 1.11.9) LA (&3
1.11.5), MiA

E{y(t)y(t + 1)} =[t + 2R, (0) + 4R, (1) + 2%(7)]%4[2 + cos{4rncf )] x
L+ R, (7)) + [RZ(0) + 2R2 (1)] + %2 cos(2nf,7)[L + R, (7)]+

AR, (0)[1 + R,,(0)] + A2R,(0) (85 1.11.10}

BER: Byt =220 B EAEXREMR @ 1.11.10) FFRE, K

_ sin(Br/2)
Bpn{r) = Br/2
R, (r) = NOB%%,E)- cos(2nf.r)

B 112 HTHEIES «¢) WHESTE, HEARXER R,(1) 58HhHF
ZEP C.(7) /%, B B, (r) = C,(n).
PR B BT ZRMS I EEEER Fourier FHMAR, B

() =Cn) = [ R(f)e*df = f; ey

= E:r—zj Omrel 24T o - _AnBro®
B f=-B/2 sin{mBT1)
TR, Fopshsy
nBT

P =R, (0) =40” lim — 40?

T—0 gin(ntBT) =

wE: FEUHEST 407,
B 1.13 (1) BT =(t) M y(6) MEMIL, ¥ 2() = z(t) + y() B B HIXEH

R, (1) = E{z(#)2*(t - 1)} = B{[o(t) + p(®)lfa(t - 7) +y(¢ = 7))
= R,(r) + R,(r) = e~V 4 33(r)

XA T () BRE m, Ry (6 ®XE m, BETF, FLL () Em, =m,+m, =
0. FR&, =) WBEBrERENEHXEEAES, 0y

C.(r) = B,(7) = e~ + B5(r)
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H; Fourier LM 2(t) W SEE .

s .
P = [ cmetirer
ols wl . ') .
— e—alrle—_li‘ﬂfrd,r +I ﬁé(r}e—_] T
r‘\m . 0 X
— e-'—CkT—_]QthTdT_’_J‘ ear—JzﬁfrdT_i_ﬁ

Jo —o0

1 + 1

at+i2nf a-—j2nf
2ox

= Fraef + 8 (8 1.13.1)

(2) Y4 z(t) = Acos(2nf.t + ¢) B, HATXEH

+ 8

R (1) = E{Acos(2nft + ¢}A cos[2nf.[t — T) + ¢]}
= %AE cos(2nf_ 1)

FiE= )
R,(T) = Ry(r) + R, (1) = §A2 cos(2mf, 1) + B6(T)
vi'd
C.(r) = Ry(r) = 5 4% cos(2nf, ) + BB(r)

BB, 2(8) OEEEE A
‘ PN =7 umeimitar
- d: EA? cos(2mf.7) + [3’5(1')] emi27i Ty
‘ = [T Lap(@rnter 4 ety i gy 4 f:o Ba(rye ¥ dr

Jooo 4

_ 1, J' 0 emien(f-fdrgy 4 L g2 J' eI+ LTy, 4
4 -0 4 — 0
1

= 3407 = £ +0(F + SO} +

‘ AFFAT Fourier FRAAEHRXT :0 6(f)e T fTdf =1 ft J: e 327 dr = §(f).
ER:
‘ (1) =(t) 9Sh 3k

2o

Pz(f)=m

+ 8
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(2) 2{t) B HHE

PLf) = A2 8(F = £) +8(F + £ + 8

1.14 % z(t) B9SEEA X(f), ISEEEN P.() = IX(NP. HEMKMAF
&

Y{f)= y(t)e 2 Mdt

00 d:s(t]e
= t

¥ stw] R
= e 12t d (1)

o =

2 o0 =
= eIt )|, 4 [ adeizes
—i

—j ﬁﬂftdt

= eIt ® _jonf J"_i 2(t)e=i2nftq
= e 12 ip(t)|”  —j2nfX(f) (RH 1.14.1)
BT 2@) =0, t <08 2(—o0) =0, 3H e 32| __ =0, #&
eI ()7 =0 (EE 1.14.2)
R (B 1.14.2) AR (B 1.14.1), BIW[BRMET y(t) = do(t)/dt B3R
Y(f) = —j2nf I: =(te 12t = _joamfX(f) (R 1.14.3)
Bk, #MHES () R EREEd TS
Py(f) = [Y (NP = | - i2nfPIX(f) = 4n®f2 P, (f) (& 1.14.4)

BE: W ET v =dst)/dt WHIEIRBEEST 477 F,(f).
B1as (DR ye) Wl B

E{y()} =E {% JiT m(u)du} = Trl— J::T E{z(u)}du
1 7 m
= fJ;‘deu = TQT— t)

AFEHT EMEG E{z()} =m.
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(2) itH y(t) HEHXERYE. F

R, (t1, 1) = E{y(t)ya(t)}

=E { -1-}5 J;T_T x(u)du J;T_T z(u)dv}

T T *
— %L . duJ; Ly E{z(u)z(v)}dv (E% 1.15.1)
- t, 2t A, BN ueE [t -T.T|Mve {t2 -T,7), AT RS v —v =15,
20, TR, & (8 1.151) BE

1 T u+4-T —1ta
R, (1, 1)) = fiL—r du L_T R(r)dr

- %2_ L T_T du ij b (r)dr
= %{21’ 1), {3t (8 1.15.2)
mE, &
R,(t,1,) = %(2{1’ —1,), t,>t (B 1.15.3)
e (H1.15.2) f (B 1.15.3) 18
Ryt 1;) = {%(ZT— W B2k (T 1.15.4)
LT 1), >4

(3) Z ¢, =t, =t B, & (BF 1.15.4) HHER
E{y*(t)} = %(21” —t) (&K 1.15.5)
HH g BFE, 8

var[y(t)] = E{z*(1)} — [E{y(£)}]?
= J%(21'" —t) — [%(ZT - tl']2
me
2

= %(23* - 1) = = (2T - (8 1.15.6)

EE:
(1) y(t) W5
B{y(H)} = 7 (T - 1)
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(2} y(t) By HASEREL

a —_—
E{y(-‘fi)yg(tz)} — {Tﬂuﬁ(?T tl)! t 2 to

71T —ty), L24
(3) y(t) W

2
varly(8)] = 75 (2T — £) = (2T — ¢)?

116 WT yl) =x(t)—z(t—D), ¥ E{y(t)} = E{=()} - E{z{t— D)} =0,
(1) AT y(t) KWHEFTE, AHADTEREEHN

Cy(7) = Ry(7)
= E{y(t)y(¢ - 1)}
= E{fz(t) — «(t — D)][=(t - 7} — z(t - 7 — D)}}
=2R, (1) - R,(r + D) — R (v — D) (& 1.16.1)

FrEAD 2(t) B B XRPRA B, M

. sin(27fy7) sin[2rcfy (T + D] sin[27fo(v — D}]
O =2 e " e v D) wmfr=Dy (B L6

Cy

(2) |1 B o7 ERBA H SR Z FKERA () iy B R
Cp(r) = By (7) — [E{z(®)}]* = R, (1) — m*
X — R (& 1.16.1)

Cy(r) = 2R, (1) = m?] - [R, (7 + D) - m?¥] — [R,(r - D) —m?
= 2C,(r) = Cy(r + D) - C,(7 — D)

YE Fourier FF¥tf5, NIBThE L% H

P,(f) = 2P,(f) = @*PP,(f) - e3P P (f)

ej27rfD + e—-j AnfD
=2(1- ) R

= 2[1 - cos(2nf D)) 2, (f) (B 1.16.3)
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FEF
P(f) = FIC()
= FIR(r) - m)
_ sin{27f,7)
_FPQ%%:]—HM] (% 1.16.4)
FI 5 Fourier T8 AR
f * sinlar) jongag, - {70 PSS (#E 1.16.5)
—oo X 0, |12nf|>a
i Fourier [ /3
f_ S(HTTAf =1 (5 1.16.6)
AL (B 1.16.4) 153
2
T —m(f), ifI<
by = Lag O A<, L6
~m?a( f}, Ifl > fa
KFEFAT 8(F) = 0,V[f] > fo. R (BT 1.16.7) AR (FF 1.16.3), L EPHH]
- Ll
gy |2 —eos@n D 3 -] 0
2[1 = cos(2mfD)] x 0, 1fl > fo
2
‘j,—o[l — cos(2nf DY}, £ < fo
(%) i-eosznno,  iri=g  (EL168)
, Ifl > fo

RiEFEEWA (8 1.16.8) .
BE1.17 T () Mo HAFHE, FFEMEEMEN, FUHF

E{y(t)} = E{z(t — D)} +E{o(@)} =0+0=0

B y(t) tR— T EABE YL .
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BT z(t) # y(t) MEFHENEYLE, FLENNEDrZRREEHXE
¥R, WA

Cop(T) = By (7)
=E{z{t + T)y* (1)}
=E{z{t + N)[z(t - D) + v(#)]*}
=E{z(t + Nz*( — D)} + E{z(t + 7)v" (£)}
=R, (r+D)+0
— Ae—8Ir+DI (B 1.17.1)

AAHFERT o) S o) M R_(7) = e 87 XA B MR M
MA@ 1.17.1) BEERT r §) Fourier B¥, MWEIRiEER

f) j C, {:T —J2ﬁdeT
= j Ap—AlT+D| | g—i2mfr gp (8 1.17.2)
EEAH -+ D=7f5, R (& 117.2) T
b ! . s .
P lf)= ([_ Ae Bl g—i2nfT dT-') o 274D
= e] ik ( [OO e-—ﬁ‘r" E_'i 2ﬂfrfd‘-"' -+ J‘D eﬁ’-f" e—j 2 fr! d’r’)
W0 s

= Agl 2D (l:o e BH2EAT g 4 jm e~ (8- 2"‘f)"'daf') (/" 1.17.3)
. o

THETRR (8 1.17.3) HRHEE, &

J et g L _pranne |
0 —{(g+j2nf) o
1
= 1.17.4
FESPLT: (#] 1.17.4)
1
\J\OO e—[,@—j 2*n:f)-r’d,rr _ ; e—{ﬁ—jﬁﬁ_f]‘r' oo
0 —(8—j2nf) 0
1
- m (f® 1.17.5)
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$A (B 1.17.4) izt (F 1.17.5) AR (8 1.17.3), ZHE

_ aLj2nfD 1 1 )
Foylf) = A€ (ﬁ+j2ﬂf+.5—j2ﬂf

) 23

_ 2

= A B2+ (2nf)?
_ 248 ol 27D
B2 4 4mRf2

EXE: o) Myt =t~ D) +o@) WEIHREEE R

2AB oI 27D
A2 +4n2f2

P =

B8 1.18 iTH x(t) M y(t) WEMXEL, 8
R, (7) = E{z(t + r)y* (1)}
=E {a:(t + 7) U:o h{uyz(t — w)du + ’v{t)] *}
HT 2(t) 5 o) S AHX, B {20t + @)} =0,vr, #

R, (r) =E {Lm B(t + )" (£ — u)h*(u)du}
- J:” E{z(t + 7)z* (t ~ u)}h* (u)du
‘ = |7 Rur + )" ()

) ACERE RS 5

oo

Pmy(f) = N ny('r)e_j 2ﬂdeT

gl #] = o) .
= [I R.(+ +u)h” (u)du] e~imfrqr
—r n

o

nd

_ [~ { f YR+ u)e‘”"ffdr] R* (w)du
1] — o0
= 7 PN e
1]
=Pulf) [ B e
0]

= P (HH™(f)
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Faf) _ Po(f)
Pr(f)  Pulf)

H(f)=
M,
1.19 T () Fy(t) MRAFHE, &
Cpy(T) = Ry (7) = E{z(tly* (t — )} (B 1.19.1)
2, HIhFREEE

P, (f) = f; G, (e 1207 dr
f E{a(t)y*(t — r)}e 32 7dr
=B {j: [=(&)y™ (£ - ‘r)]e‘jz"”dr}

BRI, 5
Bplf)=E {f:o z(®)e 2y (¢ — 1) 2“J'(‘*“f)]dar}
=E {w(t}e‘j amft f;[y*(t - r)é“ff*-f)]df}
= E{a({t)e™1 "1} Y () (5 1.19.2)
R

Bfa(t)e 32"} = lim f s(t)e=1 2 StGe

= f z(tye I tat
= X(f) (8 1.19.3)

A (B 1.19.3) fRAR (B 1.19.2), LEpB
Pe (F) = X(NY*(f) (B 1.19.4)

WEH,
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B 1.20 BEEENC, , () =R, ), &

Cypyg(ﬂ = Ryl.yz(T)
= Effz,{t) + v, ()iz2(t — 7) +va(t — 7)]"}
= Elz, ()23(t - 1)}
= Ry, 5, (7)
=y, 0, (7) (RH 1.20.1)

SARIMT BMAL B0+ 1) =0, .5 = L,2 B B{n@uye+ 1)} =0, i #
5 Hi=12,
Kfish, KT

Ch, (T) =Ry 4, (7)
= E{[z1(8) + vy [z (t — 1) + vy = 7))
= E{z;()21(t — 1)} + E{o (0]t - 7)}
=Ry 0 (7) + Ry, (7)

=0, o )+, o (7) (8 1.20.2)

Copr, (T) = By (7)
= E{[z2(t) + vy (D)]fea(t — 7) + va(t — 7)]°}
= E{z,()z3(t — 73} + E{wa (D)3 (t ~ 1)}
‘ =R, .+ R, . (7)
= Cp, 2, (T} + Ty 0, (7) (B% 1.20.3)

SHAESR, (B 1.20.1) ~ & (8 1.20.3) BY Fourier ¥, B3|

Pyliyg (f) = ‘le,zz () (& 1.20.4)
Pyl,yl (f) = Pﬁl,zl (f) + P‘Ul,ﬂl {f) (E ].205)
Pyz:yg (f) = ng,zz(f) + Pvg,uz (f} (@ 1206)

AT 1.19 &)
Py“yz(f)=Pz1,z2(f)=X1(f)X2*(f)
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LNk
Py (0 =X (APIXS (NP = Pr, 2, ()P, 2, (f)

WEET RS E L, B

P;l ,yz(f)
Pylvyl (f)Pyz,yz(f)
_ P2, (D)

Cla(f) =

TP A+ Poy (NP, (D P, (]
P, (HP,, . (f)

[Pe e F) + Py o (P[P0, () + Py, (F)]

SFRAFRABL P, , (HP,,, (), WH

_ af (flad(f)
Ch(f) = L+ agl( f)][12+ 23(f)]
mF
P, . (D
o (f) = F—(("f_)

HIETE, d (5 1.20.8) B L T4

ay{flas(f)

CL(f) =
)= AT + 2]

.
121 () MBEEEERNNE Y, RITH
0= ey

(B 1.20.7)

(B 1.20.8)

(B 1.20.9)

= ana exp {-2(1 i r2) [(ﬂ :;;’”)2 —2r G~ 1ta)ly = 1ry) + - “”)2] } dz’

a0,

EERAE 2 =2"—p, J57, N

2
Ty

ee 1 2 (y—p,)  (y—p,)?
f(y):&f_mexp{—m [%_gr"""ixar:‘y L Hy)

a;
MRS A
o0 1/2 AC — B2
—Az? £2Br - C)dr = (2 (— )
J;m exp(—Ax T Yz (A) exp )
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B, &
1
4=3a —12)a2
(g - py)
B= 2(1 — rz)oicry
(v — 1)’
¢= 2(L— rg)ag
MR @121 &
— PR (y — p‘y}2
fy) = ayn(l —r?)ajexp | -~ (& 1.21.2)
EHT fiy) EMEFERE, HERSTF L &%
o0 I 5 (¥ — u,)?
f_ f{y}dy—f ay/2:(l —r?afexp | -—— 5" dy
o0 -_—0 ﬂ'y
=1
X EXF-RERARSAR (F 1.21.1), BITE
ar/F(1 = 7702 = \/%Fy (i 1.21.3)
W (3 1.21.3) AR (8 1.21.2), LB B3|
! (y — py)?
fly) = mﬂ_ﬂ exp [_ 205:.-' ] (8 1.21.4)
Ribldh, wTLIERT
- __1____ _ (m B lua:)z
flzy= Voo exp [ ——20_% } (& 1.21.5)
EE, MNTHIER «, X (& 1.21.3) B RNERE
ay/2n(1 — )02 = \/%az (R 1.21.6)
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(2) 5z Wy FAXA, EMMNHCERE r=0. iiER—&, F

flz,y) = aexp {—1 [(“: —gz)z L uyF] }

2
2 o a;

— aexp [_ M] exp [_ Mﬁ} (8 1.21.7)

2 2
20z 207

¥r=04{ARK B 1.21.3) 1k (F 1.21.6), X&

(i 4

PR, "R

= 21.8
“ 2700, (R 1.218)

W=t (B 1.21.8) RN (B 1.21.7) J5, FAARECIERMR (8 1.21.4) fIA
(B% 1.21.5), BpuT483)

flz,y) =

1
V2o, T [' 203 202
= f(@)f(w)

(x - ”’s)‘z] i exp [_ (y—ﬁy)gJ

BT ESHILER o My FHEXN, TNNESEREFERST « 1y &
AHBRE R RBITRR, FUTHXNESHEIER - 1y ~E RS,

122 XBRERIFIELITER,
(1) % g(2) B7E [0, 0] IIEMEEL N

b b
Ua fle)gle)da) < L |/ (z)g(z)|dx (8 1.22.1)

(2) % glz) BF [0, 8] AIERER, 3HH flo)<plz), N

b
L fiz)g(a)dz < J:p(:c)g(m)dw (R 1.22.2)
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BAERAAER, #iTH
0l = | [ htwjatt ~wau
< Ji h(u)z(t — w)|du

< J"_i A ()|2(t — w)|du

SHA o) BT W jo(0) < M, MRS
(1 <3 [ Jhtu)ldu

24 e Y e SR s X B AR BR KR, BN

ly(B] < M f; | (a)|du < 0o

ERW, SREMAFRE, HEHEERFYN, HRERREN. iEH.

1.23 (1) | Gram-Schmidt fi¥EERLE R, BH

1 1
¢1[$]:W=‘_@

-1

N x— {z,1)-1 _x® {3
2@ = ey 1l el \/;”"
1

=0, £EZF

-1

H (z,1) = qu_ll rdz = %:52

1 1 1
{F3(2), b1 (@) () = <:c2, ﬁ> 11

{f3(x), da(x)) P2} = <~T2, %T) %ar =0

A TFA TR
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AL EE

{2) B Gram-Schmidt $RAEIEZZALEE T HE I, B

d, = |f1| =1
N LT T 7
1.1 1 2
ooy @l |2 ol
1 T 1 =z
2z 3
¢32 = = -
1 1/2 2
[f_l (Qx)gdm}

L,y {1,z) (1,22 [2 0 2/3

d3= (37:1) {-“IT,-I') (33,.7,'2) =0 2/3 0 :%3:27._

1 T z2 1 =z P

3.2 _ 4
%xugi—:g—":\/g(?,ﬁ-n

0L, WEREGHWERMER, &

1
P = 7
3
Py = 53’
b =1/ 23" - 1)

_ 1 1 _ L | _
('3”1:951) = <_2,‘“§> = j—l Ed:t— 1

3 3 1

(@3, t03) = <\/§(3x2 ~1), \/2(32:-2 - 1}> = -gj_ll(sxﬁ — 1)z =1
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il
(b, 3) = <%\/§m> =ﬁfl wdz = 0
(by, bo) = < \[(32 1)> ‘/gjl(smz-ndm:o
(2, 3} = <\[ \/_(32-1)> V15 z(32%2 — 1)dz =0

KR, 73 {1, b2, b3} RIRHEIESZH].
RE1.24 HTREBRURTRE, RAMARDIEE

T [m 2
J; li;chﬁi(t) —m(t):( dt = min

AP [0, 7] REHMES AR AR, W&/ _FE, B LEREAXTF o
H—MREETEF, B3

T
‘ZJ; [Ciqbi(t) - :I?(t)] qﬁj(t)dt = 01 J = 1923 et ,Mm

51k
e [ 6ot = [ awo 0t =12 m
;Cij; ‘lﬁ‘l: 7 - 0 7 4 J= 1,4 B
N E2 ] o
Q16 + Qa0 + -0+ O3 C = 5y
(g1 €1 + Qa3Co + -+ + Gy, = o
4
L EmiC) + pyoCy F o+ Q€ = }Bm
A

T
gy = L ¢;(t)¢, (t)dt
T
8= | ats; (et
*ﬁiﬁﬁﬁﬁ, EHW%@JE}F%& C1yCa, 77 4 C
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s

B2 (VAR RS WRT RN, WA
N ['m 2
z [Z €0 {ty) — x(ty )] = min
k=1 Li=1

S ERXENRTRIER o B—NEHETE. ME

m

N

=1 k=1 k=1
HEE
r
Q136 + Xty + -0+ Oy O =
Q31Cy + Mooy + -+ + Qg &y, = P
L
[ Om1C1 + Qoo + -+ = By

N

ay =3 &t )e;(t)
k=1
N

By =Y a(ty)b;(t)
k=1

REEAFBRE, HTREBFER cvep e 0
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HEESLHENEL PSR MET, FENROESEMTHERRIE ST
% Bk, REsEMmTFILRBREANERE: iR, SRR e R,
RE, WBIEETTFRIEMELE, MRMFERENTE —TFisher (FRURT
ZH T F— Cramer-Rao FHERK, EASEMHITE, KBS Bayes flith. &
KAURAG . ARSI I7 MRS/ R ITH T.

2.1 EREREFE

2.1.1 XFEE

B N PREAFEHEESR O, - .0, BETTR—TH N gEZENE o
BRET Y p BEBWEE 6 MER T, iZET AV > 6,

L fitFRE

2% 0 0T T 0 MR R ORISR 20 BT, BT

‘ bd) L E{d-0) =E{f} -0 (2.1.1)

BT 0 R R MG, ERE ) STER B0} =6, IETHTHMEESTE
LB,

2. ¥ AT

fhitF 6 RELSY 0 ML RETT, HYHEARKE N < oo B, HE
b{d) — 0, Bp

Jg;E@N}zﬂ (2.1.2)
‘ At 8, TR N AREBEREHTT.
S0 T O R PUBRSEESH 6 —8, & N > oo WiESHHFLUK

RWRCA R LS 0, [
‘ 659, MNox (2.1.3)
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A D FRUBERIRL.

3. - THIRE
S¥ 0 Ml T 0 MHTIRE M20) B U HEETHFSEESBIRET Y
WXAELE, B
M2(§) =E {(é - 9)2} (2.1.4)

4. fhihT 0 BETIRE M2(6) 577 var(f), W2 () HERM T,

M2(9) = var(6) + b*(6) (2.1.5)

2.1.2 MMM RItb
R HHE

RE — [% x 100] % (2.1.6)
2

EXH 6, BT 6, 1 HEITE B,
#lim, & var(f,) = 1.25var(d,), M RE = 1.25, BIf&F 2 A HF L BHR.
BT 6, WTHEH T 6,, HWHE 0 EHER%ER

E{(@1 —9)2} <E{(éz—.9)2} (2.1.7)

2.1.3 Fisher {£85 Cramer-Rao &=

L SRR
ERESH 0 AEMENT, BEIER « §SRER V B X REAERE
RHHIXTHL In £(2(6) AN FHESH 0 WRTH, B

2 t(l6)

8
V(@) = 25 1n f(alp) = % (2.1.8)

RS ESTE.
2. Fisher (8K
wr IR DR BB Y 22 ¥R O Fisher {8, B JO) #mR, EXH

J(@) =L { [% In f(:c|6‘)] 2} = -E {é‘%lumw}} (2.1.9)
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ZH 2.1.1 {(Cramer-Rao TR %R} 4z = (2,25, ,2x5) HEERE, 553
it 0 R aM 0 wttiit, E 2O g TIEE) e g e
EFTRSEI TR (3 Cramer-Rao ) ST Fisher {5 RAHIE, B
1
7®)

var(d) = E{(6 — 6)2} » (2.1.10)

A Fisher {(§& J(0) AKX (2.1.9) FX. FEXPEERITH RS VERER
9 10 f(zl6) = K@@ -0 (2.1.11)

el K(9) B 8 AN BB, HLRE o1, - 2y T

Cramer-Rao FR-EHE MG H B ARG BT 2, AETTME LR
B H T EIRBAEH T

3. W

FARAEHT 0 By RARA0Y, & K7 25| Cramer-Rao T/, B var(d) = ——

J(0)"
4. HfitF 0 5 Cramer-Rao REER;
db(f)\*
(1 + "“d?“)
2
E{ [(‘3% In f(:c|9)] }

A b(0) HiEHT 0 fiR3s, Bl E{0} = 0+ (), FEE b(6) B4y,
2.1.4 Bayes f&it

1 AR rEH

40 ERTEHER 0 WEA B, 0 RE@RHEanm A PRE/H—1
i, 5 C00,0) HPMERBESANEY, HFTR O M0 ETHEEY, FAHBE
VAT B2k

(XM cARoc o, {HE CEH»0

(2) M 0 € © EAERMAEN A WEE—T 6, E8 (6,0 =0,

FHEE=f gy sk | .

(1) B3R B

E{{§ —6)%)} > (2.1.12)

cihe)=18-60 (FRE2¥ (2.1.13)
C0,0)=16-6[ (MBS (2.1.14)
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52 RZE SRR

X )0 - 0)) RRGIHREEE 0~ 0 WAL
(2) SRR RK

ClH.0 =l0-67 (FRBEO
Cl6,6)=-0IF (HRB¥)
(3) ¥y e pm
C(h,6) = {“’ W=l<d wmew
1, |6-8>4

0, [|8-8] <A

C(6,9) = { . BZ5)
1, ||6—-6|>a
2. R ¥
fHHTF 6 ik R B E
R(4,0) = E{C(8,6)}
Wz FHI RS R #.
3. Bayes f4it

{5 RS e 3 e MUY B B PR Bayes it

4. BN r & (MMSE) #ER
N RIS R AT T iRE

Byvse & E{(6 - 02}

&0 oo
= | 602, O, - daydd
—i -0

TUHE T B /MU BT XA THHE IR /N Frik 2 (MMSE) HERI,

B/ N7 2 ERIR B BBy MMSE i, i TR

o

Onimse = mﬁf(gfl‘u“' s Ty )df

:E{Blmlr“' :'xN}

5. B KERAAEAEN
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4 7 4y 7 R
[ =4} g+A
fnmf=J:m-~Jlmftmf-uxN}F-3L_A.ﬂmxh-~,mNﬁw]da;~de
(2.1.23)
B, R MEE R N %Rmf _0, i
_a_f(gkz ez =0 (2.1.24)
89 13 1N Al

X —HER R B OSIBARHE W, AR RR B 2T Oy RO R MR T,
2.1.5 B

SHNAR « 8 N DRMER 7, - oy, REFEHBERRER S (2,
zy)6),0 € O} WXL L(8) = In f(zy,- -, on18), BRARMSH 6 (LIREH. Frf
R R %L, MEEERMSH ¢ 7 BT R L.

BRI

RSN 0 WlRmEAL, WREERE ¢ SRR L, X
—MZEE TR SRR AR T, 2308

Pur, = arg Igleagf(mls o T |f) (2.1.25)

i i
(1) BABUREH— R R TR, [ERRE ST i ERIE 4R
W BOMLA TR
@) AR BBl
(3) RA R RB i, MR TR,
(&) HFHE N, BOUBET Oy F— BRI, 2 ALY 0, T3
5 [zt anion}] (2.1.26)

2.1.6 SGiksAhit
HEFIF

N
HLNIS = Z unr; (2.1.27)

i=1
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i, w,wy, - wy NERBHSRE, HHFRE E{(0-0)?) B/MEB AR

i=1

N 2
min E{(# — #)?} = min E { (Z wE; — 6‘) } = min FE{e?} (2.1.28)

BB, B e=0 -0 HAMBIHHIRE.
LRYEM T i AR N IE A PR R 2.
E{ex,} =0, i=1,2---,N (2.1.29)

RifiTiRES DRI EEIER. X (21.29) BT LIENETE

N
=1

B
N
> Ryw;=g; i=12.-,N (2.1.30)
i=l
=
Ry =E{z;z;} ¥ g;=E{fz;}
S
R, =E{ez"} = [Rylil1,o, (2.1.31)
w = [wy,--- wp]” (2.1.32)
9=l91,-- > on]" (2.1.33)

W= (2.1.30) TR ARBEXRE N
Rw =g (2.1.34)

Ak, # R A&7, WRRBERH
w=Rg (2.1.35)
B3E.
2.1.7 WpFfhit

EERUFTE Az =b, H¥ o IRASPNE, H ANHE bWHEERND
MBRRFEER AT & RS,
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2.1 *RERSHE 56

(1) RSP B EFENYES, HEE A FH55%, EEVE Az =0
HHEETE, RN 0=A47"b

(2) FRITBETRANSBPAUET, EFTE Az = b FABEHE.

(3) FBRALATEHRET, ERFE Az =bHAREFE.

B/ Tt B TR E:
ATAG = A"b (2.1.36)

R RE LA
(1) %R A WEFIRREY, RT ATA EH R, B/DkEih

fhs = (ATA) T ATh {2,1.37)

He—HE, WINPR2HEE 6 BHE—TTHHRAY.
(2) 555 A BeoHES, BARRY 0 EXNREBIMEAEN A0 #H, 2HmE o —R
Al (HE—) PFiRAY.

Gauss-Markov & # MS{REFHME M HRAGHEFNFE, HFHETBEH
Ay, /bR ER/NE X EREMRHIT.

2.1.8 iR/ FfEit

i “hikRZET-H A
Q) =e"We (2.1.38)

B/MEBS G 0 #hSE R 0 9 ISR/ —Fe it
R/ et TR -

Owrs = (ATWA) 'ATWb (2.1.39)

He, BRmPUGEREN
W=v-! (2.1.40)

BRONAUE BERVERAE V I, B V iR BB T EER var(e) = E{ee’ )} =
o?V FrEE,
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2 Ar0E: 1A

2.2 2] =1

R 2.1 : R—ESHEMNEYER, HBMRFEERECY

_ 1 e
f[m)_mo_e

WIER p M 0? SRl = BIERERTTE.
7l 2.2 FHENESHYER o IfREFREy

[T p———

IERE = B9 n BrEER T A4 -

0, n=2k+1
E{z"} =
{1-3---(?1—1)0'2, n=2k

& 2.3 —HEIES o) BIRMEN (1), 2(2),---. F 2, M 5§ FHZHHA &

MIERR 2(1),-- -, 2(k) BIFIFEE S E AR b2,
1 &
Th= g > =3
i=1

S TV
k=g Z:[I(f) — Z]

Bl T — T FWMAE ok + 1), RIVFEA ok +1),5, # 2 K 2,,, W 2,
iETHE. BEEETARENERLR, EREAE 7,,, A FE 2 1

B A

24 % {z(n)} B—PRERE HYEY p=E{z(n)}. HE N MEEHL

R (1), 2(N), RIUEHE:
(1) E9E

1 N
n=1

REIE = XM
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(2) HFHE

N

2 1 12
&= =7 Z[m(n)—x]

n=1

RELFE 0° = E{[z(n) — p’} B9RMAGTT.

2.5 —MHARA z(n) = A+o(n) EX, HF AR—RAMWFRSBH, W
v(n) REHERE, HENE, FEY o2 FABBRE (1), -, =(N) BRW SR
A, RFAEH I EH) Cramer-Rao TH.

R 2.6 —BEVLERE z(n) = A+ Bn +v(n) #ik, HF v(n) HEHO RS,
MENE, FE%ETF, M AR BREMSMETANSE. RGHT AN B M
{7 ZH Cramer-Rao T#.

RE 2.7 SEWESH
h=s+w, +1=12... N

H it w, ~ N(0,0%) R—HEITEBRESR, BEN0, HFEN o2 REMFS s RS
FE o? KA, K s o® d5tEHH o B9t 2 var(62) /Y Cramer-Rao T#.

Mi28 TWMEEFH TRAH:
Yy, =s+w;, i=12-. N

Heb o, REHEGEHORA, REEAFE. DHEYS s HERTEEEICY

—5%/2

1
f(s) = Wor
RE /M TRE (MMSE) it AMMSE AR R SMAP-
29 SBUGESHTRASAH

ya':ACOS(wci_i_B)"'_wéa ?:=1,2,---.,N

R w, ~ N0, 1), B w, BRRBEMEIFEHBEEE, o HBRIEAEE, Mo
RARMMHEAL B8R w,, - wy HEMSE, REDHLYRILARET b,
B 2.10 —ROCE Ay BetR T RS

Be Pt >0
fr(t) = { :
0, ES0
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He g WoyBE®E, BEX N MREEOGEEAMBISEERE 7,1, - . Ty, FHE
T; HE ST AL,

(1) RARMEPEE R 8 W HEIRRMNIT.

(2) 4 N AR KA, R R 8 fm R R

BA: ERAPCRRBREERF LA

» O |
n:

mne_ﬂzdm = ———
0 a1

H 211 —BEESH
yny=s+wv(n), n=21,2,--- N

ik, A vin) H—HHTREVLRE, CRAEFHEMRNTE o7, FHMH LM
L. R(ES s MRA S ZH BRI T.

B 2.12 BFE-RAMGEHULAE 2, ARHEHEHFHI 2.
B 213 SARMMEYERRAS S, HEESNE

1, 0sz=1l
flz) =
0, Hitb

R LR T, A SRR o B R R s
‘ 214 BRESH

y(n)=s+v(n), ﬂ=1,2,"‘,N

ik, BT o) HHEMIHEER, H E{v(n)} =0

0, i#j
E{v(a')vu)}={ 7

NO% i=J

KIG5 s IEREH T,

#2.15 45E n MMSLBRENER 1,25, 2, ENRAHARMAEE o R
B 5% of, 0, 0% BREM n M ay, a0, 0, PEXLEREYITR, B
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%ﬁﬁ E{Z} :#ﬂ] 0’3 %d\, 3}2 Ay Qny-- 0,

B 216 —CATRELERNTPMGENE o, LHEEEE 8 IRE&HBI). KT
ARG E B TS

Y, =a+pi+w, i=12..- N

AP wii) VLTS, RAESFTF. SFI0MMME =1, 1o=2, 13 =2, y, =
4, 4, =4 ye =8, ¥ =9, yg =10, yy =12, yyy = 13, E}E—Eﬁﬁyjﬁﬁﬁﬁ (¥ f‘n—ﬁ.ﬁ
HE 5 BRI/ TGt

B 2.17 HEREXEFESOTHINE N, B2 c XAFES, EI%H5
BREBN = N+ Ny + N, MEERR sy, 05, oy, K oy, BFRT
i KERR N, MEERE, HERR Q x L N MEERE o HTE i KT
WHHERBET, RAVEEIE s € X, B XRNBAEY

S, = Z S, (5 2.17.1)
v
S;= Y (s—m)(s—m,)T (5 2.17.2)
8EA;
(i)
m; = % 3 s ( 2.17.3)
SE X

FAHE | REE B EE PG, 0, RERUEENE L

5, = zc: Nm; —m)(m; —m)T (7% 2.17.4)

=1

APm B N=N + -+ N PFEM RN S ERER, B

m—iis —izc:Nm (55 2.17.5)
=N $ T W iy 17

i=1 i=1

AU K Q x @ HeKTINBER:, W HEE
I[uTs.v
JU) = ﬁm (5 2.17.6)
diag
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XA N AFHEM B TRAN RN, HRETHAES U 6#.
o218 Ly y—WEHFEFE, TRA TSR

y=Hz+v

A H yMEERE, o AFRATRNERESE, T v SHERngEs i, e
R WA [ B AR DA B4 A
_ 1 LI e
flv) = IR exp ( Y R 'v)
A R Z2WEE R 2ERE, 7R TR, RROMRFRE 2 BH
RO & it REAR e = 2 — 2 MIPFEER P.. X—WEKRIRER
ST BB L T A Bl R Al i Y,

B 2,19 —WM ARG T AR

1
1
1

y = r+uv

A = A—HEENRNSE, WRMES BR v R ERS:

62 0 0
v~ N0, 0 of O
0 0 o3
K = BB
& 2.20 [EE 2.20 @ T —HUR R BAUR T BB RS R B 29,

ol

l R, Rip =00

e T =L
1 L. ._i +
I ] 1o
111 R, R_T__

2
—J:Vg, =

PR 2.20 LSRG B0 s
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Elsh, BE V, DifEdiE R, f—Sifnth o), & difay B —sEsE T A4t
B, FH Ry, =00, REE V BRERMEE V], Vo,V NERESHITE.

B 2.21 e mEE LA

y= A0 + e

Fx, HPF NxpElE A HBET p, HH E{e} =0 fl var(e) = o’ X (¥ HIEE
HEE), & Oy = (ATE AT AT Ty B 6 MR BN e ftit. EM
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ﬁq:' T, = i
EES o M2 CAEE, W w WEESE, &F

1 & 1 &
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#
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FIRARBIA R, W U BERPRYK J(U) s, BFE

U = arg max J(U} (FR 2.17.7)
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EE:  OxQAEXRTRIER U HEHIFIGRIIRERER {S,,9,) BI~X
CEE AL 4

M 2.18 o=y Hz RATMEME, 770G R0 ) 848 3 B
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¥ REV WA (2200 ®R, BEW,V, V, MR RIERNT 545
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1
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vl s
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XEAMTESE ATZ AR p x p BEEX—FE,
WA (B 2.21.6) AR (B 2.21.5), L ENBE|

E{%} = o® (& 2.21.7)
BORIER T 82 2 o® WM.
M 2.22 WHiREEXN
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BT EESFRER/ME, v TS S AR MG, BIEK
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A m, = E{y} fl m, ZEIFRTENER v S EMBNEEME « fER
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j=w'z+b=vw(x-m,) +m, (RE 2.22.3)
W (B 2.22.3) LA (8K 2.22.1), ABEIM RS EER.
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MEWHFEM R
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W= (B 2.22.5) RIfAT4LA
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3L (B 2.22.9) A (B 2.22.8), 4L, B

JMSE - US - ngw (@ 2.22.11)

¥ "4 "pdffactory Pro" $#%& = ( www.fineprint.com.cn



http://www.fineprint.com.cn

23 I BEF 91
WA (3 2.22.10) RA LR, FEHIAHFRENTERLER
Juse = 05 — ¢, Cr ey, (RE 2.22.12)
EE: FHyRERE/MUNBRIERS
Wops = C;]cxy
MM HiRE
JMSE = Ufr - cgycm_lca:y
2.23 H -
Bw] |4
m, = E{‘TI} = E
E{xz} 1
[ 2]
y3l
1
m, = ['“l’] . my =2 (& 2.23.1)
2
N HH
C'v =E {(U - mv)(” - mv)T}
ny nyl Cyzg
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b8 M3W WA

i o .
o1 af o]
anl!  aptd aped
on” en” - af

F=|ap8 opl) b
of" ofy . o4
avl’  onl? o) |

FBM 2 TH MA BHFR b= (b, by, - ,b,|T HETHE.
plitl) — p(d _ F—(ﬂf(‘i)
b F~O B F 5« KERPRERE PO W0ErkE, 57 =/ fl. fIr.

F® 3 FHMA ZRETRBERS, MWELEENL, B MA SREHESERE &
R, €ieit], FEEZHE 1, BERU EEE, HEE MA 2BE RN,

3.1.4 RXIgiRfET
1 fHE&E
VIR p, BENEY X =z, RES, BSBINEEREN N

1
I(zy) o (X =) = log (p_) = —logp, (3.1.29)
k

EREWHT.
(1) FERENFGEFTEMAEFEELE, B

I(z;) =0, Vp,=1
(2) EEREIEMAM, B
I(z;)»0, 0€p,<1
(3) MERUMIFHREN, ROTAPEHINFEERE, B

I(zy) > I(x,), o <P

2. HfFRE
AR R =, F1 y, 2 FIBYEAS B SO
Iz, y;) = logjﬁ?Tl?;] (3.1.30)
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Fr=[r, v, 2]y =00 EEETEIEES, NENZHE
WP EEEREL N

df L P(ﬂ?iaﬂj)
;‘;p(m“yj 8 pzp(y,) (3.1.31)

ZZZ p(z,ly;) log P, (f")«" (3.1.32)

Rt . o P12

_gzz: p{z;,y;) log o (3.1.33)

AF ple;y;) REHER z; 0y, WBSHERIN, M plely;) BREH y; BRT =
R RN, T ply;|e) BEW o, HILT v, BEFEEN,

RPNy

(1) I{=z; ) 2 0;

(2) Iz ) = Hy; 2);5

(8) I{z; ) =0, & = Ml y M>L,

3. 1

ERBBENTER X, ARENFRSENY X SHUAR X BE «, EEN
P, = Pr{X =gx.},x, € A,

FEE I(z) EFFAE ¥ ARTREFCHHEETER X 148, ioiE H(X),
5E X A

HX)EEI@)}) = Y pllz)=- Y pilogm (3.1.34)
z EA:' xkep’c’
ﬁ n
H(X) ¥ B{I(2)} == plogp;, »; " plz;) (3.1.35)
=1
4. e X
H{P@W)] = ;_HJ‘:' In P(w)du (3.1.36)
5. Fejer-Riesz M
% o
W)=Y mez"* f WEv)20 (3.1.37)
k=—p
IR 2R § 4 )
A(z) = a{i) (3.1.38)
i=0
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f£18
Wl “) = |A{e?¥)|? (3.1.39)
HEEBRH A(z) = 0 HRSMMERACER, MR Al2) ZHE—HEH.
6. B KM
T A e IR Bl & {4
R, (m) = 51; J:: P(we“™dw, m=0,%1,---,+M (3.1.40)

HRT, S H[Pw)] SRIZHRE Plw) FRNBEREEGTT. MIF Fejer-Riess
R, X —BRXEEG TSN T AR A4t

£ H H < TLhL
R, (m) = % JirP(w)ej “du m=0,1,- ,+M (3.1.41)
148 v DT AL
e ()= 21—“ J_: In Plw)e “'dw, 1=41,+£2,--- , £N (3.1.42)

AT, il H[PW)] BRI F S T ARMA j#¥461T.

7. BT B AR
z(n) # m BBl ERAETRICH 2(n), &0

#n) % - i a,, (D)x(n — i) (3.1.43)
=1

AT a,(l) TR m ITIRIAFEISH « T REL
8. JE T T us Ak

#(n —m) ¥ — i a’ (Dz(n — m +19) (3.1.44)
=1
PrA x(n) B m B 5 MR, XF o) (1) & a, (@) BIFEILH,
9. ¥ 3% 3.1.3 RIMTHAEEAR R Levinson BHEF I (L)

am(ﬁ) =am—1(i) +Kma:n—1(m"i): 1= 11-25"' sm‘_l (3145)
a,,(m) =K, (3.1.486)
P, = (1= |Kpl*)P,_, (3.1.47)
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G E

1 N
Fy=R,{0) = % 3 [a(n)|’
n=1

10. Sk 3.1.4  F(EIH 00 8 2% B RAY Levinson JRHER L (T H#E)

1
G lt) = ————|a,,4, () — K, 0, (m—i+1
() l_le+112[ +J(] +1 |'l.( )]
Koy = ap(m)
1
P =———F
m 1_iKm+1’2 m+1
ﬂ:-:Fi:]-:zr"'sm-'

11. 3 3.1.5 Burg B
TR 1 HEWRREDES Y HE

1 N
Fy= Y lxm)P

ﬂ_:l

FHRT. S5 BRR 2 A0 G E

fo(n) = go(n) = z{n)

HSm=1.
‘ YR 2 KRESREHY
N
- Z fm-1(n)gpn 1 (n—1)
K, = 1 ]::.zm+l
5 n_%;rl [fn—tl® + 181 (n = D]

PR3 TFHEET R TRE A R

am(i):am—l(?:)-l_Kma':n—l(m_'i)a £=1,2,-" >m_']-

ap{m) = K,

Fk4 HEEMREYE

Pm = (1 - ‘Kmlg)Pm—l

J’DF ¥ "4 "pdffactory Pro" $#%& = ( www.fineprint.com.cn
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TS THE DR

fm(n} = f_1(n) + Ky _1(n — 1)
In(n) = Kp frn s (n) + g 1 (n — 1)
FHRE S mem+1, FEHPR2 ZHR 5, ATITWMRIREHE P, 7 HH
BHED.
3.1.5 Pisarenko &9k
FEMMEEREFH p P EIFHTE

b4
y(n) = A,;sin2rfin +8,) + v(n) (3.1.52)

=1

A 6; BEE [—m, n] YR AL, v(n) HIMER AR, HEER 0, FE
# a2,
p TMEER R RIS E TR

L+ az 4+ a2p_1z—(2p—1) + 272 =0 (3.1.53}

B{]*Ezzeijz'ﬂfi’ '1-:1,2,--- ,p&ﬁ, ﬁqﬂ' ai=a'2p—i1 ?;:[']’1’... ,pu
ﬁﬁrﬁjﬁ a = [3153'21' v :azp]T Eh

Ra=cla (3.1.54)
WiE, RF
(R,(0)  Ry(-1) - Ry(-2p) |
R, =E{y(n)y"(n)} = Ry_(l) Ry_m} Ry(_?p *b (3.1.55)
RGp B -1 - RO

R R {y(n)} MG — ARMA(2p, 2p) #UFEBRL R, Bl REEIE
Yule-Walker 518, % AR %, a2, - ,05,.

3.1.6 # R Prony 'ﬁ}"ﬁ
EEERE RS

P
#n) = bzf, n=0---,N-1 (3.1.56)
i=1
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HILfFT =(n).
¥ % 3.1.6 ¥ E Prony HE:
FR 1 HHAERE

N—1
r(5,5) = Y z(n—j)a*(n—14), 4ji=0,1,---,p
R=p
il E R
(~(L,0) r(1,1) - r(Lp,)]
r(2,0} r(2,1) --- r(2,p.)
R,=| . , : . 1> Pe®p

_?"(pe,o) Ttpml) r(pe?pe)

ah

B2 i SVD-TLS Hikhw HE R, ANH p AR 0,00,

ER R
FW3 RIFIEL T

AR =1+az '+ 4+a,z7?=0

IR 2,23, -+ .2, FIHTHE

»
#ny=—> adn—i), n=01- ,N~1
=1

HA #(0) = 2(0).
SW4 RBEGHE b={b,bs, - b)) WEP_RE

b= (2Z"2)"' 23

:_ftEF' E = [i'(ﬂ),f:(l), rﬁ(N - 1)]T’ E-

1 1 1
7 Zy 2y Zp
N=1 N1 N1
L*1 2 Zp
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Fm5 FATTHEE A, 6. BR [, MERET o

h'

A = by
@, = arctanfIm(d,) /Re(b,)]/ (2mAl)

a; = ln |z,| /At (
7, = arctan{tm(z,) /Re(z,)]/ (2rAt)

3.1.7 EIfES4E
fif IR p MRS 51(n), 52(n), -+, 5,(n).

x . (n)

. o - e ——l—————

1 d 2 3 4 m
F 311 BEKESRIHES s.(n)

ESWHBEAT A (M) 0; SESEEHBETHBLE o, ZRIFEXR

w; = 271‘% sin &, (3.1.57)

A A NESHER, d B MHEMEC EER, BE R R d<)/2,
L. PR T A i
BIE m B LRERRBRAR o(n) = [z(n),22(n),- -, 2, ()], B3
—RHEEREF w = w0y, w7, FERBHIEES, MELRMIFRES.
B B BRHEN . (F AR RRRE N IR RE R e T B/, BT

1w 1
min - >tz = min v 3wtz n)? (3.1.58)

n=1 n=1

BF b TMEF s (0) AWERFS, FEHBRISHEL

wla(w,) =1 (WEFEREREMD (3.1.59)
wla(w) =0, w, #w, (FEIBREMLE (3.1.60)
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N RTE AR RRBUHERE S o (n), TIHELFERMATHRES, EAERBR
RSB RN
E{lzm)]*} = E{ls(n)*} + o |w]? (3.1.61)

2. Capon B /NFETTHASRL (MVDR) 3 =B R &%

W, = Rx_zla(wk)
oPt ﬂH(Wk)R;;ﬂ(Wk)

(3.1.62)

3. ZSE)

Capon E X
1

we) By alwy)

Foapon W) = — ( (3.1.63)

KHEWG SR, FZAZME, XREY, HESEEMNEN w,w, - ,w, FH p
MESHZ RS BosIrr) it

3.1.8 ESFTESREFZHE

}ﬂﬂﬂﬁﬁﬁ]ﬁ m(n) = [:L‘] (n),xz(n), &y (ﬂ')]T H{M’E%ﬁl& Rxx = E{m(n)mH(n)
BV EE S
R, =UZUH (3.1.64)

EEI:F' ¥ =diag{af,cr§,--- ?U‘?n)'
1. F23[E
FEFRE 2,2, 2, € O™ (m BEHEBEN), X ERBHFESEE

‘%E@ﬁ%ﬁﬁﬂi ﬁ]gﬁﬁ {3713332:"' 1mp} %ﬂ%?%ﬁﬂ, ﬁﬁrﬂs {:131,332,'“ :mp}
BRI, A

P
span{z,, @y, -+ ,2,} = close{@,,@3,--- ,@,} = {Z Bix;: B; € C} (3.1.65)

i=1

2. M=, FETFEME, BETFER
AR E R z(n) BIHCIERE R, BTG5 83K AL Ag F 2 [IFR o 22 1],
H
MR =W = (FSF =N+ GE 735 (3.1.66)

Hep, RS FEAGFEER U 5B ERR AR R, RAETFEREGR
BTG 3 B KA.
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B TBEME U A SE M EIERR, LU R M &
FrSkmBIE S T2 ETERIERZ. BXAELLE, R (3.1.66) FFRaRElE
] By 43— F S AL Y IE 32 2.

3. (ES T SRE T2 R LT
42U =[8{G], B4 § M G 4P mBEAFHAFES TEHNRETEM, [

GGH=1-88-1-P, (3.1.67)

SR EFEETRAES TERMNEZER.
3.1.9 SEE24H% (MUSIC)

1. Z5[E] i (MUSIC #)
R S (]

1
T e (w)GG a{w)
_ 1
h all{e)N (T - SSH)a(w)

T2 () P A Y 8 o0 S BRI A, 3 (3.1.68) AR (3.1.69) 4B 4k
ETEAFEMESFER R, X EETETRORE, REtHEREL/
ARETE.

2. Hx 317 piegEfy MUSIC 836

PR HERAREMXEN R, PSEEME, BRI FSMEE N, A, A,

FIRERIENE o2, H-IFEEIFIERE 5,05, , 9.
¥ 2 HHEMGER MUSIC 3%

Plw)

(3.1.68)

(3.1.69)

Plw) = “h (z:?g}ﬁfi(wi) (3.1.70)
HF w, = (i — DAw, F# Aw TE4E 27-0.001 &; H

. r A

=02 ; = —k_,\,c)ﬂ s, sl (3.1.71)

FH3 WH Pw) BED o § LH p MEE, EfTREFRE MUSIC 2844

i-l-ﬁ wl!wﬂi... }wpa
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3. MUSIC E. 305 i1 08

(1) ¥HE R B fhiHRE (5, — 8,) HWE GIT AR N) BEaMs A, B
HEFTF,

(2) MUSIC B¥EHRE (&, —w,) AHERSHEHE, HHESETE

(3) HEH r(w) = a(w)Ua(w) WELEMEME r(w,) #£0, i =1,2,-- ,p, WIEX
(3.1.68) B (3.1.70) B R LB BEMIHE &1, @, - - &, REHFIRHNTA.

4. 3RAR MUSIC Fik

R MUSIC £

p(z) = 2L pT " DGGEEp(2) (3.1.72)

A plz)=[l2 -, 2"
RIBETA ple) BIR, BIA[HEBEIEH WG

6, = arccos [Elaarg(ém]] , m=1L1,2 --p (3.1.73)
FAR MUSIC JFisul SN R ZMAME, Bitfs MUSIC S2¥Mirey—F
Hik.
‘ 3.1.10 jEEREHA (ESPRIT)
EHAREFE p MBRES
‘ z{n) = zp:.s,g(n)ej i 4 w(n) (3.1.74)
i=1

A s;(n) ol w; € (—m,npB NS ¢ MERESHEENEE; win) B—FHHE,
‘ HER o HEERNERALE.

& X
a(wk) = [lze_jwka“' ’e—jwk(m—l)]'l‘ (3175)
A = la(w,), alwy), -+ ,alwy)] (3.1.76)
‘ z(n) = [z,(n), 25(n), -+, 2, (W] (3.1.77)
yl:ﬂ) = [1'51 ('ﬂ + 1): x?(n + 1): Tt rﬂzm(n + 1)]T (3178)

ny

R, = E{z(n)z"(n)} = APAY + o1 (3.1.79)
R,, =E{z(n)y"(n)} = AP A" +0°Z (3.1.80)
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A
P = E{s(n)s¥(n)} (3.1.81)
o o
1 0
Z = . (3.1.82)
0 1 0
& = diag(e’“r, ez, ... o) (3.1.83)

Uk, FE8% w,w,, - w, BETERT FESERE & S5,
#3318 HA& ESPRIT 83k 1 (34
FR1 RMNEGESE 2(1),2(2), -, (N) HHEXEY R, (0), R, (1),---,
m).
TR 2 B ERERREE m x m GHERER R, = [RLG -0,
Homxm BMXEERE R, = [R5, (7 — i+ 1],

YHR3 KRR, WIFIEELR. MF mo>p, BRPBTEEIBRE I E LK
fhit.

%4 HH P HHAC,, =R, -2 I W C,, = R,, —0*Z,

FHS KEREK {C,,,C,, } B URIEHE %, BT RN B8 p A
SFHEE €%,i=1,2,--- ,p, 'EITEES HERmERh

R

za

A (wA
8, = g BTCSID (271' ) {3.1.84)

B .

H A ESPRIT HE &K LR—HMESSEMAITH R Ry E, ERBEER
AN_FRITHEE, M ESPRIT S¥AhiH40 % BOH 0 B3R5,

#i: 319 BikE/N_F (TLS)-ESPRIT M3 (50

F¥B 1 FHEFE ESPRIT #i% | S H 1~ | 4 BIEE C,, Al Coype

F®2 REMEC,, =UZV" HERASR, BEHERR HEMES p 4
FHEREMYY U, M1V,

$%3 HHEUIC, V..

P4 OREREN (X, UTC,, V) B UEIEES %, BRI BT %
FHEE, ENEES SR REEENL R (3.1.57) MERBEF M.

THEEMRA ESPRIT 8#E8 5 —#ERE.
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F i 3.1.10 2 ESPRIT Ey: 2
PR 1 HHBEAh FEERE R, WISITEME R, =UZUY,
T2 EEFEU SR, 8 p M ERFEENNERAHER U,.

SR 3 W U, BRI m ~ 1 [TARMERE O, B m — | FFEIRERE O, 3
B 2 = (U10,) 000, e AR, FHEES & AIEENR, % o=
1,2, -, p), EATREETHE 2,6 =12, -,p).

PB4 BAAR (157 REE A 6,i=12, -,

3.1.11 & ESPRIT
EHE m x N QBB
X = [2(1),2(2),-- ,2(N)] (3.1.85)
K 2(t) = [2,(), 528, -+, 20 (T R m A BESTHTRRE SR BRI SR 7
TE M SRR

o, = . € Rpmxm (3.1.86)

1 0

TR FREREE T ESPRIT JrikthEFREWIEA.
HREFE M PR FLE A BRERE, #

H M I, =M (3.1.87)

R Y H)F
B R AN BB AR X My o O LSRR B R

M=[X, O _X"I,|ccmN (3.1.88)
X S S R B R IS e, BT LA A A S R

T(M) = QLIX, B, X*"Hy|Q.n (3.1.89)
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Xy
X=|gT (3.1.90)
X,

(3.1.91)

KA

B
Qonyr = 7 o 2 o7 (3.1.92)
Oy 0 —jIy

E. BTFEE X, 1 X, REHERMER. FENASEERE X 87800/
¥, NiTAE o AR (3.1.91) .

¥4 3.1.11 ¥ ESPRIT H3¥:

£ m P EETRIMEHEE ©, (1), 2,(8), - ,2,,(8), t=1,2,--- N,

T 1 PIAX (3.1.85) Wik m x N BANFIRERE X,

FH 2 AR (3.1.91) MMM EARERE X #HTaH, HEETERS

Re(X, + HX3) -Im(X, - HX%)
T(M) = v2Re(gT) —+v2Im(g7T)
Im(X, + X} Re(X,-HIX%)

€ RmX2N (3.1.93)

i Re(A) #1 Im(A) FFEREEE A B ER.

TR 3 HHHEEKE TWM) HERESMR TM) =UZVT, BER TS RHE
AN p (HRED.

FH 4 HESRGTOEILVEXTERER M = (Q,.U)Z(VIQL,), MX—%
RESBBERBIERE M WESRER Uy = Q,,U. 5K U,y B8 p NER T
MR U, BEFERHEE LS REE M #ES TN,

$W 5 XARE U, HEM A4 ESPRIT Bk 2 M58 3 M5 4, B8
¥ DOA {53,
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3.2 3 ]

B 3.1 2 {z(t)) M {y(t)} B2 TAED BTN RE:

z(t) —az(t — 1) =w(t), {w(®)} ~N(O,0%)
y(t) —ay(t —1) = o(t) +ult),  {u(®)} ~N(0,0%)

A ol <1, H {w()} fi1 {u(t)} FHHX. K {y)} KR,

B2 BHEMARGS {a)} B—1FHENEBNE RS, HIEREY P.(f) =
No, ELEGHE £ 50 80 Y

et t20
R(t) =
{fL Atk

K w(t) = z(t) = hit) P EE R ITERIL.
# 3.3 CH—LEEENFEREH TR

H(f) = Ke™ 12T 9 =1/c

A r NEVEEE, c YA, XEM{EIEFR N TWH{SHE (nondispersive chanmnel),
BEBREEZHESH

z(t) = Acos(2nf i+ ¢)

A ¢ B—7E [-m,n] AN HBTHIHLER. € y(O) BRESMES () 23 THE
fFERE, AEUBLFERHES. BnFERBRE (), RHENTF. O
R No, FFEHIMEMRE n(t) SRAES o) ML, REWHERES v()
HZhEE P, (f) BRERES SEREES ZMB TLHFEE P, (f).

3.4 —HEHLE SRR EFEY

_ 1.25 + cosw
T 1.0625 + 0.5cosw

EHX— s REEFRBRA PO REND RA ARG RER R, B/ iR
S H(z) B IR, RERERS H(2).

P(w)

PDF 1 "4 "pdffactory Pro" $#%& =  ww.fineprint.com.cn



http://www.fineprint.com.cn

112 3 & WA

3.5 —HENLES x(n) MRS w #rR B,

w?+4
w2 41

FHE T o(n) WHBRHE R, BUMIIRA H(2) Sa i) Ry 5 E %R %
H, HAERREL.
B 3.6 BHERE T AR R dy 24 R

P{w) =

z(n) = a;x(n — 1) + ayz(n — 2) + win)

Wi, N win) B—FHE. FEh ol HAWHE, IEH «(n) KN

ol

B R =17 a? ¥ a2 — 2a, (1 — qucos(znf) — 2a, cos(47f)

M 3.7 RSP Rl
z(n) = wn) + byw(n — 1) + byw(n — 2), {w(n)} ~ N(0,o?)

EX, RFN@O,0%) FRIEEDH, HHERO0, FER o2 K z(n) HIhIKGE,
B 3.8 CAREVLIE (v(t))} 22— MAQQ) IR, KEHHA N
y(t) = w(t) + L5w(t — 1) ~ w(t —2)
AF {w®)} B—HEH 0. 7% o2 = | HEHTEBRAETR, Kk () B —SH
MA A,

H3.9 %2002 FHEARDEVIE HAHXEEHM=ETEN R0) =
2,R,(1) =0 R,(2) = -1, TEXWHFRT, RAIIGEHEH—F ARMAQ,1) B8R i
HEIG?

H3.10 $o0<a<1fo<b<]l, BEM=4 MA R
#1(n) = e(n) — (a +ble(n — 1) + abe(n — 2)

v2(n) = e(n) — (a + ble{n + 1) + abe(n + 2)
ya(n) = —ae(n + 1} + (1 + abje(n) — be(n — 1}

HRIER R/ MR R, B RERES ML RS 2
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8 3.11 —PEoMERAEL Y
p(n) = o(m) + 2(n 1), n=1,2, -
4 z(n) BENEWEER 1/(1 + 52), RESIEEFHH y(n) BIThEERE .
M 3.12 —HEAES T RE TS H:
y(n) = %[&:{n _D4em +on+l)], n=1,2-

# z(n) ARIEEEN P.(), K yln) BTIREFE,

Hi3.13 (1) —EBANRKWED 3.13 () iR, HFHWAES zin) BTIRE
WHEH P, BA P() MIFRFEFREE H,(f), H(f) REBRFKHH y(n) B3
R,

z(n) — Hi(f) HH(f) T ww)

(a)

(
xtn)iéi Hy(f) Jn) Ho(f) v y(n)
Ha(f)

(b)
FIEE 3.13 RKRIERK (a) FRIBARIERR (b)

(2) ZIBEE 3.13 (b) IRy RE, BA o(n) NREEENTRE
R RM H, (f), Hy(f), Ha(f) TR y(n) W RIEHE.

B 3.14 —EFHILIERRY

2(tY = R(t) cos(2mf t + &(¢))
= z,(t) cos(2nf.t) — z,(t) sin(2nf .t}

R z,(t) = R(t)cos ¢{t) f z,(t) = R(t) singlt) FFIHRH =(t) BIEHSBMIESR S
B, ZE R HEARE, HAEWHES () RS, BF

R(t) = /wi(t) + z3(t)
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i
$(t) = arctan[z, (1) /2. ()]

AR ESWAL. REEFESHITRIES, EXTE

2(t) = [zc(1), 25 (1), 2. + 7), 2 (¢ + 7)]T

(1) 8T
R0 0 R() R~
T _ 0 Rm (D) Rcs (T) RS{T)
E{ﬂ:(\t)m (t)} - RC(T) Rcs (-r) Rz (0) 0
Rcs(_T) RS(T} 0 Rx (U)
PV

R,(0) = R,(0} = R,(0)
R.(r) = B{a({t)z.(¢ — 7)}
R(r) = B{z,(t)=,{t - 7}
Res(m) = E{wc(t)es(t — 1)}

@) % 2(t) RSB TABHLRE, AN 60 BE 0,27 WESHH
WL B 1
—, DRo&2
f@x{% oSz

0, Fft
HER %% R(t) BORERE B R ¥R M T H Y Rayleigh 437

RO [ BE
F(R)) = { R{0) p{ 2Rz((})1’ R(t) 20
0. it

B3.15 —HERBARE (h(n)} MR L 2R E

Ty a0
> RHn) 095y RA(n)

n=0 n=0

BB, MRAX—E CRELK

z(n) +0.8z(n — 1) = e(n)
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HERECE 8

B 3.16 FEERNXEHOTEECANEIEF z(n),n=01,--- N-1F
AR ERKERS
bo +bz7l - + bz ¢
l+az7l+.--+@,z77
BRI AL, & EAEIRFS {z(n)} = {1,-2,3,-4.5} I p=2 M ¢ =2 WHER
LR G M BRI, R a, a0 § by, by, s,

B 3.7 —FHE MAQ) SRHE TE SR,

H(z) =

b4 B 4 =3
b[]bl +61b2 = 2
bobzzl

HoR MA % by, b, H1 b,.
B5 3.18 B ARMA(p, ¢) STREMBEE Yule Walker 772 %

L+ a Rk —1) + - + a,R(k — p} = c(k)

A+

q

c(k) = b(i)hi — k)

=0
M h(k) B ARMA i3RBH e 28, 4

_B(z) bg+bz 4+ b2
O A(z2) T L+az=t+-+a,z7P

H(z)

RFHER ARMA A REM B EE. WHEM, MA B8 LOE R
C(2)A(z™") = B(z)B(z™")

&A=, KA
CR)=c@ +ec(l)z7 - Felg)z ¥+ -

FHEM—FER ARMA(2,2) HREH—H RS MBI RS
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PR, FECHMEHEXEE R(0) =3, R(1) =2 M R(2) =1, RERKLH H(2)
R ERIEA.

3.19 ARMA &#if) Prony FEEVHUTEARZFZENEMZ L. ¥
THFH 2(n),n =0,1,--- N — 1 B ARMA(p,q) ARRE BT, Tk 8w
WL Prony HiESMHEME, HFENFABFA {«(n)} = {1,-2,3,-4,5} fp=2
Mg =2 FEARARFA RO EER, 3K z(n) A{FSRAL

3.20 BEEFE LK

1
Pm(rm) :iE{lefn—l(ﬂ’) + TmeEn—l(n - l)|2+

e 1 (= 1) +ep_; (n — 1)*}

(1) ER- Illin[Pm(rm)k
(2) EEH

N
—2 Z e (W)emm_i(n—1)
n—m-}1

rm: N y m:]-uz:"'

Z [lefars R + leb_1(n — 1))

n=m1

(3) IEH |r, | K1 X m =1,2,--- fERLIL.
3.21 FRMERIGH Tk

H(z)=14+052"1 -0.1z"2 - 05272

S AR AR ey A B2,

B 3.22 —EFSEATFREFFEEER 0,12, FAPEXEFRFHIER
gl

PO =5, =3 2=

BRESTFH ¢ ELA T ARG EREZS, Wb mEE 3.22 TR,

4= [ﬂ’lsmm%]ay = [39'1:?}2] Mz = [zlazﬂa za] fﬁ‘%’]ﬁl‘ﬁmﬁﬂﬁ. *%:EE
Ha; y), I(z; z) F H(x), H(y), H(z).
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1 T z\lx) z
0,5 plylr) ¥ g 0o 1 plzlz) 2,
{ i

1 = 1
1 3 2 )
1e 1 1e .l
i
2 2 1
2 3 2e 2 .

EE 3.22 FRELAAMEOER R 5

M 3.23 FHB M L5 Pisarenko MR TR 0. SBF
FREMBERRT 1|, TRERBREFZANER V, B9g— 75 mBHCRBHHE
7

M . 2AF ‘
Y ek =N yeivk =0, 1€i<M (B 3.23.1)
k=0 =0

4P = Voo BR V, HFIRBHAFBALEASG. FriFFEL HREARE
P = [Dy: Py, o Papr]” WTCRHERE MK p(2) ZORA 2M By, B

p2)=Py+Prz+ -+ Papgz™,  Poy #0

F&, I—2TAEHER (8 3.23.1). XVWRE, FragERMEYTTHEMRX 5(z)
ﬁfﬂ‘iﬁztﬂé 2M SR, REFHEHAERBNR o HEFKHS: 5 = 1 M
Zjﬁﬁ = min,
k=1

(1) 4 oT BEREV, WE7, 1V B V, SEHMEFraTHERERE. &
p ZWH pBRE—ITRUSMIEASCEAERER, HIiEH

& = arg min vTva
MR
vTa=1
(2) #Fl Lagrange J& 75Uk B 29 s AL I EE RS

o= (VITv)-ly
vT(VIV)-1p
_VvVTv) iy
pT(VTIV)-y
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& 3.24 BN

1, n=0,1,---,N =2
z(n) =
o e

BAEE R Prony Frik¥t z(n) BHL, 8 «(n) BHAE MRAM A2 EHLERE
R He) (R, REREEETER ) WRER, HEH
N =21 BHHY H(2),

& 3.256 EA—WREEAIE z=[10,0% - V]I, HP ol <1, BERH
Prony i &SR, HHIBMEEREBRE

bo
I4+a,z71

REE o, M by, HEFH Hz) MEKEA,
B 3.26 L EERLTHH b

H(z) =

y(k) = aTx(k)

®i, A
a = lag, Gy, 18,7
x(k) = [z(k),z(k - 1), - ,z(k ~ n)]T

&

R, ¥ B{ezT} = QEQ"
A

% = diag(hg, Ay 5 A,)
MRS A {y(k)} Y

T, = 3B ()

WERH:

(1) &M a"a =1 WART, 8 7, BMLFHT

1o~ o
=0
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K/ E, He

SuP=l A w = g u]T
=0
Hw=Q"a.
(2) FR w = [1,0,---,0]T, W J, BMbHBREAE a = ap, HF 0, BE
B R, X FRB/MEEE ), WIEERA.

327 M EEALEFPN—1TBS L8 (CDMA) £24, E3t% K 18
P.HES, AP LAER P, —BEBRKETE KR P RS R{ES, ik
S EERERE T8

.
y(n) = ye(n) = hyw, (n) + Hw(n) + v(n)
k=1

A w (n) RGP RS RS, CRBENF SRR, H h RUERS
WHSEREME, CREMN; T H f win) 4500054 B8P (§H T4
P BIAFEBUR B A A E R F O AR o B, B 1538 8 DO R AT v 7
RE, ETRESBRXHERETER, FENY

(1) Bt —R AT RN F, G BT s
iy (n) = £ y(n)

REMS W I AR A 1
th'l =1

BIRIES, 5 wn) ZFMHIFREDR/D. RBADFTEBUL f BFRER.
(2) FHE A PSS ERE R by, K

ky=Cg,
AH
[ (0 - 0
¢, = - CIFU)
e (P—-1) ---
| 0 oe(P 1)
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(0}
0

g1(L)

X € (0),¢,(1),+- ¢ (P — 1) REBER MY BHG, a0 RES I LIEBBE
f&%, KB —B/IFELHE (MVDR) BHRERS g, FHFHEHE T RERR
(CYR,C,,CHC,) 5B/ MBI N | AT &,

& 3.28 CH—FWRAEAILAER FFFIR B AR B RE AT MBI

=

T

_loy L] _1 oy AT

3 0 -2 V2 V2 [° 0 0L V2 V2
R=|0 3 ofl=|0 -1 o flosol|o -1 o
-2 03 1 oo | L o _L

ikl MUSIC J7:A1KAR MUSIC FiE# € ZREH w.

BE 3.20 AZEEREVES R o(n) HEHAXEE R, = E{z(n)z"(n)} B4
R4 %
R=UDUH

HHP U =(8,G], #H S BHFIHKE x(n) KA T-2206. B, 7R T2 EE Y
BTFE—R R 2, e btk it h

def 1 _ 1

|aHw)d)?  eB(w)ddMa(w)

Lk d RAR/MEY, FHREAXEST |, WEEFSHERSRE) X
i Pyn(w) BIEERTMIVE o BRE, X—OrEF AR/ EEE, 2 Kumaresan 5
Tufts $#iHag Y, R E 4 GRAR,

MN
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3.3 2 M % X

B3l i (=0} HThERE, B

0.2

Pw) = ——
£ 11—z 2, .

B oy(t) RERE K
yi—1)—ayt—1l-r)=2(t—7)+ult—1)
FEH

E{[y(t) —ay(t - D]yt — 7) — oyt — 1 - 1))}
=E{[z(t) + u(®)][z(t — 7) + u(t - 7)]}

ERE {w(t)} W {u(t)} X, B {2(t)} 5 {u(t)} ©AHEX, BFLAE,

8
E{y{t)y{t — 1)} — oBE{y(t - Dyt — 1)}~
aE{y(t)y(t — 1 - 1)} + *E{y(t - Lyt - 1-7)}
=E{x()z(t — 1)} + E{u(t)u(t — 7)}
Bp

(1+ az)Ry(T) —a[R,(r— 1)+ R (r+1)] =R, (7} + a28{t)
EAF LR e dr S5, BES, WFE
(1 4+ a®)P,(w) — afe™d” + )Py (w) = Pr(w) + o*

NiE

1
1+ a2 - 2acosw

1 o? 9
= - 3.1.1
1+ a? — 2ccosw (|1—0:e"1“‘|2 +o ) (& )

TE: y() MTEREHRA (8 3.1.1) .

Py(w) = (P (w) + 0%)
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3.2 hEH, REMIFRER

H(f) = j h(t)e 2 e = J:o o-tp—i27fL gy

-

- J":’ emt1+52v0 gy — +j12nf
)R
HOP = HOH(-) = (g T2
BT R S AR, RACSRERZ MNEE, B
BN = HNDP P = g

B M T O = BN THRIR R Fourier AR, &

¢, = [ P(pernay

— = N{' i2nfr
" Jiee 1+47t2f2€32 fraf
_ No ir
~ 3
A8 C, (0) = Np/2.
TE: HUGSHThEREN
N,
P = v gmp

i Z R ECH
Cylr) = %e—lfl

M 3.3 EECREESORFHAER T, BRESTUSE

y(t) = () x h(t) + n(t)
- J"_"; h{t - De(P)dr + nld) (R 3.3.1a)

def

= £;(£) + n(t) (& 3.3.1b)
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Az, () =2(t) «ht). gz (F 3.3.1a), TRHBWESHHEY

E{y(t)} = E {fj; hit — T):t:(:")d‘r} + E{n(f)}
:Jj;h&—rﬂﬁmﬁﬂdr+0

=04+0=0

BEMATER E{z(t)} = E{Acos(2nf. + ¢)} = 0, Rt ¢ BIE [—x, 7] A HA
AR, BT () B—tFRHESTREIES. FHRE 2, () WIS

Pe,(f) = IH(NIPe(f)
= |Ke 3207 * p, ()

= K*F,(f) (% 3.3.2)
BRI TR ERET, R
R,(r) = %2- cos(2mf,7) = C, (r) (5 3.3.3a)
Pif) = [ Cmeittrar
= A6+ £+ 80 - 1) (B8 3.3.30)

i (B 3.3.3b) AR (& 3.3.2), 8

KA psts + £+ 507 - 1) 334

P (f} =

HFRIHES () SME®RA i) B2, N @) 5§ »@) B, &h
(F 3.3.1b) 5F

Cylr) = Gy, (T) + Cr(r)
Wi3{E Fourier Z#, FHAAR (K5 3.3.4), HI@

Py () = P () + P (f)

2 42
= SR + L)+ 807~ £+ o (8 3.3.5)
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BT REDIRE P,, (), RIE G 5 5t T B Db 1Y
Wy = [ H(pe™ay

_—

ol
_ I Kei2nfrogl2nfty s
-0

= K&(t — 7,) (XX 3.3.6)
T, B (W 3.3.1a) FJLOREEREFT SR SHEAEXEHR

R, (7) = E{z(t + )y(1)}

-F {:c(t +17) f; h(t — u):c(u]du}

= (7 At - wB{z(t+ ew)du
=" Rt — )R, (t + 7 — u)du

[Y

= : KR, (' + r)dt (&E 3.3.7)
B T RIMES o(8) MR n(t) BEBHEY, ¥h (8 3.3.1a) 51, B
BT y(t) HRFHEN, F&, () M y(t) MEHF SRS LAXRHSH, B
Gzy('r) = Ra:y(T)-
¥R (8 3.3.7) AT #EEgE L, SIH

'l ) )
Coylr)e™ nfrdr
o0

Pmy(f)zu

= R,,y('r)e‘j 27T dr

of — 00

v 00 x> .
- f R{E)R, (¢ + r)e 3 20T drdr
=)

V—oo S —

REERE 7 =t +7 5, AT

& . . o) ) )
Pz‘y(f) - j h(t')e‘ 2nft de j RQ(TI)E_J InfT dr'

= H*([)P,{f) (& 3.3.8)
A H(f} & H(f) 98 %348,
s H(f) R (8 3.3.3b) —3MRAR (I 3.3.8), BIA[&EE
P (f) = Kf 2t [6(f + fo) + 6(F — £.)] (B 3.3.9)
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X BEYERES o) FZhREHX (B 3.3.5) B, MEAMES 0 5
BUWAES y(t) ZHEhREHK (8 3.3.9) 2.

3.4 BN, CHATHERTUANEE
(&% + 0.5)(e 3% + 0.5)

Plw) = (&% + 0.25)(e—3% + 0.25)
& z=élv, N
P = LR 0 .o

AT 2 ETATL AR L FIRHER,

Hy(s) = 2702

O

B =g

50 = i

ERXWFRERREF, AAFRERY 1,(2) BT, RALWELEEN, 2—1ME
R, BUMEfLRE.
EE: REER, BMELRS H(z) K

z+4 0.5

H(z) = o3

|35 HE HEENBREREN
_ (juw+2{—jw+2)

P = o Do+ D
EABAM w BT RS-
o122
Hyw) = j_]w w++21
Hyw) = ;Lw:lz
) = S5
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B{F Laplace HF s 51F
s+2
Hys) = s+1
. s+ 2
hs) = 75
—a+42
Hy(s) = g+1
-3+ 2
Hio) = —s+1

X HFBERD, Hi(s) BAFH s= -2 RE s = ~1, £/ - TEMER,

Hz) MER 2= =e* =e 2 Al z =¥ =¢* = £ ELUMA, B—

AER. B/MIVRS. HA=HRESATERTRE RGN/ EOM.
R FROBAR. BBUEEKR

_fjw+2)
T w41}

H{w)

2.

H 3.6 B AR ABHHEBEARN

&

|1~ a,e=i27 — a e-i4nf|?

P (f)=

(B} 3.6.1)

A
|1 —ae i 151,215*3-4“’f|2
= (1 — a3 — a,e7347S) (1 - g, % - g,0347)
=1+al +a2 —ax(e” 1 V) 4 g,0,6 2 4 00,0792 -
ay (eI 4 &7t
=1+ a2 + a2 — 2a,(1 — a,) cos(2nf) — 2a, cos{4nf) (i 3.6.2)

B (B 3.6.2) AN (8 3.6.1), JLERfS

7%

1+ 0f + a2 — 20,(1 — a,) cos{2nf) — 2a, cos(4nf)

Px(f)=

ERLSER T A AT
3.7 mESTHARNIRIEE X, B

P,(f) = 2 )1 + ble—.i?‘.'tf + bge—iilﬂf lz (& 3.7.1)
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-
B AT | FIR RS £2 R
Hiz) = -;—z+ % + %z'l

FR, Wi yn) BENEE N
P,(5) = [HDREL(S)
= |H(z)|2|z:ejzw P_(f)
= 5197 14 eI P )
= 5 I+ 2cos2rf)P PL(F)
R yln) BRI TR
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RALGHEREEY H() = H (VH,(1). EH, S yin) OSSR
P,() = H(DPP,(F) = I (NP1 H ()P, (f)

(2) AR 3.13 (b), LG H 2(n) MBS 2(n) 5 Hy(2) Fym sy
ho(n) BIBTH, BI%T 2(n) * hy(n), BT 2(n) BFFA z(n) — 2(n) x hy(n) WHES
Hy(z) A, #OTUBSHE RS H,(2) HRARHER
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{E Fourier L#H 5, 8
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ATTH Hy(HX(f)
20 = T, (P HG)
B BEE T, W \ \

R AGAG
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KB 3.16 01 RGEMMIMMELICHE 2(n), BERER, h¥RAHEE 2L R
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wIvTivyile =1

. 1
A= VTV s (55 3.23.6)
AR (F 3.23.5) 1 (RE 3.23.6) Al
= ig;r—&;l (B 3.23.7)
(3) #30 (B 3.23.7) AR (& 3.23.2), HH
_VvTy)lp

P= VTV e (5% 3.23.8)

7 (8 3.23.7) i (BF 3.23.8) ERA BB/ RIEWHNF AR, IEE.
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l 3.24 HTRESIFT-MMEH—AFL, AHSHERRERS
_ B(z) b+ b2t

H{z) = i) = 1rar (& 3.24.1)
Prony JFiE#iE A
_r(D,U) r(0,1} --- r(U,p)_ 1] -ep-
L,0) r(1,1) .- r(1, L 0
'r(:) r(: ) | r(:p) a - (8 324.2)
r(p,0) r(p,1) --- r(p,p)| |a,] | &
A
N—
r(@,4) =D z(n-fz*(n—1i), i,j=0,1---,p (B 3.24.3)
=p
BT p=1, mR (8 3.24.2) M= (8 3.24.3), AT AEH]
a;r(1,1) = —r(1,0) (#l 3.24 4)
Hep
N-1
r(1,1) =Y #*n—1)=N -1 (B 3.24.5)
Nt
r{1,0)= Y z(n)r(n—1)=N -2 (B 3.24.6)
n=1
WA (B 3.24.5) MR ( 3.24.6) AR (55 3.24.4), NFH
a, = —:8:{3 = —i :f (5 3.24.7)
BIaE i ar e e H(2) 5824
Alz) =1- i — fz—l (R 3.24.8)

MR, zn) BUEAGFSHEANEESE HE) 8E, B zn) 2—4
ARMA(1,1) i$72:

z(n) + ayz{n ~ 1) = bye(n) + bye(n — 1) = b, (& 3.24.9)
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AH

emy=smy=4 "0 (B 3.24.10)
0, Hfth

TR, Hn=08, X (B32410) AHER 20)=by=1; MM n =10, WH
(1) + a,z{0) = bye{l) + b, e(0)

W)=z =1 K e(l)=0, e(0) = 1L LA LR, B

N-2 1
b=l 7
FHIE, ARSI mEh
1+—,1— -t
H(z) =~ —5= : (B 3.24.11)
1 - 7zt
N-1

HN=218/, EARHETEMAKER.

_ 1+00527"

TR BESEEEIHA (F 3.2411) B8, 4 N =21 B, ERENER
B (B 3.24.12) R,

B325 S5Ei3248K0, ATHRE =1, &F

a,r{l,1}) = —r(1,0) (8% 3.25.1)
EBERMPERE M BB BWRELE n=0,1,--- N MU, U
= . N Lo o
r(1,1) = fgi z(n - Dz*n-1) = ;} lz{n)|? = P (B 3.25.2)
N _ N
r(1,0) = Z r{n)r*(n—-1) = g%—:—i—z]%—-)— (RH 3.25.3)
n=1

W2 (BH 3.25.2) F1R; (3.25.3) AR (8K 3.25.1), WK

a1 — |a?™)
r(1,0) T i-|aP

S Rl v @324
1 — o
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N H AR(1) RE
z(n) + aye(n — 1) = bye{n)
4 n=0, N
z(0) + a,2(—1) = bye(1}
WA by = z(0) =1, B, WS EREHCH

1
1-az!

H(z) = (BR 3.25.5)

EE: o =-afb=1 FHEHEINEDREDR (F3.25.5) BE.
3.26 TH4 (1) M (2) BFHERTUEEA.

1) BEaEm J, BF S
I = %E{y?(k)} = %E{aTa: zTa}
= %aTE{:ca:T}a = %aTRza (FH 3.26.1)

BT R, =QXQT, Wi Q KEXEHE, HQQT=QTQ=1, %*H
J = %aTQEQTa (BE 3.26.2)
it
w = [wy,wy, - ,w,)T =QTa (X 3.26.3)
IR (B 3.26.3) AR (8 3.26.2), JI

1
J, = EwTSw
_ %ng;\i (81 3.26.4)
i=0
{Hé R (F 3.26.3) #
a=Quw (& 3.26.5)
PNIE

ata = wTQTQw = wlw

HAREMSF aTa=1 KA LR, BT wTw=1, i
Zn:wf =1
i—0
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(2) {# J, B/MEBIFE o B (3 3.26.5) 5, Bl a = Qw. £&

R.a=QXQ" Quw

= QXw (RH 3.26.6)
% w = [1101"' aﬂ]T BT.I': @5’%&
o]
0
Tw= | (&X 3.26.7)
| 0 ]
W (3 3.26.7) AR (B 3.266), B
2]
0
Ra=Q| | =+3Qw=)Xa (& 3.26.8)
0

LEARY, ik a RERK R, SH/MFEM A MERASERR. #4 a0 BX—1%F
iErE, W a=a,.
ROFERL SR T 25 23 BB S FE R .

& 3.27 (1) FRBWRYLSEERE rE%
Tuv (F) = E{jd, (0)?} = fUR, f (| 3.27.1)

A R, = E{y(n)y" (n)} RFEERGS RN AHLERE. T, B/ 2k
R AT A RIAHF A SR B (R (k. [ R R 4

f = arg minJyy = arg min f" R, f (K 3.27.2)

HREKNH Flh, =1,
FIH Lagrange 3T #:, i H RS

J=f"R,f+x1-f"n) (BH 3.27.3)
KT HMTF SR, HASERNE, NE

R,f —Ahy =0
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1
Fuv = AR, hy (B 3.27.4)

B (B8R 3.27.4) RALREE fh, =1, I8 F] Lagrange Fe¥
A= (hR;"h,)? (5 3.27.5)

Grer R (B 3.27.4) A=, (B0 3.27.5), SLRBFIR/ N FEBWIMNELAR S

R 'h,
Fav = W;;H_hq (% 3.27.6)
B /DA EREYW RS R (MOE) %
MOE(R,) = E{|[&,|*} = fivE{u(n)y" (n)} Fary
= fuv B, Fav
1
= (8 3.27.7)
(2) MAF 1 GRS e, Capon i MVDR R RBE R/ HAEE
Hy3EWCHL, Bp
— : = i ——1
h; = arg min[MOE(h,)]| = arg hllil(l}lll’l h]fRy_lh] (BB 3.27.8)
FEAR M E R %15
hip, =1 (F 3.27.9)
AR (K 3.27.9) AER (& 3.278) T, WH
H
g, =arg min —i (5 3.27.10)

ki=Co hll{R;lh1
B, WES h=Cg, WXNHFEHHFTE, max(g) = g;, Bk, & (H 3.27.10)
K

g = arg max _Bh arg max g"CiCig
Capon h:Clg hHR;]_h’ g QHC?R;,IClg

LB BTSN BETE AR/ M.

HpyeH -1
gC = arg fin g C‘1 Ry Clg
apon 2 QHC?CHQ

(&5 3.27.11)
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- B

(1) S/ FEEELH R (B 3.27.6) 4 H.

(2) TR (8 3.27.11) B2— P HBEH L Rayleigh M, T8I HEER
(CER;'C,,CTC,} M ST EE, HALRZiK, Capon By MVDR B RB AR
Gcapon MEEER {CIR,'Cy, CIC, )} ERU/NURIEERN IR A EM 1.

8i3.28 AMBEHMKMGHM BEFES R

gt =1
> B W P I AE 1) .-
VR
g=¢e;=1 0
b
V2
4
A7
p)
- V2 1 11"
ag = 0 _Ea 0, _ﬁ
1
L V2l
1 1-
3 03
=10 0 0
1 1
3 9 3]
(1) T H MUSIC 2=\ R = E 28 o
MUSIC Z={a] a4
1
Pyysielw) = 2 (ggPalw)
AR
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MAHBE, % w=+T 6, KR

a(w) = |£j
-1
M, MUSIC 258y 4 5
- 11
3 03 1
a(wiggia =[t, Fj, —1] (o 0 of [xj|=0
1 1| 1—1
3 U 3]
Eﬁ,hw$cﬁﬁﬁﬁﬁﬁmﬁﬁﬁ§ﬁ%w=i;

(2) & AR MUSIC FEmE R SH
4

p=[l22%"

L

gk MUSIC £mR

p(z) = 222pgg p = 1 + 222 + 24
HARY 2= el = £, Blw=2g.
-‘ﬁ?: i MUSIC 2= |ai¥fRAR MUSIC FrERBIZEMSEMFE, ¥y
w=+t—=
2
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3.20 M d A

|d)|* = d*d (B 3.29.1)
HEHEEU =[S, GIMNEMRR, BERTER G MERBEERK
P = GG, G GH = GGH (JH 3.29.2)

MR &, MR d DR TR A
(1) d BA O THRAETFZM, XERE d FFURRR d ERETZEE LHRE,
B
d=P

(2) d HBE—PERHFET 1, IERF

noised (@ 3'29*3)

dle, =1 (R 3.29.4)

ﬂq:' € = [1:0: sO]T-
MR A (B 3.29.2) f (HF 3.29.3) 215

dHel = (Pnoised)Hel
= (GGHd) e,
= dieGle,
H EARARK (F 3.20.4), EDE LR ARRMFFHERE

d"aGte, =1 (B 3.20.5)

LRE—, BE MR d RIS RAF AR RILEE. E& (BF 3.295) &
HI9RTF, {ER (B 3.29.1) MMEER/DE. 4 1 Lagrange |7, TTH#HAT R

J = d%d + p(1 — d'GGe)) (B 3.29.6)
RS o7
5 —d- uGGle, =0
1%
d = uGGle, (B 3.29.7)
IHEM G ESH

_ [9?]
Gi
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%3 HAWET

MieE = (FF 3.29.7) MR FHR (F 3.20.4) 15
dfle, = pGGYe,
_, | giGi| 1
G GlGi-I 0
= pgig,
=1

L] .
=

B 95191
A—FHE, BiE G BFHREH

GHel = [911 G?] [(1]] =

¥ (B 3.29.8) F (BF 3.20.9) RAR (F 3.20.7), M

1

d= G
9?91 9
A
H
Gg, = [91 91]
Gig;

¥ EXRAR (B 3.29.10), &

1
d=
|:G191/{9¥91 )}
HE: BEZESE w B/ NEREIERY

1
d=
[G191f{9¥91)]
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$4E BHiENEHKSE

FEHEO AR BERGRA TR EBNEN, AU TILERREGE
e d¥:

E-SREL =4 SN N o 8

o BT R/MYFREHENH Wiener 18I #F;

o BT RTZMEY B Kalman HiERN 184S

o B/ RE (LMS) HIENIEHAE,

o BER/N R (RLS) BEN IR,

o A FREHET LMS 88 A& sRiE 4%,

o BAIEAPREME LS 5 555 RRiH a8,

H i RIS P AR By S AU B B4

» BIERELRINER AR 5 B AE

o XSRS AR

4.1 EREwSFHE

EEWNGS
y(t) = s(t) + n(d), —00 < < 00 (4.1.1)

A, s(t) HEXBEIES: n(t) AFHENIETRRA, FHgEHES B2
ME R ORBIRIE (8) FRBUE S s() WGP E.

4.1.1 [TEgRE =S
1. VCRCHE i A fE
VERCOE I RIE R R #it—iE k88 H(w) B8N

%mzjiﬂmm—ﬂm=%m+%m (4.1.2)

RBIERREER, R h() BIBWE H(w) WRY, H
sdﬂ:jiﬁhm@—ﬂ& (4.1.3)

1 "4 "pdffactory Pro" $#%& =  ww.fineprint.com.cn



http://www.fineprint.com.cn

PDF

158

BiEEzies

nolt) = j:o n(r)h(t — r)dr

2. 5k
TIRKRFTER 1) R

N

1 [Sw)?
S5q j_m P (w)

HXPBRESHRTR

Hupt(w) = _SPE:(::? E_j «To

KE Sw) BIET s(t) BB, S(—w) = 5*(w).
3. PLRCIE{ 35Tt
LIEENER n(t) HERER, AR RNEREY

Hy(w) = 8{—w)e T

(Ey@gmﬁﬁtﬁmwmmWE%mﬁi s2(Ty)
4y tH MR PR [ TP T R E{n3(?)}

(4.1.4)

(4.1.5)

(4.1.6)

(4.1.7)

(4.1.8)

AR [Ho(w)| = |5*(w)| = {S(w)|, BIUBHasESHiReEm “mid”, ¥z

FULACIE R 4%,
4. " X VLRCHE AR R

LBEERRFE n(t) o7 @R, EHH SR ROCE R I AP R R A

#*,

Hopt(w) = W{w)Hy(w)

(4.1.9)

A Wiw) H—ELEEA, RS o) BHEOVE R, Hy(w) BX (4.1.8) #
5B, RAWRFE THRILRERAY. b E LI BAR 0 LT P 2% 9B B i i 3 2555

I CICACE Y.
5. PLACHR AR YER

A1 ERTE SRS, LRBRAAHAFERILEX, H SNRy,, =

ﬁ%,EEHA%%%&%M&M%%%%%ﬁ%&%%,

WH 2 UCECREARA A5 ¢ = T, RGBT ThRE R K,
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4.1 =BEREHE 1569

B3 ILRBESRRHE AR ARRRNNA T, MZERETREES () M
FREERYE] T,

M 4 DLECIEE 28 %R AR ) T AR A R F A BT e {5 S A A E i k.

W 5 LR ESRAGIEN .

6. H kBBt

WEANFARAHIRIEHTHR. A

(w+al) [_iu-i—aq]] [ (~jw+0q) - ( —jw+a,)
(Jw+61 ~Jw+ 8,) (=jw+ By) - (—jw+ 8,)
4 P(w) EESFHENSE, RABRER Pf©), HETENE. RAERER
Fr(w), A F(w) TR LEME, |EMEMR PHw) M Py (W), TR, fe
W 71 T AR ey R A AR

Fplw) =

(4.1.10)

P (w) = PH{w)P, (w) (4.1.11}
FRZ itk o
Y EE AT B A 5 AL DR i AR B A
1
Wiw) = 2] (4.1.12)

HE N oMFHEE R (BER 0, &R 1)
4.1.2 ESHEN Wiener 5
B BAR y(t) = s(t) + n(t) 6 AEES Hw) ZRES o) B4
8(t) = uf_i h(t — )y(r)dr = J:o h(r)y(t — T)dr (4.1.13)
HEEE TR E
J=Eﬂdﬂ—§®F}=E{Fﬁ}:ﬂlhhm@—rﬂ42} (41.14)

/Mb. B8R i 18 3385 PR ZER (T Wiener 38 I 73,

1 H3 41 PEE Wiener RIS EY1

EH: WHEHRHRERAIL P, (). FHSUAYIENEhREREIR
Psy (w).

TR MMBEARATHRE P, () HATIENR, 8 P (w) = A, (WA, W),
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160 B4R SEEREN

$%2 HE )
sy} -
E;:,(_w) = B¥(w) + B~ (w) (4.1.15)
P 3 EHF Wiener IBIEAAH BB H,,, (W) H
+
Hipilw) = ——-—f;y(;)) (4.1.16)

EL 2=, FWIFETEER Poy(2) M P, 2), M LRFXBESHE
AT EBHEE.

2 HiE 42 ER Wiener I HEY: 2

FH®1 XM P, (2) TSRS

P le) = A;"y{z)A;y(z) (4.1.17)

AF AL (2) %, BRAERATRAUEMN; AL () %, A LWERLES,
THR2 HH

Psy (2)
Ap(2)

AF BHz) BF. WA MERMEP, ™ B (2) N rE T At mirerE, %
R,

ﬁgﬁ. 3 E% Wiener ﬂﬁﬂ%ﬁ%fgﬁﬁﬁ Hopt(z) j{q

= B™(z) + B (2) (4.1.18)

B*(z)

H, . (2) = A0 (4.1.19)

4.1.3 BEERIER
PIER: (SRR we, k=01, MEBEEES o(n) Bk, FHEEERHH

yin) BAEEMIERES dn).
BRHBREEN. S riRE
J = E{le(n)*} = E{ly(n) — d(n)|*} (4.1.20)
BME.
1. ERALEE
E{u(n— kel (m)} =0, k=0,1,2, - (4.1.21)
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MR, BT iRE R MU B AR B AR EE T e, (n) EHEDAR
HIE3C,
2. E3C{LIEEE T
E{yopt(n)e;pt [ﬂ.}} =0 {4.1.22)
FIE LRI SRR A E B SR EEBIE.
3. Wiener-Hopf 712
i wopt,-zRu,u(i - k) = Ru,dﬁ(_k)a k= 1=2r' o (4123)
=0
BRI — A TR AR B R Y Wiener JE 5.
4. Wiener B 5

S e FE W S BV (FIR) Wiener PRI AR EH, dbBf, Wiener JIEZRE RYL
EbCIYE 7

Wop, = BT (4.1.24)
A
Wopt = [wopt.,ﬂiwopt,li e FTJJopt,M—llT (4125)
R = B{u(m)u¥(n)
[ Ru,u(u) Ru,u(l) T Ru,u(M - 1)-
_ R:,u(l) Rn,fs(o) ) '. ) Ru,u(""-"f - 2) (4126)
LR:,u(M - 1) R:,R(M - 2) e Ru,u(o) |
r = E{u(n)d* (1)} = [By g0, Rual—D), -, Rug-M + DT (4127
4.1.4 Kalman ¥k
HETER (REFE)
x(n+ 1) = F(n+ 1,n)x(n) + v,(n) (4.1.28)
UL
y(n) = C(n)z(n) + va(n) (4.1.20)

Kalman 8% 018 A FARMEIEE & v(1), -, u(n), KRERE z(n) E5
oy b Fethit. BH Kalman 385 AR SCREZRT oL Bey R A,
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L. Fr g
y(n) B9FT R B 3

a(n) =y(n) —§;,(n), n=12,--- (4.1.30)

A 9 (n) FTUMEEE y(n) B—LHIH.
HERER
RA 1 nHANHE an) SHRELEOEMEDRE v(1),--  yn—1) E3Z, B

E{a(n)yl(k)} = 0, 1<k<n—1 (4.1.31)

A O FRFHEE.
MR 2 FEARBEREZHILNEFS] {an)} SR, HE

E{a(n)af(k)} =0, 1<k<n-1 (4.1.32)

R 3 MMERFREFR {vQ), - ,y()} SRFELBHEFEA {al), -,
a(n)} E——3TREE, Hp

{y(1),- ,y(n)} &= {a(l),-- ,a(n)} (4.1.33)

2. 3% 4.3 Kalman BN IEHE
WEEF A

£,(1) = E{=(1}}

K(1,0) = E{[=(1) — 2(1)][=(1) - (1)}, H¥ 2(1) = E{=(1)}
AR MR R

TRM g BT = {y(1),- - ,y(n)}
S 2 8

REHBEE Fin+1,n)

WMMEE Cn)

AR BAHCERE Q,(n)

TR g ] B B AESCHE B Q,(n)
HH: n=1,23, -

G(n) = F(n+ 1, n)K(n,n - NCH(n) |C)K(n,n - ey + Qg(n)] -

a(n) = y(n) — C{n)& (n)
& (n+1) = F(n+1,n)&,(n) + G(n)a(n)
Pin)=Kn,n-1)-Fln+1,n)Gn)Cn)K(nn—1)
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K(n+1,n) = Fin+ 1,n)PR)FU(n + 1,n) + Q,(n)
Bl Kalman JE# B0 2068 SHTBIFRMAE, g ramsdRETFEMR
.

4.1.5 LMSEEMRKZE
o fE TRk (AR BR L) Tk

win) =w(n—1) — %n(n)VJ(n —-1) (4.1.34)
HE EERLBE) i
VJ(n} = 2E{u(n)ull(n)}wn) — 2E{u(n)d*(n)} (4.1.35)

HRENEHE.

1. LMS #2%:RHTR
P EREEA SN EN R RS ERE, B

VJ(n) = 2uln)ul (n)wn) - 2un)d*(n) (4.1.36)
3 AR )
w(n) =w(n - 1) + p(r)u(n}dn) —w"n - Dun))* (4.1.37)
#ix 44 (HEFE) LMS BENERE

W1 WL w(0)=0;
FHR2 BTH: on=12,---

e(n) = din) — wl(n — Duln)

w(n) = win — 1) + p(n)u{n)e*(n)
HHIRFSRAE, FW 2 P dn) TEHEABEBHERAE y(n) A8

THEEAEA LMS S35 LFER,
)3 —1 LMS ¥ i%: B p(n) =

43
35w (mugm o @€ 0,2), >0,

HEF— LMS £ B pn) = o, B o2 F5 uln) BFE, TH

c2(n)
oi(n) = Aol(n—1) +e¥(n) B#HE, XH ) e (0,1 ¥BSHF, AAl0<a< %
W, W M RIEEARAIM R,
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B S Er i s

Sk 45 MRAEX LMS #ik
FERL WL w®) =0
FHR2 FEH: n=12--

e(n) = d(n) — wl{n — Duln)
u{n)uin — 1)
ulH{n ~ Lun — 1)

v(n) = u(n) —a(n)uin — 1)

_ __pe(n)
H) = SR Yo ()

win) = wln — 1) + p(n)v(n)

a{n) =

LTRREE, B8 p FAHBEEF (trimming factor),
F 46 BEZ LMS Hik

T’ WL w(0) =0

FH2 BH: n=12, -

HE—ATF M aln) BfETT

e(n) = d(n) — wlin — Du(n)

e{n) =[e{n),e(n —1),--- ,e(n — M + 1}]"
ef(n) = u(n) + aT(n)uln — 1)

e'n) =lef(n),eftn—1),--- ,ef(n— M + )T
é(n) = e(n) +a"(n)e(n)  (EBH)

w(n) = wn — 1) + pel(n)é(n)

Wk 47 R LMS Bk
TRl WK @(0)=0;
TR 2 BE-ELER S
BFH: n=12---
x(n) = Su(n)
e(n) = d(n) — ®(n — De(n)

w(n)y =wn — 1} + p{n)z(n)e(n)
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2. #ARER S p I RETEH
HEUCS R AU BE A THE @(n) GOV R Wiener 18348,

Tim E{i(n)} = wop, (4.1.38)

MR LMS AR ERNE. LMS B ER A ZR: FIRRESH u(n) ¥
BAE
0<p<

(4.1.39)

)‘max
o Apax 7= LMS IBESHGANE v B A HXER R = E{u(n)u(n)} WEXKE
fE{H.

AR FUEARE 2 BTFEFKE, REFT dn) =dn) — whn)u(n)
IS A EWACy— 3, B
lim E {fli(n) - wep(m)[|"} = ¢ (480 (4.1.40)

Tt— 00O

MFR LMS BP0y, LMS Bk i R $IERSH R
TR

0<”<t_17[2i] A L T Elﬁ;)\ﬁ'ﬁﬁ (4.1.41)
Y {E R e & AR L5 3R T AR
0<u< H[Q—m < )\i (4.1.42)

XFRET, F LMS FiL RS A HSE, NEd s iRy A,
4.1.6 RLS BERNE
A 28 BEIE B IR 2 5 #
Jn) =3 X e@i? = ¥ AHd() — w(n)u()? (4.1.43)
i=0 =0

AF, IEETF 0 < X <1 3BEETF. HRANTEHEMEREY Wiener
a5, B
wn) = R '(n)r(n) (4.1.44)

#3348 RLS EEHDE
FR1 MR w(0) =0, P(0) =411, He 5 B—MRDHE.
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TH2 FHF: n=12,-

e(n) = d(n) — wl(n — Lu(n)

. Pi{n — Du(n)
) = e Bln = Duln)

P(n) = % [P(n — 1) — k(n)u?{(n)P(n — 1]

w(n) = win — 1) + k(n)e*(n)

THER RLS @3 A% Kalman MWL B H HE.

% 4.1.1 Kalman #gNES RLS @i @k nlo

Kalman ¥ ¥ RLS # #
2 K £ ¥ F R ¥ i 2 ¥ £ K
PR #(0) w, A iR
RERRE z(n) A, tEECE AR
2% (M) &5 y(n) AT (n) g
YIRS v(n) AT e (n)  MBRE
— TR Btk ) Bt 2+ 1y, - o) AT %0(n) BB RS
REFMBEPIELEE  K(n) ATIP(n)  ROAEARSEIEREA AR
Kalman 3 g(n) ATHR(n)  MEmME
HE a(n) AT () eRAEIHAS
sy 2 &(1) =0 @(0) =0  REHE

K (0) L P(0)

4.1.7 LMS HifERERIEikes
THER LMS HE R R A,

fo(n) @ fi(n) e f(n)  foilm) T fo(n)
z(n) ry 5
1 To

-1 T -1 -+ ves 7z + -

go(n) : 1(n) : ~ga(n) gp—1(n) ~ g:(n)

M 4.1.1 LMS HigEEEdsE
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BT S AR E R X R
fm(n) = fra(n) +r0gm (n— 1) (4.1.45)
gn() =71 fo 1 (1) + gy (R = 1) (4.1.46)

MIREA foln) = go(n) = z(n).
T E =R N S

(1) HRTFIRERE A,,(2) = Y _a,()z ¢ WRERER F,, = E{|/, (0"} A8

i=0
(2) BISTTIRIL S B,.(2) = > ah(m — i)z WRBER C,, = E{lga(n)’} A
=0
B/
(3) HERT. SSEIMAAE T RAER J(F, + ) R,

¥k 49 LMS BB ENRERE
Ttk fo(n) = go(n) = z(n); Fo(n) = [z}’ ri(n) BGET 1, W r(n) =
0.998, Bt win) = A7, || < 1,

Tk 1 RPERHK

Crae1(r) = A0, 1 (n— 1) + fm—1(n)gr_1(n — 1) (4.1.47)
Dy _1(n)=AD,, _,(n—1)+ £ﬁ|fm_1(n)|2 + (1~ B} g1 (n — 1)|2} (4.1.48)

TR2 HHERHREH
r"":'n(ﬂ) = _Cm-—l(n)fDm*l(n) (4°1'49}
Fm3 AL EARE

fm(n) = fr1(n) +rp(n)g, (0 — 1) (4.1.50)
gm(n) = r:;'l(n).fm-—l{n) +gm-—l(ﬂ' - 1) (4'1-51)

F% 4 FA Burg Bi#ETHH

al (n) = rp(n) (4.1.52)
o™ (n) = al™ "V (n) + rp(R)ast” Y () (4.1.53)
P, = (1= |[rpf®) Py (4.1.54)
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KF o™ (n) T m WETETHRBEESE « D RETE n WAME; P, % m HiEREE
BT AR,

4.1.8 HEREEEHNNTIER

| EEBETH=EE

BB L — T, M SE FRiZES SHEE .

(1) H T ARE S B I AR & A, WS NT P R
HT.
(2) HIBP AR 3(n) FVGET IR SSET, (5265 a(n) RELE 4Bk,
EERBEBETFORRE I ESET,

PYpp-p (4.1.55)

(3) MR LR, My TR ME AN, fiHREr - P NESH
HpREAHE Pz E3, B

[ — Pa] | Px (4.1.56)

KA R R
PE-p (4.1.57)

BRUE B TR ARG i (AR B NS TEESTTFES).
PR LRSI o8 7 P SR B T R B B 0 P I S B T

2. BB
SEH: H M= N (B M>N) ERE U %R, NEEERE P, &

P, =U{U, Uy 'yt (4.1.58)
gy,
WA 1 RS
P P, =Py (4.1.59)
M2 SRR
Pl =P, (4.1.60)
3. EXHREEHE
Pi=I-P,=I-{U,tHh't/8 (4.1.61)
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AR 1 R
[P5]* = Pg (4.1.62)

M2 BB
PPy = Py (4.1.63)

R 3 HRBEENIERE.

PsP, =0 ®, PyPy=0 (4.1.64)
AF O REELWETTHER.
4. W GEMET B EENER

Py. = Py + P{iu{Pju, Piu) 'ui Py (4.1.65)
Pi;, = P{ — Pyu{Pgu, Piuy 'u" Py (4.1.66)

5. [ BHEIR
P,y = Pyy + Pyu{Pyu, Pu) ™ (u, Pyy) (4.1.67)
P,y = Phy — Pyu{Pyu, Pyu) H{u, Pyy) (4.1.68)

6. ¥ BB
(z, Py.y) = (z, Pyy) + (z, Pirup{Pyu, Pyu) " (u, Pyy) (4.1.69)
(z, Py} = (2, Py} — (z, Ppu){Pyu, Phu) " {u, PGy) (4.1.70}

4,1.9 LS BiEFRREIIPIEeR
THEE LS BiENBERERENEEE.

eh(n) 0 ei(n) o) e(n) L ep—1(n) o ep(n)
z(n) k! K} K}
T K? K} K
- -1 PP Pl
el (n) i el(n)lz eb{n) e5_i(n) - £ ep(n)

B 4.1.2 LS Eiamsaimss
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HE. JE R BIHR R R R R

3fn+1(ﬂ) = efn(’”) - Kr?z+1 (n)e%(ﬂ —-1) (4.1.71}

ehi1(n) = —Khy (n)el,(n) + e (n - 1) (4.1.72)

i 410 LS BRFENERBEE

Yk
em(0) = €, (0) = 4,,(0) =0
Tm(®) =1
em(0) = eh (0) =48

Xﬂ-ﬁ’ = 1121-"'5 i+H

eg(n) = ef(n) = z(n)
ep(n) = e5(n) = eo(n — 1) + 2 (n)

Yo(n) =1

X‘f‘m=0,1,---,M—1ﬂ‘§

e (n)en (n — 1)

A1) =Apin—-1) +

’Ym(n - 1)
— b o —
ean(n) = an(n) - dmﬂ(::; (nl)_eT){n 2
e 1(n) =el(n~1) - A+ (;: ?nl))efn{n)
hsa(m) = ey () - 21

e n) = n—1)- _A:';“Tn()"")

Ymsr{n—1) =7, (n — 1) — [€B. (n — )2

eb(n - 1)
4.1.10 BiEREEEEEE 5k h EE
1. 2R R
Huy= {8 Ho=wnwy (4.1.73)
0, Hft
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2. [k eR
Hwy =4 Hw =y (4.1.74)
1, Hifth
3. %7 TIR REiE 38
A,
WA "D . So(n)
z{n) &
‘_“1 —ay
@ i) z~t
L s1{n} 3 8o(n)
82(n)
r2(n) & e !‘1(n)+ = ra()
413 % IR #Egas
4. [P R E
a ok, Fl oap =k (4.1.75)
A o BHET 1, W o = 0.995,
k,.m=0,1 EH
k, (n) = -—gm E:,)) (4.1.76)
C.(n) = AC..(n— 1) +s,(n)r, (n—1) (4.1.77)
D, (n)=AD,(n-1)+ % [, () + 2, (n}] (4.1.78)
A F s9(n) =ro(n), 32
3g(n) + ap(1 + ag)sp(n — 1) + a;85{n — 2) = &(n) (4.1.79)
51(n) = 8y5(n) + kgsg(n — 1} (4.1.80)
ri(n) = kysp(n) + 8g(n — 1) (4.1.81)
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4.1.11 - B Es

ZTHEER M LSRR L AMES.

B HRER C =(c], - ,c[]T (B, EEFIFSLEF, ¢, =alé) BH
i MESHFT R E).

R8RSR RS v R EES.

REWE k MES BTN I, SFEEHMFAES CGERNFRY
F) BRI AT LR HEE, 208

Clw=g (4.1.82)

Het g B—18 kA RN 1, RtE Ry T mE.
% C, BRYHER: C (IEZH, #i& T LRIESE T Gram-Schmidt #R#EIEC
A,

VU SCERRE AR T LA R LU B B B R S B
w=wy - C,w, (X FEIHE) (4.1.83)

A
w, & c(cHo) g (4.1.84)

REERIERLS T w, ZEENERS, HEUATELEMIFTE,
i:t (4183) %ﬁﬁﬁiﬁﬁﬁ: E.‘Hg (wﬂacawa) =0,
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a1l EHEES

s(t) = Acos(2nf t), OStRT, f.= %

TR A
y(t) = s(t) + w(t)

HA wit) BR—RERAE, KR 0, FEH o®, RILEBHEEE t =T My
H P T I E .

H 42 BEERFUEAEIES s () fs,(t), BT
5,(t) = Acos(@nf,t), 0Kt&T, f, = %
sy(f) = Asin(2rf,t), 0<(KT
PRES HFHIESOER, BEEPLSARREF SERE wi), HIBER 0, F

2R of, RIEEMER T — LR BESHBIES s, (6), RETALBBSE =T 5
BB,

Mia3 Sf55%

et t>0
s(t) =
0, t<0

FENTEEF n{t) B —HETE S, HMHEN 0, FEN 1, RITE S 8K
RE hg(t).

W44 CDHUES s(t) WHABXER

gin®(a7)
-2

R, (r)=A4

DIPEREF iy H AR R B
Ryy(7) = Né(r)

HHETSRALMER, B R, (1) = E{s(t)u(t — )} = 0,Yr. A HUK i IR B
z(t} = s{t) + v(t) {hit s(t) BAEH R Wiener 383 3% H{w).
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45 4{F% () MR n@t) S HIRTHENFREENSR, 0
R, (1) = E{s(t)s{t — 7)} = %e-m

1, =10

Rpn(7) = E{n(in{t - 1)} = {
0, 7#0

FaT, EHSREAHERE, J
E{s(tin(t — 1)} =0, V7

HRE R Wiener 38 4% 811638 LRI R,

4.6 2155 o) M n(t) HATHEH FREVER, B y@) = st) +nlt).
&40
No
P
P lw)=N I FPoplw) =0

Poolw) =

2B a >0, REF Wiener I 850558 R ¥,

‘ M 4.7 Wiener 383 85i%i4 82,
(1) Mo i
‘ z(n) = d{n) + v(n)

2P, IEESMHEEEE By (k) = 08, 30 o(n) B—MEEN O, FEN1H
LT
(2) MEF SR —1 ARQD) TR

d(n) = 0.8d(n — 1) + w{n)

AT win) B—ERH, HMEN O, FEHR ol =036, HAEES dn) 58RF v(n)
AtX, W v(n) 5 win) Ak, FERMEIE «(n) RLFES.

Fl Wiener YIS EEXT w(n) HEATIESE, MBI B840 M M0 MIEME B d(n) B95IT d(n),
R din) BREA.

g 4.8 BEHEEGES s(n) B—0—0W AR i3, HMHERH R,(k) = ol
O<a<l, SWRMEIBH 2(n) = s(n) +vn), KB sn) fl oln) Tk, H v(n) &
—AMER O, HRK o PIEAMER. il Wiener B3 H(2).
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B 4.9 £ H(Y) Z—IRW#MrAL (IIR) Wiener ZR¥EMF, HMWBIRNRECH
(i), s(n) AERES, o(n) HEEE, E5HEFSTHE. K Wiener JRHMR
HIE NI IRE Jmin.

KB 4.10 BEXMTRMBEE v(t) = 2() + () BT EEE BRI IRRBFRF LR R

m(l +u)™ !
(1+ )™

R y) FELR, HRIT—1ERTHEMIBEE blt, u).
BB 411 BE—WMES yt) = s(t) + nt) HIZIRHEN

w? + 25
‘ ) = e e

K B w(t) MRS s(t) RIZREERITT T 8() AR,

RE4.12 % o) R—AEAEAGERILER, EEMERTEERE o)
BORE, BE y(t) = x(e) + v(t) AMAEAR, Hb o) BER 0. TR . £

alt,u) =

14
Osust, m>0

Kalman IR 8% B BN AT (), 34 K(Q,0) = pe, A% Kalman B %
(1) ¥y B REBT RIB AR B B W 12,
(2) RiLRETR o(n) HEHAR,

B 4.13 5 REK 4.12 FPRRRRBRIE B
(1) LR WA v(t) B ZETIT K
(2) REEE =(t) BTELIFTK.
THRTEX PRMEBRIFOL T ARG B AG T 2(6) BB

B 4.14 AR(1) d8#H Kalman AT, REERRMN ARQ) RE.
z(n) = 0.8z(n — 1) + w(n)
A win) HERE, HIEN O, FE ol =0.36. WL BN
y(n) = z(n) + v(n)

Het v(n) B—15 win) AHXMEAMRS, KHEH0, HE o) = 1. H Kalman J§
BB ETREER, K 2(n) HREKFER,

M 4.15 —HPERSCIRESHE RN #a5h

21 S] 2(n) + vy(n)

znth)= [1/8 1/2

PDF 1 "4 "pdffactory Pro" $#%& =  ww.fineprint.com.cn



http://www.fineprint.com.cn

PDF

176 %4

B S AR

Zil
y(n) = x{n) + vy(n)
A+
E{Ul (ﬂ)} =0
2 [—
E{v, (ﬂ)UTUB)} = {0'11', n==~%
0, n#k

E{vy(n)vs (k)} = {
O, n#k

E{v,(n}v] (k)} =0, vnk
E{x(1)2T(1)} =T
K O M T AR ATEREMEAERE, R 2n) WEHFLRE.
416 EE 416 BoHBABRBYREE 2,

¥

KL V

0 r
B 4.16 BERESILARER

B, EFRCHLLMERE V 75 « R LA, BAETHEE O, KB EhiERE
K, HAEAK O, ATETEBRECH, FIELE A Kalman g8 880 LA EE
r. KHER AL O # H0ifn o MR 0 BT EM . i g

TIEBERIRE, 3 A B R IR A 42 )y 2,
BB 417 —RBI7EWSE ARMA SR HES TR

r q
ym) + > anlyin—i) =3 a, w(n — i)+ v(n)
i=1

i=1

ﬁﬁ’ itEP a (R}, et Ja‘p(n}ﬁap—l-l(n)ﬂ T :ap+q(n) jb ARMA ﬁ‘ﬁ;ﬁ:ﬁ: ﬂﬂ ‘U(ﬂ.) %]
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42 3 ;] 77

B, T oy(n) A, BEHALRE oo B—REFARA, &R o). ARMA B
SRR —BERL A SR

ai(n+1) =a,(n) +wg(n), k=1,2,--- ,p,p+1,---,p+g

K w, (n) B—FHENTHARAIRE, HEY w,(n),j # F HEB, €5 o(n)
P, BE we(n) RF E=1,2,- - ,p+q BAEHAFTE L. EX (p+q x L 4R
ESdp- s

x(n) = [a;(n), - ,a,(n) a4, (N}, -, ap+q(n)]T

HEXMBERE XEERF A fTEE)
C(ﬂ,) = [—y(n - 1)! Tt _y(n - p),ﬂ(ﬂ - 1): et ,v(n - QJ]

WARELL B RM, KT RITA#E:
(1) g7 A ARMA i BpaiREs 2 6 2,
(2) REFREWR x(n + 1) 89 Kalman B8N 8 EE,
(3) WAl B R EGE 2

BE4.18 ZEINREFP, TREE N AWHWAD I FIR S a3E S8,
A L B R e (E5 w(n) B

y(n) = hlz(n) + win)

i, X hB— M x1 AR, FREEPHEEE; on) H— M x 1 ], TR
(RIS AR MBI M — 1 A DRTRRSHE T win) HEHERE, BEAT,
HER 0. TERA n, FEGA uln) B HHEED (-1, 1} HR, 5 win) G
3. Bk, REFBRTER =

x(n+1) = Az(n) +e,v(n)

KHF v(n) BHEAF. HEH o] WRHORA, S5 wn) M3, EE A Z2—1

M x M 5ERE, HAE
1, i=541
Y o, e

W& e B2—MMx1E, HEREXH

1, t=1
e; =
-
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178 ¥4E BENRERS

TE B RV 1 AR A A TR () BRI T, {3 Kalman JESEHIE 39453,
EREBER T RN (n+D) HHEFERA vin) H—FiHE RF0<DI<M -1,
IEH: B e AR — 1 o s R iR 28, H AR A AR 28 e
(1) M x 1 fFEWEE T AR, (2) Kalman 85 FE (ER—T M ERFIFTHE).

B 4.19 FEREHAM R
J(n} = le(n){® + allwin)|]® (X 4.19.1)
AP win) A—REERERGMLNNR, o HEE, T cn) RBMHITRE, BXH
e(n) = d(n) — w(n)u(n)
HA din) HIRBES; win) HEHSHLEAMER, X (8 419.1) 2 LRI R
AMUEFET MhHRE, MEEHET LA mRaR 2R, 0E, ZR0EE Jin)
S FRAE win) B/, NEBRE B ERERFEF TR LMS 8 (leaky

LMS algorithm)'€l,
(1) fEAR R LMS HikFHahh A B ERAR N

Wi{n+ 1) = (1 — pa)b(n) + pu{n)e*(n) (£X 4.19.2)
(2) N RSHA PR ERE, 240tk LMS S b Sat
lim E{w(n)} = (R+ ah~'p (¥ 4.19.3)

A RS ARHEXHERE, T p BRI S HERN 2 B)F AR MR,

B 4.20 FF—-B4Lit (CDMA) £%, C&& K AP, BEHRA 1 388
HAP, HISTERERR o, UM, HEREGEREMG (s,8) =978, =1. &
H—EBHIAMREER RS y(n), BRET K MHPESHRLEES. A THN
MR P HES, RINESETF—SH PR o, HRN300%5 LB /Mb.
LERPRMIBRAGRES ¢ = 8, + U, RP U, X FRTFEH, BHTEH
Pk T F== .

(1) SREHER M EE ¢, By LMS HBENH .

(2) mflitHEFET =M U, ?

M 4.21 JEEITAIRRE A

_ 0%
X, y(n) = [Xn,k—l(n ~ 1}] (& 4.21.1)
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il
_| o 01
Py x(n) = 0, Popo(n—1) (B 4.21.2)
0, Kk x 1 FEFHE,
422 DE ;RN _ESHERREMEH
Py, (n)z 7 m(n) = eb{n) (B 4.22.1)
&5, EBA
Pii(r)z 7 e(n) = 2 Leb(n) (5] 4.22.2)

423 HE—FEES o) = [b(1),0(2),v(3), - ,v(m)]T = [4,2,4,---]T. #

-1
(1) BaEmI# »(2) # »(3).
(2) & 27 v(2) | 2 2w(2).
(3) MR = 1v(3) fl z720(3),
=4 uln) = z"'v(n), ity
(4) BB P,(2) f1 P,(3).

(5) FIH w(n) R vin) BIB/D _FWR. X —FTFFA v(n) M—BHT P HR.

(6) REM TR R TR e (2) 1 €] (3).
M 4.24  ELHVEEFUG FIEUER RS 50 N

£m(n) = (&), Piy(n)a(n))

em(n) = (27" x(n), Py, ()2 ™2(n))

AR
A () = {6y (n), =8 ()
i
f ‘d?'n 1
chupa(m) = efy(n) - S
ﬂ?n+1(n)

chaa(n) = ehy(n — 1) - S2LL

425 Z—EN IR B, HHEeRRRY

22+ 2241
z2 — 1.80z 4 0.89

H(z) =
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W4am AEsTNSE

B 4.26 B2 PRIREET, AP 1 EERAPRNE ¢, B—MEEERT Y

e (n) =3 — Cy a1 {n)

ﬁp}: 84 ZRAFP1IH N1 ﬁﬁiﬁﬂil‘ﬁjﬂ, N x (N - 1) %%EME 01,11“1] M N-15
S 8, BIF M. BEA Kalman B HEHENEHFR R w,,.,(n).

REREER R RETR

woptl(n + 1) = Wopt1 (n)

BV
g(ﬂ} = dT(n)wnptl (?l) + €apt
HIK.
FE X TRAR G R 2
e(n,n~1)= Wopi () — Wope ()
AHGRAR TR A A R

K{n+1,n) =E{e(n+ Ln)e"(n+1,n)}

=E { [wﬂptl(n +1) - ﬁ"(:»ptl (n + 1)] [wopt.l(n + 1) —

AT s R
{(n) = MOE(w, (n})

B/ AR B
‘fmin(n) = MOE{woptl(n)) = E{egpt}
HA
n =1
K(n' +1, ﬂ') = Ernin (Emin"r'f' Z d(k)dT(k})

k=1

(BE 4.26.1)

(B 4.26.2)

(B 4.26.3)

Bopt (n+ 1)] "}

(B 4.26.4)

(85 4.26.5)

(#% 4.26.6)

(3 4.26.7)

UERA Kalman SR H¥E B &N EH G R w, (n) BV-H5% R 2 RS

£(n) S &un(1 +n7'N)
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43 S HEBE
0 4.1 PURCHE 4% 8 vh o R
0, £ <0
holt) =
o) {S[T—t), 130
TR, VCACHEM R4 0
Uo(T) = y(t) * by (B)],r
= [T y(Oho(T - t)de
S
= [ wostorat
— (7 (st + wieys(erat
u'?T T
= [ 2wat +f w(t)s{t)dt
o 0
T T
= | AZcos?’(2nf, t)dt + j w(t}A cos(2mf, t)dt
':;2 T ° T
=5 |1+ costamsae +j w(t) A cos(2nf,)dt
1] D
2 a2 T T
- —42“ T+ %f cos(4mf.t)dt + AJ w(t) cos(2rf,t)dt
1] 0
. T
_ A;_T %zsmii’;fct) + ALT cos(2ref. t)w(t)dt (B 4.1.1)
[ 0
T8, BT f,=1/T, & sindnf T)=0, T, A (B 4.1.1) 54
o (T) = -‘%12 +4 LT cos(2rf thw(t)dt = E, + e, (0 4.1.2)
A
E, = A*T/2 (R 4.1.3)
e = ALT cos(2mf tw(t)dt (| 4.1.4)
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K, E, fl e, 5 B15m TCRLIE 28 H0 5 1 3 5 M4 1
TFER 1o(T) BRI,
R
E{w(®)} =0

74
Efe,} = LTA(:OS(Qﬂfct)E{w(t)}dt =0

AT 45 PLAC I8 5 2% e ) B HE
E{yo(T)} = E{E,} +E{e,} = E, (B 4.1.5)
REE E{yo(T) - E,} =Ele,}. &, &

E{[yo(T) — E,F’} = E{ei}

—E {f: LT Acos(2rf. ) A cos(2nfcu)w(t)w(u)dtdu}

T T
= A? J:;. L cos(2rtf 1) cos(2m f ) E{w(t)w(u) }didu

T
= 42 f oZ cos?(2m f #)dt (R% 4.1.6)
a0
A RAT EmEkM
E{w(t)w(u)} = a?8(t — u)
XE
§(z) = {1’ z=0
0, z#0
HHR (@ 4.1.6) F

. T
B{[uo(T) — E,J*} = 4%0* | * 51+ cos(dref, 1))t

1o 1, osinf{drft)|T
= AT + 5 A% el (B 4.1.7)

MT f. =1/T, & sin{4nf.T) = sin(4n) = 0, X —LRMAL 5 4.1.7), N

E{{%(T) — E,]*} = %AzazT =o’E, (&K 4.1.8)
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TR (T, SYEST E, FERCE,,
A 4.2 R, [TRECEE T AR A0 v A A i R

0, t<0
ho(t) =
(T =1, t20

B 4.1 R, FHREHVERES s (1) B, LAEEIHOHEH
v (T) = B, + IDT Acos(2nf t)w(t)dt

A B, = 3 AT, HULACHE ARG H B EM T £ R

E{y{"(T)} = E, (B 4.2.1)
varly{'! (T)] = 2B, (@ 4.2.2)

AL R BPLR IS oo(t) 0, PCECIRFEAS A% H W

YT = y(t) * ho(t)

= | y(e)ho(T — t)dt

o —

~T
= | wy(t)si{t)dt
0
~T
= [Tty + w(ole, 0ot
~T

T
=} 31(t]32(t)dt+L w(t)s (t)de

~T T
= [ A% cos(@nf.t) sin(2nf.0)dt + f w(t)A cos(2rf,1)dt
J0 i

2 T T
= -‘%-f sin{4mf t)dt + j w(t)A cos(2mf t)dt

_ A% [ cos(dmf.t)
el [ dref,

T
—0+A L cos(2r f,tyw(t)dt (55 4.2.3)

L +AI w(t) cos(2mf t)dt

K cos(dnf,T) = cos(4n) =1,
BT E 4.1, TWLAEE. YR I EEE o) B, VOB 57 ()
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I {E AT 225 51

EPm =0 ( 4.2.4)
*..fr;u‘[g,.t,él )(T)] =o%E, (8% 4.2.5)

Ht, RE= (8 4.2.1) I (B 4.2.4) H), VCECIEW 84 poaE(E %

Eu(T)} = { o BT a,(0) B o 4.26)
0, RHMES so(t) B

AL, ANUCHCOEH: SRR, AR LI R HULRIER S 5, (1) SR 5, (). MHH
B, XEERRBESRA G Z RMHEX

T T
L 81 (85, (8) dt_J; sin(dnf.O)dt = 0

B s, () 0 sp(8) MEIEZR. XA IEEPLNE, ULRDHE Y &% ar LR SRIRSIME 4 T 3589
5.
BRI 50 () BUCRBASA RE MR (B 4.2.6) .

Al 4.3 VUECIR AR B4 s Bl T

Hpi(f) = 274 3 TR (0 4.3.1)

A S() RAGS () WIKIE, T P, () R n(t) RUTHRBHE,
FH AT

S(f) = Jj; s(t)e_j 2rft gy J:O et 2N gy — 1 +j12'?tf (#E 4.3.2)
BT n(t) RFHE. AUFEMERE, SRR EEEF
() =1, ¥f (K 4.3.3)
R (8 43.2) fi=l (@ 4.3.3) AR (8 43.1) B
—i2nfT,
Hone(f) = eﬁt_}h (%% 4.3.4)
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ToE, UCHCAR AR o o B 2%
o g—i2nf(Ty—t)

o) = [ Hoipiemas = [ ST

(L=t KT
_Jlet (8 4.3.5)
0, £ T,

Bk VCATIE B A Y

e~ B, €T,
ho(t)
0, t> T,

BL5E.
E44 BT R, (r) =0, Fil

Rsz(T} = E{S(t)[‘g(t - T) + TJ(t - T)]} = Rss{T)

_ A5111T(2m') (BE 4.4.1)
(i1
R (7} = E{[s(t) + v(D)][s{t — 7) + v(t — 7)]} = R,,(7) + Ry, (7)
- Aﬁ}fﬂ + N8(7) (BK 4.4.2)

X (B 4.4.1) IR (B 4.4.2) -5I1E Fourier ¥, 53

Py {w) = Py, (w)

- i 2
_ (™ 4 5in (;rr) edwTdr
o T
aAmn (1 - glt-di) , |w| < 2
= ¢ 4o (RR 4.4.3)
0, || & 2cx
Al
Pro(w) = Py (w) + P, ()
aAn (1 - —Z-M) , wl < 20
=N+ 1o (A% 4.4.4)
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BJS, AEHEE Wiener IR ZSM 58 RN
_ Psz(w) - Pss{w)
B = 3 o) = Pufw) + Pol@)
aAm (1 - 2";-‘“)
5 20 , |w] < 2c
adr(1- 20 1y (F 4.4.5)
01 le & 20

ZE: HEFHE Wiener I B EF R BN TRARR:
aAr (1 — Q}MP)

dex
2 1
Hw) = Q,Aﬂ(l_ ?M.) + N
dex

q, || 2 2ex

|| < 2ex

4.5 HTHSMEFEHHERETE, U O, (1) = R,.(1) Ml C,u(r) =

R..(7). TR, 55 s(t) foohE&j
P, (w) = foo R,,(r)e~i“rdr

20 .
- J" %e“""e"“"’dr
— o0
_ 1
14 w?

T R 7= £ 2 R g

FPonlw) = f_ Rnn(T)e_j “Tdr
o -
= f (me ¥ dr

=1

B 4.1 RS EEE 4.1, HE Wiener BiF B8R INT:
¥R WPAR ) HEEE

1 2+ w?
Py (w) = Poy{w) + P (w) = T+t 1= o
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T () f s(t) G E K%
P (w) = B R, (rye 3vTdr
= [ E{s@)lste =) + n(e — e mdr
= ™ R, (t)e™3“Tdr
= Pyy(w) (B 4.5.4)
SEREIESE Py
V2 +jw){v2 -] _
Pyy(w) = ( (1 11:;%1 _ij;u) = A;U(M)Aﬂy(w)
bl
V24w
Apy) = 1+ jw
g _
Aty = L1
FH2 IR
1
Psy(w) — Poy(w) _ 14 cw?
Apw)  Aplw) V2 —jw
1-jw
_ 1
A+ V2 -iw)
V21 + VvZ-1
Cl4jw o V2-juw
= B"(w)+ B~ (w)
H i

Bt (w) = ﬁ;j
5= s

EE, B (w) #7RE BT (w) py3tee.
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FTH3 FR Wiener 389k 25001518 5K 404

v2-1
B*(w) 1+jw v2-1
H w = = —_
R 0 RV, Y prai, R
1+4+jw

(B 4.5.5)

#¥E:  FR Wiener JBIEEE A8 B E N

Hopt. (L:J) = \;;E_}__JL

B 4.6 HENEM P, (w) =04, {55 s(t) 5®AT n(t) RAEX, 8H R, (7) =
Ry, (), M8

Poy(w) = Pyy(w) (B& 4.6.1)

FR1 WALIRE y(t) FIPIEE

24
5+ N = N’B

Pyy (UJ) = Pa.s (“‘J) + Pnn(w) m (@ 462)
Arh 42 =o? + J2. ALEBRRES B R,
P, w) = v’_ﬁ:z \/ﬁi :Jw = A% (W) A, (w)
BH
a +jw
A (w) = fﬁ :;‘;
R 2 HHE
NO
Py, (w) _ Pas(w) a® 4+ w?
Apw)  Agplw) fﬁ jw
o—jw
VN (@ +jw)(f —jw)
= B*(w) + B~ (w) (85 4.6.3)
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]
BT () :Aa:jw
- 1
B~ {w) :A,B—jw
Hr
A=__jf9__
(o + BIVN

FI 3 EE Wiener 383500518 BRECH

1
- A a+jw_
VNETLY
a+jw

_ Btw)
B Airi—y (w)

Hupl;(w)

—_ NO E
T Na+ 88 +jw) (& 4.6.9)
FE: [HE Wiener EIFSBHERRE N

Ny
Nia+8)(8 +jw)

Hyp(w) =

4.7 @R, WEES dn) FZHEKEN AR ShRE, B

o2, _ 0.36
Paal2) = T 081 — 082 © (1= 082-1)(1 = 082) (B 4.7.1)

T RAERE o(n) HTIRE

0.36 .
T-08-)(1—08)
(1-0.52"1)(1 — 0.52)
(1—0.82-1}(1—0.82)

= AL (2)A,,(2) (BE 4.7.2)
B R S T

me(z) = Pdd(z} + Pz} =

=156

1-0.52"1
+ ./
Az, = V16 1-0.82"1

_ — 1—0.52
Az = V16 1-0.82

HER, AL MF, BB T RAEM, MRS IRAIRSERE R
M Ay, A%, RSN SERTERGIE N, RV REEH B MM ERHT.
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W4M BERENRER

FH 2 MF By, = B{dm)zn - k)} = E(dm[d@n — k) + v(n - k)]} =

E{d(n)d(n — k)} = R k), BH Py (2) = Py(z). N\, %

0.386
Aze(2) B Az{z) B —1—0.5h2
1.6 1—-0.82

B 0.36
T V1.6(1 — 0.82-1)(1 — 0.52)
= BT (z)+ B {2)

]
1 0.6
BY(z) = V16 1 — 0821
.1 03z
B &)= 105
H® 3 HR Wiener SN FBREN
1 0.6

H(z) = Bt (z) _ V156 1 —-0.8z"1
Aly(2) JIE 1-0.5z"1
T 1-0.82"1
03
 1-0.5z"1

(B 4.7.3)

(K 4.7.4)

‘ B FAEHE d(n) RWABE 2(n) B Wiener SBIBRHISL, FrLU D(2) SF

EHAMEBEY Hz) SRAFESHIE X(2) M, 05

0.375

Diz) = H(2)X(2) = 105,

X(z)
e
B(2)1 - 05271 = 0.375X (2)

1E Z RAEHR, BPiG
d(n) = 0.5d(n ~ 1) + 0.375z(n)

EE:  HHHE dn) BEBEARBR (F 4.76) £H.
H48 BEE, BIITLEH Wiener-Hopf F#&:

R, @ R, W] [w©®] _[R..©
R,(1) R (0] [w(l)] ~ {R,.(1)
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HE, BT stn) 5 v(n) RHEX, # R, (k) = R, k) + R, (k) = ol + o24(k) F1
R, (k) = E{s(n)z(n—k}} = E{s(n)[s(r — k) + v(n — k)]} = E{s(n)s(n—k)} = R, (k),
BH R,, (k) = R (k) = al*, HiXHERAR (B 481) B

1+ 02 o w(0)| |1
[ o 1+03] [w(l)] N L] (8 4.82)
e, B
l+ck—af
w(0) = o o (F 4.8.3)
w(l) = agy (B 4.8.4)

(1+02)? —a?
EE. Wiener WHBHABER H() = w(0) + w(l)e™), Hb w(0) 71 w(1)
SRR (& 4.8.3) R, (B 4.8.4) 411,
NE 4.9 IBMEEHH

3(n) = hin) xz(n) = Z h()z(n — )

s

= Y h{)[s(n — i)+ v(n - i)

i=—n0o

= Y hl)sin-9+ Y h@vn - i) (8 4.9.1)

f=—ox i=—00

RIERE N, MBI RN RE N
iy SE([3(n) — s(n)|?}

=E { l i h(i)s{n — i) + i h(#)vln — i) — s(n)] x

=00 t==00

LZ h(k)s(n — k) + Z hikyv(n — k) —s(n)] }
k=—00
=R, (0) — Z R(D R, (5 (& 4.9.2)

% P,(w) AMBESHIRE, W

RO)=E, = %{ f:{ P, (w)dw (8 4.9.3)
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B4 HH, A8 Parseval ZIH (h(1), Ry () = o= (H(E), Pylw)), B

Py () JEMRR T o) S5TRREE 2(0) = s(n) + o) 2 MIEHAN. PIS,
e )
3 BiRLG) =

ek (5 1.9.3) A (BF 4.9.4) A (B 4.9.2), BVATH /A 0niR B R #6A

23" .
Tuin = 5. | IPafes) = H(&1*) Pop(eo)lo

HEBEM R, (k) = R,(k}+ R, (k), ATTH P,(w) = P,(w) + B(wh T R,(k) =
E{a(n)z*(n ~ k)} = Efs(n)ls(n — K) + o(n ~ k)}*} = E{s(n)s* (n — k) = R,(k), B
P, (w) = P,(w). TR, IIR Wiener {EIEZ%A4

% f_: H{&“)PL, (w)dw (EE 4.9.4)

(BE 4.9.5)

Jivy Ps[w) _ Ps(w)
B =5 ) " P + P

B (B 4.9.6) AR (7 4.9.5), i+H18

(U 4.9.6)

1 (" -
Jmin = 5;( B _ﬂPs(w)[]- - H(e] )]dw
L, T RW
= P.{w) [1 P+ P dw
1 r™ P,(w)

= ) B + P

X (B 4.9.6) fLAK (8 4.9.7), BIERIR/MIFRBMFIERN

dw (8% 4.9.7)

1 pw .
Juin = 5 L: P, () H(E“)dw (5 4.9.8)

TR Wiener BB R/IEFRENK (F 4.9.8) FrR. &KX %9, Wiener
LAY H(v) BER/DHITIRERE LR o(n) fEIEBERAUM AT, IRULEHG
HRIRER. XMER/PEFTREHDERX.

4110 FEARN

w(t) =y(t) — (1)
= y{t) — Jﬂt alt,u)y(u)du

= () — f {1+ w)™ ly(u)du (A 4.10.1)

a+om™ t)m
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EXFHLFR 1+0)™ f5, B8
(146 w() = (1 + H™y(t) — m I:(l +u)™ Ly(u)du (& 4.10.2)
AAWE_TH

t t
mJ; (1 4+ wy™ Yy (u)du = (1+ H™y(t) — 5(0) — L (1 +w™lu)dn (B 4.10.3)

Kb g(t) = % FTRATTRE y(t) 09— FH
Wk (8 4.10.3) RAR (8 4.10.2), MH

(1+ 8™ w(t) = y(0) + J::(l + )™ (w)d (5 4.10.4)
T ¢ RSH, HEN
m{l + ™ wlt) + (L+)™w() = (1 + )™5(e)
fatkE, &

y{t) = %w(t) +w(t) (BK 4.10.5)

A EAFAREUF, WH

y{t) = J: %w(u)du + w(t)

u

t
= w(t) + J; b(t, w)wiu)du

= w(t} + wiu) = b, u) (& 4.10.6)
A
m
b(t,u)={1+u’ OSust (F 4.10.7)
0, Hefth

= (85 4.10.6) 3R, WMANRE y(t) TUSHBARFELE vt 5SHEEE
A b(t,u) A9 wlu) « bt u) Z .

HE: FEEESON (FE410.7) AW, 58, HEEESASHER 20 8
KR T, BE

™m
1+

(1) = J: bt, w)w(w)du = f: w(t)du (8 1.10.8)
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& 4.11 BIDTH R P, (w) HTIE

_ (jw+5)(=jw +5)

Pyy(w) C (jwt+tD{—jw+ Dw+ 2D(—jw+2)
ju+a ] —jw+35

Guw+D(jw+2) (—jw+1){-jw+2)

= A, (@) A, () (% 4.11.1)

A+

_ jw+b
A = Gt TG T D)

_ _ —jw+5
Al = S DGe D)

4 s =jw, M

§+5
s+ 1)(s+2)
—5+9
(—s+1){—5+2)

At () = (B 4.11.2)

A= (s) = (BE 4.11.3)

BT Al (s) %, RAEWLTERTE, W A, (s) BF. BAELET
E, PRSI B aR Y 158 iR X sh

jw+5

H(w) = A}, (w) = (o 00T D) (BF 4.11.4a)
= 5
&+
g, CRYHEAEIAWERRS.
T2, BB DR U AR v B R
aiy = [ Hs)estds
¢ 5+5 s
. eroee
ro 4 3 .
- J-co (s+1 B 3+2) e*ds
_ J4emF—3e7, k20 (5 4115)
0, k<0 o
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TH, HERESE - THAENENE. HELRETUMES o0 5HE
TR AR PP OWRYL h(k) BB, M1

w(t) = y(&) * At)
£

= j ylu)h{t — u)du
0

= J:[4'3:“”_“]I ~ 3e 2ty (w)du
= 4ot J': e“yl(u)du — 3e™ % Lt e**y(u)du (§8 4.11.6)
Hik, 5% st) WEEHFETHTREAH:

3(t) = y() — wit)

=y{t) — (46_“‘ I{: ey(u)dy — 372 LL eE“y(u}du) (B 4.11.7)
ZE: 155 800) MEREY iR

i)y =y(t) - (49_‘ J: ety(u)du — 3ot j: eg""y(u)du)

7 4.12 BT =) BT ARREYER, # 20 XTHE — S8
#T 0 BR

=0 (5 4.12.1)

X REEN WAL R. WRFEY
y(t) = 2(t) +v(t) (fE 4.12.2)

% 2(t) B—TREHE 0. TE p, BHEVIER, iCF = ~ (3y,p); IR
MR olt) BIIMEDN 0, FrEN o], fE v(t) ~ (0,00). BUE, H T =1 fEHREM
&, 3t 2(t) F1 o) Sk, W GF 4.12.0) fI (8 4.12.2) BAZEETEERRS
2R

z{n+ 1) = z(n) (A 4.12.3)
y(n) = z(n) + v{n) (5 4.12.4)

A, DERBIRFE v(n) ~ N(0,02).
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B i R B

RS EHA Kalman I8 HEM T
K(n,n—1)
K{n,n—1)+02

£(n + 1} = £(n) + g(n)y(n) — £(n)]
K(n + 11”) = K(nrn - 1)[1 - Q(R)] = g(n)af,

g(n) =

THEXR gn) —MFEBER.
BF K(1,0) =E {|z(1) - E{z(1)}]*} =po, S n=18, &
K(1,0)

_ I
9{1) = K(1,0)+ 062  p,+o?

2
Pa
K(2,1) = g(l)gy = ——*

o "'(3".31
Lp=28 MWEFH
K213 p
9(2) = K(2,1)+ o2 - 2p, + a2
2
G-U
K(5,9) = g(2)0] = 2200,
T
Ln=30, &
_ K(3,2) _ p{)
9(3) = K(3,2)+02 ~ 3p, + o2
2
Pl
K(4,3) = g(8)os = ﬁ
v
£
— 1) — Po
Sl P PR
PoTs
K(nsﬂ' - 1) = g(n - 1)0-3 = (n _ 1§pﬂ + o2
1] i
| K¢ y
_ n,n - _ Py
g(n} = K(n,n—1)+02  npy + o2
M

o
K{n+1,n) = g(n)o‘ﬁ = nppo+ -
0 v

(BE 4.12.5)

(B 4.12.6)

BN, 2 (8 4.12.5) fI= (B 4.12.6) 45 Kalman 3838 g(n) AT B

REWHHFE Kin+ 1,n) FIEFARN.
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=E:. BHU LT, THRIMMGITREEEN Kaman EEFEWT:
}Fn=1,2,3,-

. B
g(n) = s f"_ = (B 4.12.7)
&(n + 1) = &(n) + g(n)[y(n) — &(n)] (8% 4.12.8)
K(n+1,n) = g(n)o, (B 4.12.9)

B 4.13 YRR o(f) BITE o IR, X (B 4.12.7) B
gln) =0
Fr b AN (B 4.12.8) /5, BIF
FHn+1)=&n) =--- = #(1)

FFRY, Kalman MUCEHE T HI46H 6(1) DU, FREGRRAMEME AR .
RSB o) BB 2(1) =0, HHF 2% py = 0o B, W (8 4127)
T 1
gln) = —
BERAR (E4.128) 5, WH
Bn+1) = #{n) + ~[y(n) ~ £()]

XA AN EAEREA R, B, SRETR =(n) HETLFF A, Kalman
M H AR ER G URRESE R A,

# 4.14 AUEEEH, REFRBERE Fir+ Lo = 08, SBEA B
B Q, = o, = 036, MMMARE C(n) = 1, VABRRFS (7 B 6040 6 0 BO I
Q. =0l = 1, FEXEEA 41 FHEE 4.3 (Kalman HEMEEREE) B, 5
BT RAY Kalman S HENT:

gn)=Fn+1,n)K(n,n - D{K(n,n-1)+ g% (BF 4.14.1a)
P(n) = K(n,n—1)— F '(n+ L,n)g(n)K(n,n — 1)

=[l-F n+1,n)gn))K(nn-1) (£H 4.14.1b)
Fn+1) = F(n+1,n)2(n) + gn)y(n) — £(n)] (1 4.14.1c)
Kin+1,n)=Fn+1,n)PR)F(n+ 1,n)+ o2, (B 4.14.1d)
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H& P(n), FAAEERERER, WA
0.8K(n,n—1)

g{n) = Kinn-1 11 (B 4.14.2a)
#(n + 1} = 0.8%(n) + g{n)[y(n) — £(n)] (3 4.14.2b)
K(n+1,n)= Kgi;_l)lrf'f’ﬁ (8 4.14.2¢)
VIRERR £(1) = E{z(1}} = 0 #1 K(1,0) = B{{z(1)]*} = L
Won=1H
- L0 _0ax
A np =20
R T
o - KED 0000
L n=3FF
9= a1 ™ Dty ~0S
cun- KoZaon 0spron
‘ WYn=4H
o= QAL 08202
TR, %n=34, b, Kalman 835 E4HH g(n) =03,
=X #(n) HBEAAN

#(n+1) = 0.8%(n) + 0.3[y(n) — 2(n)] (B 4.14.3)

R TR (Fl [32]) B, BN R Kalman JEREEFHMT
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B3

g(n)=K{n,n-1[Knnrn-1+a "' = Kﬁ;(r:;?j;)li T (f5 4.14.4a)

‘ Pu}=Knn-1)—g(n)Kin,n-1)=[1 - g,(n)}K(n,n - 1) (§ 4.14.4h)

En+ 1) = Fin+ L,njz{n) +¢,(n)[y(n) — Fln+ 1,n)i(n)] (& 4.14.4c)

K(n+1,n) = Fin+1,n)P(n)F(n+1,n) + g2 (BH 4.14.4d)

‘ M (1 4.14.4) 5 (B 4.14.1) FE—HBEHL, gi(n) = F1(n+ 1, n)g(n), FFH
B KT 5n+1) WEFAREERS: & (8 4.14.10 MRETH

g(n)ly(n) — &(n)] = g(njy(n) — g(n)i(n)

‘ T (BH 4.14.4¢) B4 IET %

gi(M)y(n) = Fn +1,n)&(n)] = F~ (n+ 1,n)g(n)y(n) — g(n)E(n)

HAS—UIAHE.

WRAR (4.14.4) EAFREVE RN Kalman MR EEN, 2N ITES
RA g(n) =375, n=4,5..., RETE z(n) B Kalman —H TN A+ T HLA

2K
#n+1) = 0.88(n) + 3.75[y(n) — 0.88(n)]

BB 4.15 ZHFF, Kalman iBEHEEN S EH) H

1/2 1/8
Flnttn) = [Js 1}’2}
Cn)=1
Q =c I
2 = U%I
MAHHE R 2(1) = E{=(1)} = 0 # K(1,0) = E{z(1)zT(1)} = 1.
KX BEMAA 41 FTRHHZE 43, BREARNT:

_|1/2 1/8 N B 52717
G(n)“[lfﬁ 1/2] K(n,n—1) [K(n,n—1) + 531]

bt 1)= [1/2 1/8] )

1/8 172 &, (n} + G(n)y(n) — &,(n)]
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P(n)=K(n,n—-1) - [ijz 1;2} G(n)K(n,n~—1) (B2 4.15.1c)
H
2 1/2 18 )
Kin+1,na)= L/’S 1/2] Pn) [1/8 1/2} + o2 (B 4.15.1d)

Bf 4.16 % R THRSREHFE, RIVBEE 416 ST
r?{t) = 22 (1) + (1) (7F 4.16.1a)
ERAPEANEHE ¢t R—Tr ¥, B
2r(t)F () = 2z(H(t) + 2y ()t

DEEL

HE) = %m) + %g(ﬂ (G 4.16.1b)

AR, THEEEREER ¢,
MERAT LIRS : CHEFXAIKTFER « = reosf, KU = R KITE
BEe=V, iy TR CTEE § =0, FRXHRRMAAR (& 4.16.1b) )5, WFH

¥ =V cos# (% 4.16.2)
KeE, 8
# =V cosf — Vésin® (}5 4.16.3)
MTEHOLA 6, BRAE
tan f = %

M ¢ KBS, B o
fBsec? § = 3‘1"—;;—:32
W s
e
I 4.16 ILAXARH y = rsind, 2 =V M § =0, HRXEXRAARX (&

1.16.4) J5, TH 6 RN

8= —% gin (& 4.16.5)
KeE, L&

2

§=— (V*' — W) sin @ — %é cos (& 4.16.6)
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RECHIESH KT, WANEE, BV =0 F&, & f 0 EBRNEL
BRI (4% 1~ 10 s) ERARKBREE, BIIMTIAN =08 6 =0, BEX
BIERHRAR T /7 M6 RNk, EIMERE/ERMELE, B

d

57 = wi(?) (& 4.16.7)
%é =y (¢) (K 4.16.8)

Ak = o f 6= SO TR, MATRY

P 7
d |7} jw(t)
de |g| | 4
6 w, (t)
BB RS TEIREER.
r D1 a0 af |r 0
d|# _[o o0 0 of|r wy (1)
alel= 1o 0 o 1lla + 0 (fE 4.16.9)
g o0 0 of 8 wy ()

FRSHAR TR, X (0 1 60) WAL, RS S2() SHMK
R, BDWES o(k +1) — o(k), B Sr =7 W £0=0 HRBILARAAY

rlk+1)—r(k) =Tr(k) B rlk+1)=r(k) +TrKk) (B 4.16.10)
Ok + 1) - 8(k) = TO(k) =T 6(k+1) =8(k) + Th(k) (B 4.16.11)
X EEEE RS R
x(k) = [r(k),7(k),8(k),0(%)]" (f% 4.16.12)
F R )
(k) = [0,w, (k) - T,0,wy(k) - T)T (iR 4.16.13)

) R 3 S (R A7 BT (R Z ] e A3 (BE 4.16.10) A1 (B 4.16.11), RATEPA]
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LR AREFBR (F 4.16.9) 35N FENREFINRE TR,

rik + 1) 1 T 0 0] [r&) 0
Me+1)| [0 1 0 o [#k) w (k)T
ok+1) o 0 1 T 9@)*' 0 (%8 4.16.14a)
Bk +1) 0 0 0 1| |8k wo (k) T
7
2(k+1) = F(k+ 1, k)z(k) + w(k) (K 4.16.14b)
HAF, REHBER
1 T ¢ 0
010 0
Flk+1,k) = 0o 17 (& 4.16.15)
0 0 0 1

B TFEEERAROSEEER » AR 0, HELHWRFEY

1 000
ylk) = [0 01 0} (k) + v(k) (8 4.16.16})
H
y(k) = [r(k),0(k)]" (B 4.16.17)
v(k) = [v; (%), v (k)" (& 4.16.18)

ot vy (B) 71 vy (k) S BIRBER r(k) FIHLLA (k) BYMMIMRE,
% _HEARBAREERFREREF R

1 T o 0

D1 0 0

s l)= | k) + (k)

00 0 1
FOIRM

1000

y(k)ﬂ[{] 0 1 0] x(k) + v(k)

Ak,
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BE 417 () AR &KME, B HREZRITEN

z(n + 1) = x(n) + win) (8% 4.17.1)
y(n) = cln)z(n) + vin) (JH 4.17.2)
A F
w(n) = [wy (n},- - w(n), wpp (R}, 0 Wy ()"
i ERAET R,

HEEA, HREERNR wn) MM uin) IR EERESAN

Q,(n) = 9'121:1

Qy(n) = oy
(2) B LR R EHERA 41 TR EE 4.3, B8 %] Kalman JEEHE
o
G(n) = K(n,n— e (nYem) K(n,n— Vel(n) + 627! (% 4.17.3)
a(n) = y(n) — cln)i; () (8 1.17.9)
2, (n + 1} = &(n) + G(n)a(n) (3 4.17.5)
P(n) = K(n,n - 1) - G(nye(n)K(n,n — 1) (BE 4.17.6)
Kn+1ln)=Pn)+oil (BX 4.17.7)
(3) EEE
E{w(1)2" (1)} = E{z(0)27(0)} + E{w(0)uw "}
=0+02T
=021
Hitk, WERHER
#(1) = E{z(1)} = 0
K(1,0) = E{z(D)zT(1)} = 02T
ZE:

(1) B3 ARMA A BHFPREZRFRMOA (B 4.17.1) A G 4.17.2) Frs.
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(2) EFREME z(n+1) ¥ Kalman 3BF AR HE, (B 4.17.3) ~ 2 (T 4.17.7)
.
(3) FERMEN (1) = 0 F1 K(1,0) =011,

418 CHRSFEN

2(n+1) = Az(n) + e,v(n) (H 4.18.1)
A
o -~ .. ... D -
1
1 0 0
0
A=[0 1 o0 0 e, = |
0 0 1 0 0,
[OESY pag s
y(n) = A e(n) + win) (AR 4.18.2)
4
z,(n) L Az(n—1) + e, (n) (3 4.18.3)
BAREERENE « W—STM,
yp(n) = KTz, (n) (i 4.18.4)
RFE y(n) W—HTRE, NEFEREMR ¢ 69 Kalman 385 {5 %
®(n) = 2,(n) + k(n)y(n) — y,(n)] (B 4.18.5)

AR FEREER < 7 n HAK Kalman JHEESTF « 7 n HEH—
AT AL E S, TR IETST Kalman #3517 & k FeLiWRBY Kalman
B y(n) — yp(n).

AR, FERTHE » TROETHIFFRR +1 5 -1 Hik, 5% n-D (&
O DKM — 1 FoR B AT )5 Pt ] > M 3ER) B2l & S E 8RN +1 8
~1 B, RETHR: EfEEREMER « 8 D A K o WMETHE £, AT
FTRAESHHE p, WA RHOESF wn-D) X +1; B, WHWEHES
u(n — D) -1, BPELsRuEN Y

uln — D)= +1, Fi,»p
un—-D)=-1, Fip<p
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BF Kalman 3888 804 HAO R AR EBGS H R SES M, FUX—H
5 R7 B I 88K 5 Kalman H455%. EE 4.18 B4 T Kalman H588 a4 E .

MEHATLEY, FERSTRE D HCEH Kalman JEHER

I
Enln) =Y Klyn+D-j) —y,(n+D—)+p (RH 4.18.6)
=1

AR, FEREAEDENTRRA MA RR, K MA 240k Kalman # 55 5% &
BRE.

Bl 4.18 Kalman #4588

—HHM y,(n) ATFRRE:

M
S hidiln— 1) = y,(n) — hop (B 4.18.7)

k=1

BR e RSHE R A T E RN AR BiF, B AR S¥CH BB ho, by, -,
YR

A FEHREHEMEN TENR Kalman 808 H, FRLIgaL - AR
REM MA B85, Kalman 347288 ARMA 8%, BITR—1 R s i
B REFHRAAEWEHRE.

(1) M x 1 ZE{FE M B & b

(2) M x 1 4 Kalman B m# k.
TEEE,
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M 4.19 (1) R J(») MM THLRAEGHE, 5

_ BJ{n)  Ble(n)]? Je(n) SwH (n)w(n)
Vi = Geohi(n] = Be(n) Bwhi(n) T Buwh(n)

= e¢"(n) [—u{n)] + aw(n)

HABE TR, BFEHFAR

win + 1) = w(n) — uV{in)
= W{n) + pu(n)e” (n) — paw(n)
= (1 — pa)(n) + pu(n)e* (n)

IXEIER T R (B 4.19.2),
(2) LAPABERIAE, HA AR, B

Bl + 1)} = (1 - pe)E{(n)} + uE {uln) [dn) - 2" (mu(m)]'} @ 419.9
P 58 M SR b
Jim E{d(n +1)} = lim E{w(n)} (BE 4.19.5)
FREAXTS (B 4.19.4) PIHURIR, 316 O 4.19.5) R, W
Jim E{@(n)} = (1 - pe) lim E{d(n)} + ulp - R lim E{e(n)}] (& 4.19.6)

AF R = E{u(n)u(n)} BRLHA MR uln) BHXEERE, T p = E{u@®)d* )}
AR R uin) SHAEWE d(n) 2 EAEXE .
X (B 4.19.6) LA, HER %

(R+ el lim E{@(n)} =p
FIEETHER lim E{i(n)} d#, Wt (F 4.19.3) B,
XERFERL T &SI R AHERA.

B4.20 (1) MR, £HPRNEc, W ERE T HFARABY RS
tH AE B =,
¢, = arg min E{[eTy(n)]*} (BH 4.20.1)

AR EH
¢, =8 +U,w (8% 4.20.2)
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A E{lefy(m)’} RAL A PR S HER.

BHTHAMTHRERPNE, s, WRTESTZER, U, BTHFER, BFUEN
ZAFEIEZR R, BH sfU,; =0, XK, AHAMHX (B 4.202) Tt
IEX . MBI TREE, RITE

w(n +1) = w(n) — uV,E{[e] (n)y(n)]*} (R 4.20.3)

A VuE{[el (Wy(n)} RARFKELHE, B

Vil (MY} = gz Py}

wT(n)

= 2E{[s, + Uw(n)"y(n) - UTy(n))

FIRREHE (R RIRE, FH4 2(n) = [8, + Usew(n)] y(n), BIGERATEERE
Vu = 2[8; + Uw(n)]Ty(n)U T y(n) = 22(n)U7 y(n) (BH 4.20.4)
F&, 5 (F 4.203) MW LMS HENHEEY
win+1) = w(n) — 2uz()UT y(n) (i 4.20.5)
& B RlE o FEERNERAXN
elfn+1) =8, +Uwn+1) (BE 4.20.6)

A, (& 4.20.5) f=X (B 4.20.6) — &AM T £ H P Rmlssng LMS BiENH .
(2) & K x K H

R, ¥ E{y(n)y" (n)} (& 4.20.7)
ERMUBIER R y(n) & QAHXER, HIFTEESIRY
R, =UZUT (B 4.20.8)

WA U =[5, U] WOKEEARTZ M, HF s, WEESF=ZE, W U, BRT
HFZEE, FxL, P, yn) BARAMAEERE vn) EETFERMER, B,
y(n) — P, y(n) AR EWNEARE R Py 2H 8L, T2, THARTE
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i(n) = y(n) — P, yln)
(n) — a,(8y,8) ‘8] y(n)

=y
=y(n) — 8;8{ y(n)

APEAT BMRBERM (5,8) =1,
EBEITE sTy(n) =y (n)s;, FFUTHAEREY

i(n} = y(n) - (y" (n)s,)s, (RE 4.20.9)

—HYHmBHEHE, R EER X ERE

N
R, = % Y in)iTn) (R 4.20.10)

fn=l

HE K < K EMXHEME R, 2R, BIXBL K, T R, B8N K -1,
By THESHoMERT .

R

(1) ZH AR LMS BENAEER (B 4.20.5) f=X (1 4.20.6) HR.

(2) FHEME U, dBARER R 5 K -1 D ROCHRITE A X AR 3t
A 26 A

Mi4.21 BPEERNEL FH

Xl,k(n) = [z_lm(n')a e fz_k$(n}]T

0 0 .- o ]
z(1) 0 .o 0
z(n—-1) z(n—-2) - 2z(n-k}
o w
hxo,k-q (n—1)

AN (B 4.21.1),
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¥EIEHMR (F 421.1) RARBERNE LA, B

P y(m) =X 1 o)X | g(n), X 4 (n)) 7 X7k (0)

o O O A A O I
 Xop(m—1)| \ [ Xge1(n—1) ’ Xop1{n~1)

T
0

| X o5 (n—1)]
_ or

. T
_ _ a0
= _xn,k—1(n _ 1}_ {Xﬂ,k—l(ﬂ‘ 1), XO,A-.—]( 1)) [XU,k—l(n —1

|0 of_, ]
_Uk—1 Po,k—1(n—1}

EEIER T (88 4.21.2).
BB 4.22 & 4.22.1) 3 n—1 GRWGAME, HD

Pi;i(n-Dz7z(n-1) =el{n-1) (BF 4.22.3)
HE. EEEF
zian — 1) =277 1p(n) (85 4.22.4)
e(n—1)=2"'eb(n) (B% 4.22.5)
XA
Xooiln=1) =["2(n -1}, -, 27 an - 1)]
= [z e(n), -, 27 x(n)]
=X1,(n) (B 4.22.6)
B LA

Po,j-l(n -1 = XU,j—l(ﬂ' - 1)(Xu,_f—1(“ - 1)=Xn,j—1(ﬂ- - 1))_1)(31,;;_1(?1, —1)
= Xl,j(n)(xz,j("):X:l,j(”)rlX'lI:j(n)
= PL,;’(“)

NTIE
Py;_(n—1) = P;(n) (B 4.22.7)
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W (T 4.22.4), & (BE 4.22.5) F1=% (BE 4.22.7) — AN (8 4.22.3), B3z
(B 4.22.2). iFHe.

# 428 EEI 2 o) =[0,---,0,0(1),- 0(n—B)|T, HiE

(L) B
: o] 4
v(2) = v(2)] [2]
] [«
v(3) = |v(2)| = |2
_U(S)_ 4
(2) &
e O] [0
27re(2) = _U(l)] = [4]
o e |0
2 *w(2) = _U]
(3) H&
01 T
" w(3) = [v(1)| = |4
_'U(Q)_ _2_
o1 I
3= 0 | =]o
v(l)_ 4]
(4) &I F
w(2) = 2 'o(2) = L?l)] - !ﬂ
BEBERES

P,(2) = u(2){u(2),u(2)) " uT(2)

-HEm T
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K, |

P,(3) = u(3){u(3),u(3)) 'u'(3)

i

=10 08 04
0 04 02

(5) 1T/ u(n) —FWETHN v(n), & Py ,u(n) = Py (n) = P,(n), B

o(n) = Py jwi(n) = P (n)v(n)

B
oy [o o] [4] Jo
0(2) = P,(2)w(2) = o 1] H = H
0 0 o] [4 0
9(3) =P,(3)w(3)= |0 0.8 0.4} (2| = |32
0 04 0.2 4 1.6
(6) A iR 2 e
€l(2) = v(2) - B(2) = ;1 —-[2] = E
4] (o] [ 4
el(3)=v(3)-a(3) = |2| - |32] = |-1.2
4] |16] |24
%
(1)
7 4
U(2)= ]5 v(g): 2
2
- 4
(2) & )
2 Tu(2) = ﬂ . 27(2) = I:{D}]
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(3) &
0 0
2 'u(3)= 4], 2 %(3)= |0
2 4
(4) BRI
(6 0
Pu(z)_ -0 1]
0 0 0
P,3=1[0 08 04
0 04 02

(8} v(n) BY— 2B AP TR 4
v(n) = P,(n)v(n)

(6) HrE MR EZ A &

e (2) 1

4
e(3)=1-12
2.4

M 4.24 AR

(2, Pis ) = {z, Phy} - (z, Phu)(Phu, Piu)™ (u, Phy) (8 4.24.1)

() EX (@124 F S 2=y =2®),U=X, ,(n) # u=2"""xn), N
3!

Pyy = P{,z(n)

PHu = Ptmz_m_lm(n)
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MAERRREEEH R, X153

(2, Pyu) = {z(n), Pi,, (n)z™" " e(n))

= (P (Ma(n), PL, ()2~ 1a(n))

= <Pij_,m(n)m(n)1 z_IPal:m—I(ng_mw(n))

= {em(n), 2 en, (n))

= dm—H (ﬂ)

(P, Piu) = (P (n)z"™ " a(n), P{,,(n)2"™ '2(n))
= (7 Py (m)@(n), 27 Py, (m)2(n))

={z""eh,(n), 27" eb(n)}
— b n—1)
{u, Py} = (2™ a(n), Py, (n)z(n))
= (P{m(n)z"" x(n), Pi,,(n)x(n)
= {z""ep,(n), el (n))

= ‘dm-i-l (ﬂ‘)

(B 4.24.2a)

(H 4.24.2b)

(B 4.24.2¢)

A (B 4.24.2) A (BE 4.24.1), BIVW] B 348 31 1o T0 R 22 85 6 00 e

EFalH

_ A% 41 (n)
m+1(n) E‘m(ﬂ) E—"('i:_—l'j'

‘ @)X @44 FE z=y=2>""""z(n), U=X, ,(n) #lu=a(n), WE

(2, Pu) = (=™ "), P (n)z(n))
= Apyi(m)
EEMEAT A (8 42420) AR, B—HE, #
(Phu, Pluy = (Pi,a(n), Ph(n)e(n)
= (@(n), P (n)e(n))
= e (n)

{u, Pyy) = (@(n), Pi,,(n)z"™ 1e(n))
= A, ()
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BT Bk s

B (B 4.24.3) AN (B 4.24.1), FrmpligsE, AEE

‘dgn—i—l(n')

Eil?n—i—l(n) = Eht(ﬂ‘ - 1] - Egn(n)

XN SRR T 4= ey B R4 1EBE.
M 4.25 4% IR I SHNEM 4.25 iR,

A P 3 so(m)
z{n) &
‘_ﬂ'l —n

(+) i 27
i o~ 81(n) () sg(n)
82(n)
ra(n) r1(n) ro{n)

B 2! D z7?

B 4.26 #%%8 IR EES%

b, BMRER IR EESHFEMEEREFERMAR. LEATEEEESS
Hy(z) BIAAR o(n), 8H so(n)s T FHEATFEEIIEHEES Ho(2) BUBRACY so(n),

H R sy(n).

B BIRE 4.25 4 5’5 g BRI AR H, (=) M Hy(2) ff At r a5l

8o{n) + ag(1 + ay)sg{n — 1) + a,8y(n — 2} = z(n)

so(n) + ko(1 + ky)sg{n — 1) + k 5p(n — 2} = s,{n)
KB, Z BHEAH

[1+ap(1+a)z +a;27%] Sz} = X(2)
[1+ k(1 + k)27 + K 272] Sple) = S,(2)
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Hit, A EEEESRIE SRR RN
def Sp{z) 1
Hi(2)'= )([')(z) C 14ag(l+a)z! +a,z72 (&R 4.25.1)
H,(2) % 228 =14+ ky{l+ k2™ + k272 (& 4.25.2)
Bl LS AN TR SRR R
def S3(2)
H(.Z) = 7(2@:7
— S_z(i) Solz)
Sofz) X{(z)
= Hy(z) H,(2)
14+ kg{l R+ kg2
T+ az(l + ai)z'l + aiz“g (= 4.25.3)
W H(z) M5 N
142271 4272
& = T80, 17 089: (B 4.25.4)
Frie X (fF 4.25.3) fi# (B 4.25.4), BT &M
kol + k) =2 Kk =1
ao(1 + ay) = —1.89, a, = 0.89
2, BIRA IR BESN2HMT.:
k=1
k=1
Y (B 4.25.5)
Gy = —1
a, =0.89

=¥ HAEE IR B NEE 4.25 iR, HE8 v k=1, &k =1/

ap = —1, a; = 0.89,

4.26 2 gAY B (0 4.26.2) 50, BARUAR wopn (n) FEB BN TN

B PG HR 2

e(n) = §(n) - d" (n)thopu (n)
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b8
() = E{e*(m))
= £{ [30) - " (W) 0gps )]}
= £ {[4700) (o (1) = @opur ) + e )] | (& 4.26.5)

m IEE"C“EE]E.@{EH, E{e(}pt(n‘) [woptl(n] - ﬁjoptl(n]]} =0 ﬁ eopt (n) 1 [wuptl (ﬂ‘) -
Wope ()], FIHX—4R, HIEDER (B 6.26.8) Fm A

'f(“) =E {[maptl (ﬂ’} - ﬁ’optl (n)]Td(n)dT(n)[woptl(n) - ﬁ"optl (n)] + Emin}
=E {”wapt.] (n) — ﬁ’optl (n)“2“d(n)“2} + £in (& 4.26.9)

B U R R B S A
£(n) =tr [B{ [0p0 (0} — gy ()] [Woapns (1) — Wy ()] "}
E {d(n)dT (n)}] g (1§ 4.26.10)

ABMPRASRBIGE (n+1,n) B8 XK @ 4.26.3) MBMPRKSREMXIERE
K(n,n— 1) FEXA (& 4.264) A, HAFEFEERT wepn(n + 1) = wiy(n),
HERAETHRIEFRRAD, B @opn (n+1) & Bop (n), WTTATRIER (B 4.26.4) BT
HAR SR B KR FRE LI 1R

K(n+1,n) = E{ [Wopes (1) = @apa ()] [Wepur (0) = Bopa )] ™} (B 4.26.11)

4
R,=E {d(n)dT(n)} (5 4.26.12)
M EERAE T .
&, = ?1; 3 dik)d (k) (B 4.26.13)
k=1

B 4.26.11) fIzt (B 4.26.12) fAR (B 4.26.10), WH
En) =tr{K(n+ 1,n)Ry] + &nin (BT 4.26.14)
EEIMTESRN n, B B~ R, BIESR (08 4.26.7) TREE

K{n+1,n)=£,, Epnd +nRy) ™ (B 4.26.15)

p
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WA (B 4.26.15) fRAR (BF 4.26.14), N

£ln) = tr [ﬂfmzn(fminf -+ an)_le] + £nin (fX 4.26.16)
) P 3 A R
1 [€min(Gnind + 1Rg) 7 Ry] + i St [Ergian ™ By Ry] + £
(BR 4.26.17)
= (B 4.26.16) f1=X (KH 4.26.17), &
&(n) < erl€mimn I+ £uin (iE 4.26.18)

AP I R—1T NxNBBRMERE, FE o] =N, B4R, X (8K 4.26.18) vk h
Em)S{(1+n N .. (EE 4.26.19)

RERFIERBEIEHNASK, L.
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AENBERFESHRHEIT T S5ABE0ELR. ERNA. B§% i
., RREBEAENESEHIOTROEN, Fa3RSEnBeEER. RE,
BETEN RABNFEE/DMILRENIA, EHKIUEHENBERNERS
ik N

5.1 FEREWSHZE

9.1.1 ¥5FERR
1 B RS RE
HEFUTEX.

FIFIER B (E4E R 3D

#(w) % Bfeiv) — f; f@)e v de (5.1.1)

BTAFEEY (RAEAEREE)

def

() % In B(w) (5.1.2)
SR - 1 k P
me = Biz) = () T2 et .13
o
BHLASE o 8 k B AR
cwﬂﬂfdﬁﬁﬂdeﬂfﬁwm (5.1.4)
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2. ZTEYAEBNESRHE
FBRETERK

Blwn, - ywy) T B et rzo]

o0 oo .
= I_w N \Jloo f(xls vea 137:)81 (wlwl‘l_wkzk)dxl -+ dxy,

B _BSHERE
Plwy, - ,wy) =In Swy, - ,w) (5.1.5)
BEHE
k ean
my..q det E{z, - 2.} = (~j)* 4 9;(:’11: .u;wk) et (5.1.6)
B SRR |
k e
1o Heumtay, o) = (-t T ey @17
3. VIR {«(n)} WESEHE
k B8
My (e, Teen) = E{z(n)z(n + 1) - z(n + 1)} (5.1.8)
A
sz(Tl e !Tk—l} = cum{a:(n), :n(n + T]), v ,11?(‘-'1- + Tk—l)} (5.1.9)

4. REEBSEMNXR
BUE {z(n)} RYEAFHEES, U=, =, WHBRESEZ MLEDT.

2o () =E{x(t)z(t + 1)} = A, (7)
€32(T1,T2) =E{2(t)a(t + 7y)e(t + 1)} = mg(ry, 7)
€42 (715 T2, 73) =E{2(t)z(t + 1)2(t + 1)t + 72)} — B (1) R, (13 — 1) —
Ry(1) Ry (13 — 1) — Ro(m3)Ry(7a — 1y)
=15 (71, 72, T3) — Ry (1) By(1g — 72)—

R (1) Ry(ry — 7)) — R (r3)R,(m — 7}

c e
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FuH, FHEMBILTEN . ZRREBLE . ZHESHh. SEARXAH
T 2 ERREEREEMTRAK.

5.1.2 ESRABLER
MR L % AW, o AR, Hdri=1,--- %k W

k
mom(A;xy, -+, Apzy) = HAE‘ mom({z,,- -+ , ;)
i=1
k
cum()‘lmla U ?)‘kzk) = H )‘i Cum(xh e rmk)
i=1

w2 EMRRERTEMRNETESHRE, B
mom{a,, - ,2y) = mom(:t?,;l,--- 1mih)
cum(ml, - ’;gk) — cum($i1! - 11-{,“)

FoA (i, 1) B (1,2, k) B9— 13RI,
B3 ERRREAENHASTRAETIE, B

mom{z, + Y1, Loy ** 4 Ty}

=mom(x,, Lo+ ,2;) + mom{y,, Tq, « , )
cum(x; + Yy, Lg, 0 4Ty )

=cum(s), Lo, - ,Tg) + cumly,, Tq, -+, 2y)

WH 4 EREVVER {=,} f {y,} gEitsr, MRBEEAA <BRAfE”, B
cum(z; + Yy, Ty + yp) = cum(zy, -, 3) +cum(yg, -,y (5.1.10)
ERbrE—Ra LA, B
mom(z, + ¥y, , T + ¥p) £ momisx,,--- ,z,) +moml(y,, - ,y) (5.1.11)
Wi S5 MRk AHEAER {2, -, 2.} §— T FREERMBIRL L, 1)

cum({e,,---,%,) =0

mom(‘rls e szk) # 0
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MH 6 Fol—4¥H N

cum(z, + o, %y, -+ , L) = cum(z,, To,- - ,T;)

mom{z; + a, Ty, -e- L)) 7 mom{z;, 2y, sﬂv'k)

8.1.3 Wi

1. Bl
Moy, ywyy)
0 oo
fod Z S Z mkz(Tl’-' . ?Tku—l)e—hj (W1T1+---+Mk-—1fk—l)
,=—00 T =—0%
2. B REEE
Sga (o, sy )
oo o0
= Z T Z Ciz (Tls tt Tk—l)e_Lj (wy 7yt Tems)
T -0 T 1 =—00
3. Bk

= R RAOMLE (R AR a TR, B

o0 o0
Bylwiwn) = Y Y egu(m,mp)e i imteamddr dr, (5.1.12)

7= =00 Ty=—X

A1 GE—REY, B

Bz (Wlsw2) = |Bz(w1=w2)|ej G (i) (5.1.13)

;;tl:[:l |Bx(u1,w2)| 1 ¢'B("-4-’1=W2} ﬁ%ﬂfﬁﬂﬁﬁﬁ*ﬁﬁﬂ*ﬁﬁ.
W2 IOERIEAMMER, PSRN 2n, B

B, (wy,ws} = B, {w, + 2m,w, + 27) (5.1.14)

A 3 SGERA T MR

(

= By (—wy, —wy} = B;(—f-‘-’zs —t; )

= B,{—wy ~wy,wy} = B {w, —w; — wWs)
(

= B (—w; —wg,w) = B {wy, —wy ~ wy)
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—_TT \
5.1.1 TR R X,

4. TR B

PR HEESESR K B, BBEE M PUEEEAE, iBfE =% 0),20(),---,

s ®(M 1), HFf k=12, K, & XEAGHRHMEIEZ HAHS.
T2 {FHEEE Fourier 8t (DFT) &E
1 AM—1 .
xX® ) = i Z x®) (n)e 3 2mA/M (5.1.15)
n=0

AHA=0,1,--- , M/2k=12-- K,

$® 3 HHDFT £HW=EHL

L L,

. 1 & . : .
BGod) =2z 3, 3 AP +XP0 +i)XP (A =2y -y — i)
‘ fi=—L; ig=—L,

k=1,2,“' ,K; O’(Ag(ll, }“1+)"2<f8/2

Eqﬂ A(} = fsto, m Na. Hi Ll @ﬁ%j’:ﬁﬁ!@ M= (2L1 + I)Nu Eﬁﬁ
TR 4 FEHEE <0),2Q0), - 2(N ~ 1) BOREHETE K B G TS

fEes, B
K
R 1 .
Bp(w),wy) = i Zbk(wl'lwz] (5.1.16)
k=1
A, y o
27[ B i B
W = —2X;, Wy = A (5.1.17)
1 NQ 1 2 ND 2

5. XUEAE T MEek
PRI KENEESN K B, SBE M THEE,
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S % 2®0), 2B (1), 2O (M 1) HE & BYEE, HHERH=HA
FLR B A5 TH

1

M2
By =57 Y PP+ n+h), k=12 K (5118
n=—AM.

AH M, = max(0,—i, - My =min{M - 1L, M —-1—4M-1—3),.
T3 BEFRBER BB T EE A M REEE AN = R RS
i, AP

K
eli,g) = = > (i, 5) (5.1.19)
k=1
TR 4 R G
Bpy(wy,wy) = Z Z &4, Dw(i, Ne i tattwd) (5.1.20)
—Li=-L

RHF L <M -1, T wli,l) A4 EEHHE
6. S R B0 R AR g

(1) w(m,n) = win,m) = w(—-m,n —m) = wim—n, —n);

(2) wim,n) =0, F (m,n) LT BEHBEHE &, (m,n) BERESN
(3) w(0,0) = 1 (H—4L &)

(4) Wiwy,wy) 2 0,¥(w;, w,).

7. R EE R

2Rz
1), mm |m|) m
—|sin—|{1—- "= ]cos~——, |m|<L
dopt () = “| L ( L L I (5.1.21)
09 |m| > L
Parzen 8
2 3
1—6(@) +a(l—?—‘) . m|<L/2
3
easen(m) =12 (1 - 121, L/2 < |m|< L (5.1.22)
a, |72} > L
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Rzl

47
, 30.° o] < Qg
4 uniform (w] ’ ’-‘JE) = 2
03 |E‘L‘r| = QD

AH, Jw| = max(ju |, jwa |, wy + wel)y B Q= ag/L, T ap —H ¥
5.1.4 ERHESSBRHES

(5.1.23)

FoHHEMERESRENFINOEE, BERGSRESTTHHEE.

1. BB
S, & E{«3(1)}
2. W
K, ¥ E{z'(t)} — 3E2{22(1)}
3. IEAALIg
der B{z*)} o
* T B2 (1))
BT A 115 B A3

(1) EEFFEFHE S HRNES:
(2) BB /D TERIES LSS,
(3) BEXTFHNES HEENES.

4. H—Ab R
¥ def E{m4{t)}
= PR}
ETH-LEEREST K
(1) H—EFHT 3 WEREFESIAHRES:
(2) B—{biEE /N 3 LGS AN EEHES:
(3) H—{LIgEXT 3 WELES HBEMES.
5.1.5 Bartlett-Brillinger-Rosenblatt A=, (BBR %)

1. RHER BBR A

Coe(T) = Ro(7) = 0 i h(D)h(i + 7)

==

[
€32 (715 T2) = Vse Z h{D)h{i + )R + 7p)

i==oa

Car(T1s T2 T2) = V4o Z R(iYR(i + 7 )h(i + ) h(i + 73)

i=—00
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2. . BOEFM =M BBR AR

P, (w) = ol H(W)H" (W) = o} | H(w)[?

{(5.1.31)
B, (wy,wy) = Y3, H{w ) H (wp Y H(—w; — wy) (5.1.32)
Ty (wi, waywg) = Yoo H (w1 ) H (we) H (wg) H(—wy — wy — ws) (5.1.33)

5.1.6 FIR B4R

T HMHXEH (R) WREE (C) 16t FIR RESHMFTERF Y RC i,
1. RC K

(1} Giannakis-Mendel # 3k (9]

EHAEXERAN = ZHE

S B()R(m—i)=ey Y blidesy(m — i,m — i)

i=0 i=0
—gS<m<2g {5.1.34)

K €3 = 0-92/733-'
{3 P A 0% B0 BOFD PO By LR

Y PERm—i)=e,> by, (m—i,m—i)

=0 i=0
-—gim<2g (5.1.35)
=T €4 = 03/74-;-,«
B —TTIRTE MR R

(2) Tugnait i 12
SREBESL R

4 g
S B @)eg, (m—i,m—4) — > B @R, (m — §) = —¢y, (m, m)
i=1 i=()
—g&m< —1HMg+14<m< 2

Z Cay(i =, q) — [eb(g)] Ry (m) = —cay(-m,q), 1<m<yq

ft::':' €= 735/0'3-

PDF B *"# "pdfFactory Pro" $#%& =  www.fineprint.com.cn



http://www.fineprint.com.cn

PDF

5.1 TEWpSHE 227
(3) AERFRBI A%
EERREERYFHLEHAS
q
Culi) =waese () + Y wli)eg, (6,5)+
j=—q
q J
ST wy(i Deg (5.0 + -
i=—gqi=—q
ERET LAFRIR N b(3) # g,,(3) BOEAHE, BP
Cyu(i) = > bn +4)g, (n) (5.1.36)
n=0
R, g,(n) BTHERFH:
q g 3
gu(m) = wob(ny + 3 wa(Nb(m; ) + Y > wa(d, Hb(n;j, 1) + - (5.1.37)
i==q J=—gl=—gq
ERTHY MA BRE% b(0) B AL R ¥
K (5.1.36) MEM-—MEBERA N
¢, = Sw (5.1.38)
HERBEBYFEE (v IFHEER)M
T 1 RFE (5.1.38) M BR/ANEER
w = Ste (5.1.39)
Her 87 = ST(88T)~' BAERE S g B/ ERONER, He=[0,---,0,1T,
T2 HE MA B0 = C, () R
b= Sw,, (5.1.40)

5 L =Fr R B A RPN R A RS T, RFETE AT R

B FIR RE 2.

2. RE&E% 1
KEGEFTR

&
Z b(t)c:;-“i(Q-Jz - T) = Cky(T) 0)0253("1: U)Ck-y(Q: Q)s T=—q 0,--- ¢ (5141)

i=0
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M it 53 4

Z bk_l (i)cky (Q??’. + T) = cky (Tr OJCky(QJ Q)/Cky (Q1 'D)

i=0

T:_q’--;_"},.-.,q

3. MA Br¥wgE 1481
sy RUr B RERE

cky (050) Cky(lto) e Cky (QB?D)-
ey (1L,O) o ey le,.0)

CMA,e -

_cky(QEz 0) U

AH g > q, W Cyy . WERET g+ L,
MA Brf#sE ik L FIA SVD B O IR RER.
MA FrEwE Tk 2 ¢ B E &1

Cg;+l(m10)?(_-0, m=12,---

H R AR,
a.1.7 HE ARMA #EI#A

L. AR &%kt S e
{EE Yule-Walker 7778

P
Za(i)ckz(m —4,n)=0, m>q,n

i=D

#1F Yule-Walker 772

Iy
Y alieg(m—in)=0, m=q+1Lq+2.---,g+p

i=0

n=qg—-pg—p+1,---,q

By R/ B — A AR B

(5.1.42)

(5.1.43)

(5.1.44)

%M1>Q+1_p; M2>p! Nl<q—piFHN2>q, il MQ(N"_}"_Nl"'l)XMQ:HL
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B RERERE

£ (M, NY)
Ckz(MrpNz)

Cra (M) + My, Ny)

_Ck;c (‘Ml + ﬂ’TZ'J NTQ)

HIRETF AR I EL p.

Cpp (M + My — 1, N,)
Cro (M + My — 1, N,)
ckx(Ml +2M, — ].,Nl]

Ukm(Ml + QMB - laNE)

2. RTEHEMN AR 288 SVD-TLS #
FRL M My(N, - N+ 1) x M, FREBEARREEE

B, (M) + My~ 1,N,)
éra (M) + M, — 1, N,)

Ekz(Ml + 2M2 - 1>N1)

| Cre (M) +2M, — 1, N,)

6kz(MliN1)
ékx(Mth)

63:::(M1 + M‘zaNl)

Cpn (My + My, Ny |

(5.1.45)

(5.1.46)

HHHERHFREMME C. =UDVT, FiEsK V.
T2 WEEME C, WHEE:, T4HE AR BrEEH .
TR3 HE (p+1)x(p+1) 5

 My-p

S =33 aviep)”

=1 =1

(5.1.47)

HAf vl =i, /), v(i+1,5),- - vl +p, DI, T v6,5) BEEV WE 7. 855
K.
T4 RER SY R STP AR 2R R KR S R H TR
Bl
a(i) =8~ +1,1)/8 P (1, 1)

Hep 706, 1) RBHERE S B i 7. B 1 AR,

(5.1.48)
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3. MA XUk SR &
FRZ0T (] 73

g(n) = za(t)m(n -1+ zg (Dv{n —i) = Zb(} Je(n —7) + ¥(n} (5.1.49)

1=

5.1.8 RiFEHIRFAR
HF—-BAEHEREELR, HERRHERE LY

cax(7) = E{z{n),z*(n — 1)} (5.1.50)
Cap My, Mg} = 0 (5.1.51)
€4z My, My, m3) = cumfz*(n), 2" (n + m, ), z(n + m,), z(n + my)] (5.1.52)

L BB i 2
AR o(n) = za o ) BERIAY by = ¢y + 6y T wy = wy + oy, W

%ﬁﬁ&ﬂﬁﬂ_&ﬁuﬁaﬁﬁ
MR GEE R R = R E SR

Csa (T, T2) = cumfz* (n), x(n + 1), 2(n + )] (5.1.53)
L XGHEFM R E
€3, (71, T2) = a3 [ej (imhuama) | ei(“’2’1+“’1"2)] (5.1.54)

T H A E X cum[z(n), z(n +my ), 2(n + my)] fl cum[z* (n),2*(n + m,), z(n + m,)] F
N8 & FF.
X (5.1.54) #H47 4k Fourier F#k, B WM HE R T BE TS N

B (M, h9) = arop03[8(hy —wi, Ay —wy) + 800 —wo, Ay — wy )] {5.1.55)
AP
o 1, i=3=0
5(3,3) = (5156)
o
ot BT 8
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7 (5.1.55) FRHA, A B, (A, A) TERR (wy,wy) F (wy,w,) BARHEWIRE, T
TERAAMBAMESET L. X LIRSS B RERR, MAETURE
— AR IR A KA (R A 2

2. VAR A RN

AT R o(n) = D 0y m 00 PR Kl &y = ¢ + dhy + dy Ml wy = wy +

i=21
Wy g, TIBRHE B R SRR G SR,

HFSRAE SR A, AR (5.1.52) B4R ES TR UL RER. X

i, 2 AUR A TR A R

Cap(Tys Tos T5) def cumlz*(n), z{n + 7 ), z(n + 7} x{n + 73] {5.1.57)

RIEX (5.1.57), TLIR = HAH o i Ay WEy R E Y

Ciz (Tl 2 T2 1—3) = c“luzﬂﬁsmz [e} bam b tatista) + el (waTitwy TotuiaTy)
¢l (Wi Ty tuwgTatwaTs) 4 o) (weT Fwerpbwimg) o

P (g 7y g Ty tuigTy) 1 of (wam +‘-‘-'2T'2+‘-“'11'3)} (5158)
$ 4 Fourier )5, BRI PR IIRN =Y

To(Ayy Az, Az} = apagoqal[6(A; —wy, Ay — wy, Az — w3+
0(Ay — wyy Ay —wy, Ay —wy) + 8(A —wy, Ag — iy, Ay — w )+
8{Ah —wgy Ay —wy, Ag —wy) + 80 —wyg, Ay —wypy Ay — w4
O(A) — wa, Ao — o, Ay — wy)j {(5.1.58)
AN =38R (w), wo, wa) RHEARR & AP HERE. X —EEEER TR KRR i
B BEE A=W HME SR,
THMERFS, HiEET RN RHEREE 2 Y, ERREARNES
HATRFMN R ER L. FAMNTSE RS EEOIET M RE W12,
3.1.9 FHEREPLIESERE
R IEEE

P
z(n) = > o ante) {(5.1.60)
i=1

AP ¢ B [-nn] W RSAEMR LM IR, WH AHESRHEEHT R
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PR A

1

R, (r) =Y oy |?ee" (5.1.61)
k=1
el
r
cdr(TlaTm TS) - - Z |C'f.r¢|4‘5'j[“'i'i (7 +ratrs) (5.1.62)
k=1
i
HFEEBEES
P
2(n) = 3 _ ay coslwxn + dy) {5.1.63)
k=1

A ¢ ABIHHHRA Ul-n,n), Ha, >0, 0 x(n) # B HEE KRBT RH
B A

P
R, (1) = % z a} cos(w,T) {5.1.64)
k=1

€42 (T1: 72, 73)

1 r
= — -S- Z C!i[COS(Tl — Ty — T3) + 005(7'2 —T5 = 'Tl) + COS(T3 =T — 'rz)] (5-1.65)
k=1

i 2 (5.1.52) AR B EHIERIR =(n) OB BEBERX AR ey (7) =
Cax (T, T T) Iﬁj%_-i{ﬁig.ﬁﬂﬁ

E(n) = i o |Ped (umten) (5.1.66)
k=1
B B X RS (HEMAR—15), T (5.1.63) F XM EERERE S 2(n) 65
PURT REEAT A YA NS EEERES

P
Fn) = z o} cos(wen + @) {5.1.67)
k=1

BB HEXRESH (AREE-MEEAREAET -3/4).
1. BiFEEEHEE Yule-Walker(MYW) &

»

> ali)ey,(m—4) =0, m>p {5.1.68)
i=0
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FEAE & TR
1+al)z '+ - +alpz?=0 (5.1.69)

FIRR 2 B BT AR R AR i
2. JIBEMESH MYW Jrf

2p

Y al)es,(m—i)=0, m>2p (5.1.70)
FIE 2 T =
14+a{l)z7t 4. +a@p)z 2 =0 (5.1.71)
IR b T R a3 R A T,

3. F ik 5.1.1 AERHTRAFIEMRERNIBE L B

Y% 1 A SVD-TLS HL BRI y(n) W= BFRR o (r, =) fHiHIE
BHT ARMA MR AR Fr¥n, A1 AR 230 6(1),5(2), - ,b{n,).

R 2 [\ AR 230 6(1),5(2),--- , b(ny) XMEE y(n) #HITIEE,
B3

ii(n) = Blg)y(n) (5.1.72)
FHI Wi
_Rg(qe +1) Ry(q,) - Rylg, —p. + 1)]
. Rila. +2)  Rylg +1 R (g, —p, +2
R - ,,(q' ) y(qr ) (g _p ) (5.1.73)
Rl +L) Rylg.+L-1) - Rylg, —p +1L)

FHH p, > 2 # q, P p, +ny, UBREHA QARER R, FH 208 2, 348 A SVD -
-TLS FHEA T EAR 2(n) 89 AR B o(1),a(2},--- ,a(2p).

$3% 4 RIFEEZTR A =1+a{l)z 7+ +a(2p)2"* =0 9 2z, FH
TARIFE G SHEE (HIRIEHE).

1
Wi = o arctan[Im(z;)/Re(z;)] (5.1.74)

4, % 5.1.2 Wi ESPRIT ¥k B

F3; 2 (WAEITEM AR BAEE) B SVD-TLS HERZEHE ¢, (11, 7)
fHitIER AT ARMA MEFSRY AR B3 n, 1 AR 280 5(1),5(2), -+ , b(ry).

1 "4 "pdffactory Pro" $#%& =  ww.fineprint.com.cn



http://www.fineprint.com.cn

PDF

234 Bb5E ZWEitadw

T3 (M) ARG AR 28 b(1),5(2), -, bln,) TR (5.1.72) 2¥0H
AR y(n) FEATIRE, BEBREBERNERE §n).

TR A (AHEHERE) AT EIRRTRAY B HXRE Ry (r), T H
HEH

[ Rym+ng  Rgming+1) - By(2m+ng—1)]
Rim+n,—1) R.m+n) - R.(2m+n,—2)

Ry, = | % A e (5.1.75)
| R!’-,fnd—l- 1) Rg(nd"'z) - Rﬂ{ﬂd +m)

Al
Rym+ny+1) Bym+ng+2) -~ R(2m+n) |
Rg(m+n,)  Rgm+ny+1) .-+ R(2m+n,—1)
¥ d d

Ry, = : T pem e (5.1.76)

i Rﬁ(nd+2} Rﬁ(nd +3) e Rﬁ(nd+m+ ]_)_.

P 5 (BT TLS-ESPRIT 33K) WH Ry; WERMESE Ry, = USVE,
TR HAR, AR 4T, 5 dAAREREN RS, A R R
BREEEFFS U, V) M 25 KRG, HHEBE {2, UIR,, V,) &y d P
B HHEE 770 o7y WIS

1
Wi = on arctan(Im(y;)/Re(v;}l, i=1,2,--:,d (5.1.77)

M.
5.1.10 ETHERRAENBEEEE

1L BT =k RHEESY RLS A#F WHEE
& AR Z P e R s, B

2

5, (k) [:c(k) =3 w(k - ) (5.1.78)

i=1

I
NE

I3
k

[
_

I
NE

85 (k) [x(k) — wla (k) (5.1.79)

E
Il

1

¥ "4 "pdffactory Pro" $#%& = ( www.fineprint.com.cn



http://www.fineprint.com.cn

5.1 =EEwSHk 235

Ao
M
s (k)= Y Blmyz(k —m) (5.1.80)
m=-M
W= [wy, Wy, W] T (5.1.81)
H A(m) h—EHHL.
S INAGR 2 R/ AR IEIE 38 % Wiener JBUE2E, B

w{n) = C *{n)e(n) (5.1.82)

N
C(n) = AC(n — 1) + s,(n)z(n)z" (n) (5.1.83)
e{n) = de(n — 1) + s (n)z(n)eT (n) {5.1.84)

X3 (5.1.83) ML Bk YG |, Efv53 RLS HEinT @,
#6513 ETZFrRHARMN RLS BN HE
w¥EAL

P(Ny) = C7HIN)

T k=Ny+1L,N,+2,-

M
so(m)= 3 Blian+i)

i——nAf
s (n)P(n — Dz(n)
A+ s (n)z" (n) Pn — Lx(n)

a(n) = z(n) — 2" (n)wn — 1)
w(n) =wn — 1)+ K(n)a(n)
Pn)y=2"'Pn-1)— A K(n)z2T(n)P(n-1)

K(n) =

2. B EATHAER A B EE
F B e TR

M’[ﬂ =r (5.1.85)

HEARITENERBERIIA B TERER Z, WREM M fiqE r 4
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AR
M=2Tx (5.1.86)
r=2"y (5.1.87)
AP, X Ay R AELEFABIREENEEEE, W Z oM RER,

HERFRR: 8 M =2"X f0r = ZTy 230 AR MRAT G, XBE—K, B
A TE 7R AT B/ TR Bl A R

w=(XT2Z2TX)"1XTzZ"%y (5.1.88)

X LS BN A B B AR,
KA E R B (5.1.88) M HENEE T 19,
k514 BERMEMEITE (ORIV) B

a1k
S5(0) = P‘[I2q+1 i 0] (2¢+1) x (3g+ 1) XipE
c(0)=0 (3g+ 1) x 1 [T
P(0) = M_grzqﬂ (29 4+ 1) x (29 + 1) 5EpE
w(0) =0 (2¢ + 1) x 1 (A1
FEFF k=0,1,2,---
z(k+1) =[xk +1),2(k +2), - ,z(k — 3¢+ 1)]T (3¢+ 1) x 1 [
ylk+1)=[2*(k—g+1), -, 22k -2¢+1) i 2(k —gq), - yolk — 2+ )T
(2¢+1) x 1 E&
vik+1) = S(k)z(k+1) (2¢+1) x 1 g B
Sk+1)=ASk) +yk+ D2T(k + 1) (2¢+ 1) x (3¢ +1)
Ak +1) =[pk+1) | glk+1)] (2¢+1) x 2 5H[pE
Blk+1) = [—zT(k+1)z(k+1) A‘ 2 2 4
A 0
Kk+1)=Pk)Ak+1)[Bk+ 1)+ AT(k+ DP(E)Alk + 1)]!
(2g+ 1) x 28 fE
Pk +1) =A"2[P(k) - K(k+ 1) AT (k + 1) P(k)] (2¢+1) x 2¢ + 1) B
2T (k + De(k)
u(k+1)_[x(fc~q+1}] 2x 1 A
clk+1) = delk) + z(k+ Dz{k — g+ 1) (3g+ 1) x1 i

wlk+1) = wk) + K(k+ Lfu(k + 1) — AT(k + Dwk)] (2¢+1) x1 g8
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3.1.11 HHEfEit

1. "X HEMHE
ZEWTZRSBEREER EINREEE x(n) fl y(n) HETHIHRE:

z{n) = s(n} + w,(n) (5.1.89)
y{n) = s(n — D) + wy(n) (5.1.90)

AF s(n) LT, s(n— D) X7 o(n) HRERGS, KPeEBLY D, TEEa
TR ERE T o5 T wi(n) F wy(n) 4FFREEE RN RS, EIHTLEH
3, HBESES s(n) R, RHEEMTHREGEER: FARNERE () [ ykn)
FHP n=12,,N) fii-eESH D.
ARL, WEMTHRETREMEESHRAMMEREM T EE ). £F
SEF, “FRIFZEGBLE ATRLER “RENMZEGTAHXEE
EH z(n) 5 y(n) Z R EH

R, (1) E B{z(n)y(n + 7)} (5.1.91)
=E{[s(r) + w,(n)][s(n + 7~ D} + ws(n + 7))} (5.1.92)
= R,,(r - D) (5.1.93)

AF Ryy(7) = B{s(n)s(n + 1)} —ES s(n) EMXER. mFAMXRHAHEY

TR Ryy(7) < Ry (0), FTUAEAHRER B,,(r) = R,,(r— D) £ 7= D LBEAE. %

RIVEDL, HARRBR B ER S - BAtHEEE D #flit,
THEE/LAET R EIT R RS T 5.

2. e SEALIGE I 3% 1 OB
bR %

=Nty .
Ti(r) = J;m f_oo I (wy,wa)e™ 1 dw, duy (5.1.94)

o0 o,
- f dury j iD= gyy (5.1.95)
-0 —0o

TE T = D RNRELE, A
I (o, wy) = &1 D (5.1.96)

3. BB 2 2
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[ L E e

k74

T2(T)_f j (g wa)e %17 desy dusy

:j dwzj DTy,
—oo —00

T v =D HRUEHE, Xf
Iy(wy,wy) = &P

4. H i gk B0
Tk v

W) = Falm Czyz(man)] _ Fa[m es.(m, n)]
D(w,,wy) fz[cmyz(m’")l Fyles, (m,n)]

AR {EL L P ES R D $thit, b

Falmeyy(mn)] = j M Cppyr (1, n)e ™ ormtaam) g dn
—ixX

m .
Fafmeagtma)l = [ meg,m,medmrenddimdn

5. WE g R Ak 1
& X R A

N

. 2
J(D) = 1Z[m(n-D)—y(n ( Z[r(-n D) - )])

n=1

v .
ﬁ'fis = E(Aa: + Ay)

Hep
A :limd‘(n)— -li
vON4~ N Z
N
¥
=t

- :
%=§§¢w— szw

(5.1.97)

(5.1.98)

(5.1.99)

(5.1.100)

(5.1.101)

(5.1.102)

(5.1.103)

(5.1.104)

(5.1.105)

(1) B{EF s(n) BoERE v, KTF. MEHESY D, R J,(D) B/MMLA#;

(2) HIRE v, NTFE, W Dy BE J,(D) BHAAR.
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5.1.12 WigAT(ES4%

% Cap (T, T3) M Blw,,w,) 44 H0ES {z(n)} =8 RRBAINE,
1. GRS S @

PRIB(a) = arctan [%J (5.1.106)
itt[j 1/{14a}
Ia) = I,(@) +j L(a) = J; Blw,, aw; )duw, (5.1.107)
2. RFFRL B
1/(1+a)

RIB(a) = I{a) = J:J Blw,, aw;)duw, (5.1.108)

3. HhFTE S A 16)
AIB(w) = f_w 3,0, T)e 1 “Tdr (5.1.109)

4. [H AR 24
CIB(a) = IBp(a, 8)do (5.1.110)

il:EF Bp(‘]H 9) %ﬂ% B(“"'lﬂ“?) mmé&ﬁ%ﬁi! El] Bp(a".- 9) = B(wl rw?)s ﬁl:f:l Wy =
acosf fl w, = asind,
AR 4 B3
WCIB(a) = jw(ﬂ)Bp{a,ﬁ)dﬂ (5.1.111)

A w(8) BURNEIE, & 6~ kn/2, k BB,
5. LN B2 8 BAE j BES 2 HY Pisher TTHEEE LN

z {meank (B,(:}(w}) — meary [rnea.n,i (B,(:)(w))] }2
md) () = =2 ,
Z varg (B:(c”(w))

i=i,j
K, mean, (BY (w)) M var, (BY () 4 BIREE | BTBERE w = (wy,w,) &b
B A B A R B P (B 722, 10 mean;[mean, (B}:cn(w})] ERITERRNES
TENR w BRI B L,
HEEAE Q MR Fisher KT S BB RES {wh),h=1,2,-,Q)} ¥
PHESAR, FOSRHR Y ZESUR R P E MR 15T (AR B N B % 3
B,

i#§ (5.1.112)
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52 2] &5

E 5.1 é' e R o TR %Y E n Tﬁﬂﬂﬁ?ﬁ%%mﬁﬁ, E'ﬁ]égjl{]ﬁyg £ jf%
Ho?, MIFi=1,2 -, nH

E{z;} = u
var(z;) = E{fz; - pf’} = o

1 n
F = ﬁz:ri

=1

HOREE A (E 2 B —FIERE GEA MR MEmEHEE 410,

M52 <cR—alEylaE, HHE (AR) N v by EER SR R, EH
x BUIE A AR A
P{ax) = exp (j wly — %wTRw)

W53 ERRMERGES o(n) /Y &k BriEwe Ly

Mge (T ) B D zmz(n+ 1) sln+ 1)
—FERH 2(r) = a"u(n) B, EF -1<a<l, B uln) B—BARRER, 2R

x(”) B'!J%E Mz m?x(r)s M3, (71572) jﬁ] m4x(7= T,T).

M54 ERMEUIEBR MR EBE c, BLH xR [z, 2T B4R

&, EH
k
= it S0

w=0{
A ¥ (w) BFBREIEE » & REEB LR

55 42 BETBNERSA f@)=e ) 23 1 @ FH -1 RHT
{E & Wﬁﬁ%?%). 'E‘tjk Cry = Cmn(x:' Tt ,ﬂ:).

H56 & cslEEFREEN fx) =081, 00 <2 <00, Kep,, kP2
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5.7 4o AAERHEAELFEOWR S HREEIERT 2
i, W« BATHRERE m HRBER XA, BfE AL, REFEENER -6k
Mr &R o,

M58 CA{z(0)} M {y(t)} BREAGEITEL RIS R, FE
1 exp [w (z - N1)2}

_ 1 (y — u)°
fy[:y) = \/Q—W—J%-EKD —ng]

&
2(8) = (1) + y(6)

SRIEH {2(0)) RS RMALE AR, X — bR, (TG Sy A R TR AL

B2 D AR BT R .

B5.9 4 {e(n)} R—hBETRER, HEE ()} @S BN (k)
MARERRERE RS, PEOGLUFAY (vn)). KA RS LI FX
)%:

(1) A {e(n)} WBRERET (y(n)} R,

(2) A {e(n)} HIZ WA RY {h) B7 1(n)} WEH.

B 5.10 z(n) = z(n) cos(w,n) + y(n) sinfewen), FH z(n) Fl y(n) R LIS
MTRELE, A Elz(n) = Bly()} = 0, c,(r) = Efem)z(n+ 1)} = e (7) M
C3a (7. T) = B{z(m)z(n + 1)z(n + 1)} = o5y (71, 75). I 2(n) R RBEHIL RIS 2

B 5.11 (1) iEEA =B B AR T RRAE.
cﬂy{ma ﬂ'] = %y(_maﬂ - m) - cSy[m -n, _n)
(2) VERR R RS PR

Blwy,wy) = B (~ws, —~wy) = By, —w; — wy)
B 5.12 CRI—-ZERGArmL () BEEXTRRARMSE,
i Ay < o0

WIEH: BB AR {e(n)) MBHERE ARG T RN RSB SNEE, ¥
S,
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B 5130 4 HEY) WRAM HEY) A0, Vo, #H 3. lit] < co.

i=—0c

SE MR ST RN k Y RHERSTE, 2 k> 2, IEE H(ew) oI
kB Slwy, - ,wp_y) BE, EEHE—TREONEHHERERT dodvm, Hf A
R—AEE QES ), T om FEEL

W5.14 iEFAEEAR

Sz {wps e swymy) = TpeHlw) - Hlwg 1) H{-wy — - —wi1)

Bi5.15 B HE) £0Vw, FA 3 lih < oo, IEH H*) MM 6(w)
RAN T o EEETSA, )

Ei5.168 4 {y(n))2—IEEHr MA(g) &R, AW ®E v, #£0. K C3y (r,72) #
08y, [HEITERE, HIE (rm) FEHLEEL r, 7w BXER,

8517 %%ﬁ T; =, %8; FH r; ﬁﬁ]%ﬁuﬂﬂﬁ 5; ﬂ‘]%ﬁﬁﬁqﬂ'ﬁﬁiﬂfﬁﬂ
W, RA o h—MSIF A AR, U TXRRRA

E{|&*} = E{lz.{*} D _ |5, (B 5.17.1)
)

Al
K(z,) = K(z,) Z fs;)* (7K 5.17.2)

o K(z,) 2z, (R, H

K(xz;) = E{jz,*} ~ 2E*{|z,|"} — |B{=}} (% 5.17.3)

B 5.18 %z FR—BEHRABENBIFAIANHEHIERE, Ms=z«h; B2
SR ARG () B, ER. & BE{E?) = B{i«?), MBTRE
AL

(1) K@) < |K(2)];

(2) [K@)| = |K(z)| ZHHRY 8 =[5,,8, - 1" B—HHE-ITEFTR (HE
B 1) .

M 519 EE— MAQL) SR

z(n) =wn) —wln —1), n=0%1,+2, -
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B (W 5.12.3) AR (& 5.12.2), 8

o k
|Skm(wl CI 5wk-—l)| < 17!0.3[ ( Z |h'sl) (E 5124)

f=—on

FE S DR ATRAFARAX (B 5.124), HH
|Seelws, g )| < 00 (B 5.12.5)

EWHBMNAERILE T SO FLEE. BT~ P2 EREA £ - 1 4 Fourler 4%
e, T Fourier T RELN), WEBER w,, -, w,_, KSR, JERE.

H5.13 & {y(t)} BAMIFESAER {e(n) MARERSE (b)) HEBEF
Fl, WX FEE—TEFHER A NEBER m, H {de(n + m)} MEIBHERS
{A7 8, } BRI FFIIBRE (y(n)}, BN, RN {h,) &S RE
B HIE QR SR RE i Sy, - - oy y) FIBTH, B, EHRSE HE) = 1.
EX R, MR =BG RAR T 257 BE L.

2 ¥ #0, FBR wy =w H w, =0, MBAR

S{wiswe) = ya. H{ 1) H(elw2) H{e™ (rtwa)) (B 5.13.1)
BHER
S(w, 1) = v, |H )
&p
[H(e'“)| = %3—)) (B 5.13.2)

i H(EC) BB o), T S(wy,w,) BIMAR vn,w), 34 o) SN
Pw). HIRBH ¢(0) =0, H o(w) HFm¥k. B, b= (& 5.15.1) WEMHELE
mF.

Plwr ) + @lws) — lw; + wy) = Plwy,wy) (B 5.13.3)

REAFTIRT w, BWRT, WH

Oplwy + wo) _ Oy, wy)
S T B,

Qa(ﬁ-’z) -

Ww, =w Ml w, =0 RA LR, B

1 "4 "pdffactory Pro" $#%& =  ww.fineprint.com.cn



http://www.fineprint.com.cn

.

53 I MR E 261

H#aHk ) ) )
L dr)dy = L H(O)dv — fn 3—"0%:’—2‘) u2=0dv
e N
Mm=émw—£h£%§ﬁ%ﬂmr (% 5.13.4)
E X
Y{w) = f: Q‘% . dv (& 5.13.5)
M= (i 5.13.4) WLIB4E
Pplw) = p(0)w — y(w) (#E 5.13.6)
BT
H(e™ = Si heiwt = fi h{—1)

HEH, HHRE ¢(m) = mnr, Hhom WEH, TR, HR (5.136) B
¢(m} = mm = (0)m — ¥(n) (B 5.13.7)
AT AT LAS R R 23 4(0) BIfE X
$(0) = m + —”g (8 5.13.8)
HR (B 5.13.8) FRAZ (B 5.18.6), BIMAEAL (w) T LU TR M-
B(w) = mas + Zy(m) = (w) (4% 5.13.9)

% (R 5.13.2) A2 (8 5.13.9) HPERT A S(wr,w,) BMSHERGLE
H H(elv) MR AR A R,

T k>3 RO, RBES w —wMw=0,i=23,- k-1, FEF
LILAH, BIENES H(ev) TTLUA k Bl S, w, ;) B8, EEEE—%
MO ERBREETF Adm, b A B-—438 (ERR), T m WER, EE.

BE5.14 EMEN BBR AR, H

Cha (15 5 Th1)} = Vhe Z h@)h(E+ 1) - (3 + 75 q)

I=—ra

¥ "4 "pdffactory Pro" $#%& = ( www.fineprint.com.cn



http://www.fineprint.com.cn

262 %58 ERHiSN

H k- 1 L Fourier A HE H £

Brelwy, ywiq)
o0 o0
= Z .- Z ckx(Tla . s'rk-—l)e_j (wy e Fwh 1 Ta—1)
=—00 T =—00
o0
= ke Z Z E h(iYh(i +7,) -+ hli + 7y Je T3 (rmteas i)
Tyy_y =—06 i=—00
oG
=, Z R(§)ed (@1t +wir) E h(i + 7 )e~dwnlin) Ly
i=—oo T, =—00

[n 9]
Z hii + Tk_l}eﬂwk_l(ﬂm_;)

=Yee H(—wy - —wyp JH (W) - H{wg—y)
jEEE,
His515 HE 4
H{e¥) = i he iwt (BE 5.15.1)

BT b R ST TR, P RESEEE H(JvY) RiEses.
KA (B 5.15.1) M T w HF5H, 1B

@};’ﬂ =~ i ihe 3 (] 5.15.2)
Rif, hF - -
3 ik @i = 3 tiky| < o
W H(e ) 5 RESTSH .
g

H(e') = Hp(el*) +§ Hy(!)

Fodt Hp(el*) #1 Hy (1) 52512 H(el) HSRER B,
R $(w) = tan™ [H()/Hp(e!)] MM TF w 8534, U4

dHf(ejw)H e]w dHR(e] )H eha.l
49 _ _ dw f( - ~dw e (5 5.15.3)
dw HEZ{<) + H2(6%)
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HF H(e¥) #0, L ( 5.154) BIEBFETE, FHUFE w SR ESEN, L5,
Hi5.16 4 MA(g) 3R {y(n)} K

g
y(n) =3 bie(n - 4)

=0

FE& HEWRME

czy(m1, 73) = cum[y(n}, y(n + 1), y(n + 7))

q 7 7
= cum Z be(n — i), Zb_,-e(n + 71 — ), Z be(n 4+ 7, — 1)
i=0 F=0 {=0
¢ 4 g
= ZZZ h;h;hyeumle(n — i), e(n + 7 — §),e(n 4 1, — )]
=0 j=0 I=0

BF e(n) HWLFANMERLRE, B cumle(n —i),eln + 7, - §),e(n + 75 — D] A%
FERRGH

t=j—n=I-7

Bp
=7 —1 M mp=10—i
ﬂth L,5=0,-,4q.
BERK 5.16 Eili T MA(q) SR=ZMBFABASTEFN n, fl~, EH.
1"21
q

—g

—g

B 5.06 ¢y (71, 72) # 0 #Y (1, mp) B8
M5.17 HEER
Ei=x, %8 = ng—jhj (A 5.17.4)
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E{#;{*} = E{ }
= { T ¥ i kS Sk}

- i i t—k}s‘psj

&}

—J.i'

3
= E{|-’5'1'|2} Z |3j|2
i

AFMAT {z;} BILF TN {h;} RO 5500 v MO0 B3 55 M 154 12
b ABIRFFIER R (B 5.17.1),

Rfish, BGR (0 5.17.4) B, FREESEE, X4

E{z7)} = E{ef} 35} (5 5.17.5)

Rim, B (B 5.17.4) ORIy, BRMCEHE, g

E{|#'} =E { }

S
=E {Z Z Z Z 533;3m3?3§x_j$:_k$£m$:_,}
= ZZ > Zs I ¥ GO T N Y (& 5.17.6)
J nt

AR (z;} BWLE DA EE, J

4

E{lz*}y, j=k=m=1

. ‘ EN|z:’t, j=k#m=1Ij=1#k=

E{2; @i aTi_mTi ) = ¢ ’ 4 " (¥} 5.17.7)
[B{z}? F=m#k=1

0 Hif
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= (B 5.17.7) RAR (B 5.17.6), &
E{|2,|*} = B{jz,]'} > _ [s,/*+
3

262{Jz,{°} [(Z w) : Z_Jsf] +

[E{x7}? (

TER (BB 5.17.8) P BMERR (& 5.17.4) fi (8 5.17.5), HFATFTEH, T4
BEFENEM (F 5.17.2) f0X (F 5.17.3). jF4E,

B 5.18 M 5.7, R (B 5.17.1) M= (8 5.17.2) B, FAFES {«,) &
BILF AR, TTLAERE (B 5.17.1) MK (5.17.2) FETFIR o, BE

2
ZSJ'
7

—~ Z rsjr*) (R 5.17.8)

E{{Z7} = E{jz|’} > _ Js;)” (& 5.18.1)
J
A
K(#) =K@ |3/ (& 5.18.2)
J
4 E{|2*} = E{|=I*} 8f, B (B 5.18.1} 40
S ls2 =1 (& 5.18.3)
J
% a=[s,8, " BR—ITEMAE. LRHEREH, TR {5} R
KFNE, BpA
lejr" < 00
J
i din)
2
PREARES (Z |s; |2) (B 5.18.4)
J J

SARALHENY s TERF—PEFTE. B (0 5.183) LA (5 5.18.4),
SrER4
> st <1 (5% 5.18.5)
J
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LHMNY s RE—PTIEEST 1 HEFORE
> sl =1 (85 5.18.6)
J

W= (BE 5.18.5) F13X ( 5.18.6) SFAHCA R (B 5.18.2) S HIB 2N AT F EIEHT M
R (1) M (2). 3EH.

X 5.190%8 ¥ BT {z(n) HHENE, SHEHE

Cop(T) = My (T)
=EB{z(n)z(n + 1)}
= E{{wn) —win — D]iwn +r} —wh + - 1)]}
=28(7) = 6(r —1) =7+ 1) (RE 5.19.1)

. 6(r) H Kronecker 6 BF¥, Bl 6(n) =1 (F 7v=0) 5K d(r) =0 (& 7 £ 0).
i, BEEBHEESEY

2, T =
Cor{T) =4 =1, 7=18Kr=-1 (EK 5.19.2)
0) ﬁm
itk Bz
‘ Sw)= 3 ep(r)eier
1
= 3 e (Pe Y = (2 - 2cosw) (F 5.19.3)

T=—1

Caz (71, Ta) = Mgy (7, Ty)

B—HE, {«(n)} H=HRHEW
= E{z(n)z(n + r Ja(n + )}

= E{[w(n) — w(n — ]lw(n + ) — win + 7 — 1)]x

[w(n +7) = win + 7 — ]}
R w(n) fBT AR, 7722 Blu’(n)} = | REMBEE 7., = E{vd(n)) =
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1, WL EAREARE ¢, (n, ) BENT.

Cap(T, o) = —8(m, o) +0(r — Ly — 1}~ 6(ry, 75 ~ 1)+
8 +1,7) -0 + 1L, + 1) +8(r, 75 + 1) (R 5.19.4)

B {z(n)} FIXGEN

s ko =]
‘533: (wl 7 wz) = Z Z (;33 (T]_g Tz)e"j(wl‘rl“f‘wg'rz)

Ty =—00 Ta=—00

= —eiw1 4 gilwitua) | pmiwe 4 piwr | gi{witws) | Glws
= 2j sinw, + 2j sinw, — 2j sinfw; + w,)

= 2j {sinw; +sinw, — sinfw; + wy)] (B 5.19.5)

5.20 M#EHF E{a} =04, EHEIERAFHEAR, B E{an)} =
E{a}eom =0, BHl, KBty RS SHLRBME, g

C20(T) = E{z(n)e"(n + 7}}

— E{aﬂe—j uor}

= QeTIwe” (3F 5.20.1)
T 5 Th 2K ik
Sp(w) = i Cgp (T)eT9T
= Q i o3 wuwg)r
= Q;(jr wo) (&R 5.20.2)
ATERTHR
i Blw)el T =1
il

i eI = §(w)

r==p00
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A5k, BIVF
E{z(n)z(n + 7)} = E{ael“s{Zn+T)}
= (2l wol2n+7) (85 5.20.3)
E{m‘(n)w‘(n + T)} - E{aze'j "‘"nfzﬂ'i“r)}
= Q2 Iwo(2n47) (iF 5.20.4)

HH {z(n)} 9EEE, 8
My (11, Ty, Ta) = E{z(n)z* (n + m)z(n + )zt (n + 1)}
= E{adej “"0("'2_”’1_"'3:'}
= #ej“‘of‘rz—"l—“"s) (@ 5-20-5)
{z(n)} WL REE R
Ca2(T1, T2y T3) =My, (T, 7o, Tg)—
E{z(n)z*(n + 7)}E{z(n + n)2"(n + 73)}—
E{z(n)z(n+ 7)}E{z"(n + 7 )z*{(n + 7))} —
‘ E{z(n)z* (n + 73)JE{z* (n + 7 )z{n + 7))
W (B 5.20.1) ER (T 5.20.3) A LR, B
045(7_1,?.2,7.3) = ueiwo(rg—rl—rﬂ - Q:'ejwa(—rl)ejwo{rg—ra)_
‘ QE.EJ ‘-’“‘n(2“+"2}e—.i wo{2ndr+rg) Qze—j Ts.ej {rg—71}
= (12—~ 3QN)el (72717 7a) (B 5.20.6)
BE®R nn=m,ry=73=0, N

‘ £ag(7,0,0) = (1 — 3Q%)e o (RE 5.20.7)

HIoiE
‘ PLw) = i Cau (T, 0, 0)e 1T
e
‘ (= 307w + o) 8 5.20.8)
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Hege=, (B 5.20.2) o=k, (FK 5.20.8) ;r B

Puet) = £23%5, ) = 15, 0) (%8 5.20.9)

Ry = p— 3Q%. EHE,
B 5.2180  hap#mwIRY Aln) = 6(n) —ad(n—1) #1, FIR REERYIIRFEHE

Hw) = f: h(nye=iwr

=1—aqe™I¥ (R 5.21.1)
BReH .
z(n) = h(i)e(n — i) = e(n) ~ ae(n — 1) (B 5.21.2)
=D
HI R
8w} = i |[H(w){?
=02|1 ~ ae3¥|?
= 2(1 + a? — 2 cosw) (% 5.21.3)
A igk

S35 (W wa) = s H{w M (wy) H{—w; — w;)
= Y3¢ (1 — e 391} (1 — ae™I¥2)(1 — e’ (W1+w2))
= 3. [(1 — @®) + a?B(wy,wy) — af*{w),ws)] (B 5.21.4)

A Alw,,wy) = et + efwe 4 e7i(watews)
BUFHU R w =w M w, =05, W

835(w,0) = 73, [(1 — &%) + a®B(w, 0) — af*(w, )]
=72 (1 =)+ 2?1+ + e ¥) —a(l + 1% + & ¥)]
=3 [(1 — 0 + & —a) + (0* - a) cosu]
= Y3 H{0)(1 + & — 2a cosw) (B 5.21.5)

HEEE (8K 5.21.3) 53X (8 5.21.5) SLHH

S lw,0) = %H(O)Sx (w) (BE 5.21.6)

£
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XERFBIERLER. B8,
g s5.22 SEERERASLMEEHES
s(n) = Acos{wn + )
H=AEEX
cos  cos f cos y cos &
= Sleos(a+ B+ +8) +cosla + 8+~ — ) +cosla+ -7 + )+

cos{fa— B+v+8)+coslae—F~—v—8)+cos{fa+8—v— 5+
cos{a — f + v —4) +cos(e — B — v + §)]

s(r)s(n 4 1 )s(n+ n)s(n + 73)

= %4{(:08[%?1 +w(r + 15 + 73) + 4¢] + cosf2uwn + w{r, + 1, — 13) + 20)+
cos[2wn + w(r — 7y + 73) + 24} + cos[2wn + w(ry + 14 — 1) + 20) |+
cos[2wn + w(mn + Ty + 73) — 2¢] + cosfw(ry ~ 7 — 1))+
cosfw(r, — 7y — 73)] + cosfw(ry — 7y — 7)1}

EABRBENER, YRMEFRES s(n) WILRE,

A4
My, (Tyy T, T3) = ) {cosfw(r, —m — 3] + cosfw(ry ~ 75 — )] +

coslwitg — 7 — 7o)} (% 5.22.1)

KFENAT E{8} =0 MEFHIE [—nn] ARSIAHBIER ¢ BRIX—HA
R,

Bib, EEET s(n) BZER

A
Mo, (1) = R,(7) = 5 cos{wT) (8 5.22.2)

¥ 5.22.1) fI (B 5.22.2) AAB BRESEM#HEA R

043(7-1;?7-2: Ta) = mds(fhf‘zs 7'3) - mzs(rl)m2s(72 - T3)—

Mg (T Mg, (T3 — T1) — Mo, (T3)mg, (1 — 72) (Bf 5.22.3)
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H, N

A4
Cae(T1: T2, T3) = ?{cos[w(*rl -7y — 13)] + cos[wlr, — 73 — 7]+

coslw(ry — 1 — 79)]} — %4 cos(wTy ) cosjw(Ty — 73)]—

At Al

T £os(wry) cosfw(ry — )] — vu cos(wry) cos(w(r —7,)] (BH 5.22.4)
AR

cosacos§ = %[cos(a + 8) + cos{a — )]
RA (8K 5.22.4), 34k, EFB
A4
Cualri ) = — o feosulry 3 = 7)] + cosliolry — 7 — 7)) +
cos{w(my — 7y — 7p)]} (B 5.22.5)

AR T ¢, BAEEZMI AR, N
P

€4:(T1, T2, T3) = Zc«ui (71,725 73) (BK 5.22.6)

i=1

F= (B 5.22.5) A (BK 5.22.6), LRED/BH

I p—

r
Caa (T, T3 T3) = SZ i {eosfw(n — 7 — 13)] + coslw(r, — 75 — 7))+
k

cosfw(rs — 71 — )]}
HEHE,
8 5.23 @Az REMBAHRER, RIS
cumy{z(n —d), 2{n — d},y(n), y(n)}
=Cum4{8(ﬂ - d)1 3(ﬁ - d):s(n)rs(ﬂ’)}

=Y 3. FAO)PE+d- D) (8% 5.23.1)

f=—ro

EEMAT cumg{w; (n —d),w (n — d), wy(n), we{n)} = 0 R,
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M5

@1 Cauchy-Schwartz RER, R (B 5.23.1) AR B{E

cumy{z(n —d),z(n —d),y(n),y(n)}

< l%el\J > f‘*(i)\J Y. fHi+d-D)

A = i=—n0

= Tae Z f‘i(z)

i=—ox

(B 5.23.2)

FEHALL ARG F 1f0)| = |fi+d—-D)|. XEKE, X (H5.23.2) 4

BRY d=D BARES.
K, TTLAERR

CUM, {z{n)} = cum, {z{n), z(n),z{n),x(n)}

= cumé{s(ﬂ.),s(n), S(R),S(ﬂ)}

= Y4e Z f4(1)

=00

CUM, {y(n)} = cum,{y(n), y(n), ¥(n),y(n)}

= cumy {s(n — d), 8(n —~ D), s{n — D), s(n — D)}

= Ve Z f‘l(?’“D)

i=—00

= Y4e Z f‘l[z‘)

f==—00

¥ (B 5.23.3) Al (RF 5.23.4) LA TR

J (d) = leumy{z(n — d),z(n — d), y(n), y(n)}|
V/ ICUM{z{n) HICUM, {y(n)}]

Yae Z ftt[i')

< f=—00

J STORW ) 6

=00 = —00

HER IS HNY 4=D. fIRA
0L J,(d) <1
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HHy(d=1HHXY d=D, L,
B 5.24 FEET s(n) WK RRE, RITH

€45(11, T2, T3) = cumy{s(n), s(n + 1), s(n + ), s(n + 1)}

—Cum4{ Z f(@)e(n — i), Z feln+7 —7),

i=—no J=—0a

D fmeln+n—m), > fDeln+7y— f)}
m=—0C ==

=% 2 JOSGHTE+7) [+ 1) (1 5.24.1)

t——o0

Xt b B Cauchy-Schwartz A&, 8
|c4s(71, T2, 73))

< I'hel\J > f2(i)f2(z'+r1)J Y P+ + 1)

i=——oo

i==—00
1/4

fa'e) 7 oo 174
< e [_Z £460) Zf‘*(€+‘r1)] x

oo 11/4 :1:;00 1/4
['Z Fii+my) Z f“(i+-ra)] (BF 5.24.2)
BT ARERNESR I L EHNY
O =1FG+m) = [fE+ )| = |fi +73)| (2K 5.24.3)

BT (8 5.24.2) P55 A RAES, STk s
less (71, 725 T3l < |4e| Z ) (B 5.24.4)
FER Y BT R (BF 5.24.3) WAL E.
BT w,(n) H w,(n) B AEHRRS, EfIWENBREBESTE, &

CUM {z(n —d) + y(n)} = CUM{s(n — d) + s(n — D)} + CUM {w, (n — D) + wy(n)}
= CUM,{s(n — d) + s(n — D)}
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L NUE:]

CUM,{z(n — d} + y(n)}

= cumy {s(n —d) + s(n — D), s(n — d) + s(n — D),
sin—d)+sn—D),s(n—d)+ s(n— D)}

= 2¢,,(0,0,0) + 4e,,(0,0,d — D) + 6¢,.(0,d — D,d — D)+
d¢,(d— D,d— D,d— D) (8 5.24.5)

KR 7,7, 73 TERE {0,d- D} FRIE, FEHELH -MEEST d—D. #ixis
BERERAR (8 5.24.3) F, ZMA (G 5.24.3) WY

lfO=fi+d-D)| B d=D (& 5.24.6)

BIASERA (B 5.24.4) 9% o, HHAYE (8 5.24.6) ¥ 2.
Rl (B 5.24.4) AR (B 5.24.5), 18

ICUM, {x(n - &) + y ()} < 16}l 3 £460) (& 5.24.7)

BRI Y BN (1 5.24.6) 2.
F A#E 5.23 = (B 5.23.3) R (B 5.23.4) AR (8 5.24.7), ~FEIH

|[CUM,{z(n — d) + y(n)}|
16+4/]CUM, {z(n) Hcum, {y(n)}]

FOHAL S ALY (8 5.24.6) B, XHTFHRENBEEFTHATE, HWRITE

Jy(d) = <1

0< J{d) <1

FEWMALY Y d=D B (8 5.24.6) BL. XRER T E T IER,
525 HF zy, %, BISE—IGIERECH

F(wy,wy) = exp [—-%{afwf + 201wy + 0303) (/] 5.25.1)
fley,2) = fjo ,Jﬂ_mj B(w, wy)e I LT aTe) i, duyy (B 5.25.2)
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TIRFE R BRT p A I 51N
OP(wy, wy)
ap
O2B(w,,uy)
Ou?

- @é(;;ln’ “) - (—wywy)" $wy, uy) (& 5.25.3)

= —wywy Plw;, wy)

= (—W1U2)2 H{wy,wy)

FM= (& 5.25.2) flx (8 5.25.3), 18

O"E{g(zy,z5)}
dur

gt pe poo
_ éﬁf_ j_ g(xlsz)f(ml,ﬂ:g)dxldmz

a% e oo = JPAT ”
_ 8_;,;" f—oo j_m g{x,, %) [ f . Blw, , wp)e™ wlzl+wgzg)dw1dw2] dz, dx,

— 00

o o 0 poo  gn
= j j glz,,z,) [J‘ ds(wpw‘z)e-"(wlz‘+w212)dwld‘*’2] dz,dz,
— 0 —

o0 J—oo DU

o0 = a] OO o0 .
=j f g(z, xs) [J (—wywo )" Flwy,wp)e™ (w‘mﬁw“zz}dwﬂwz] dz,dz,
—e0 S~ —_0 S —
(fE 5.25.4)

B2, M= & 5.25.2) &)

df(z.x ) ” o

ra0 O
= By, g )(—juwg)e™ I[m‘z1-H‘wz}‘1‘-*-’1(1‘-'-’2

=00 W —a0n

62 rO0 00 )
32(?;2) = Bwy, woy(—jun)(—jwyle™ (w‘x1+w’z"')dW1dwz
1 2 Juoo J—po

el 00 .
=} Sl ) —wywy)eT amtentddu, duy

i, B

O™ f(zy15) oo oo -
—3“2:16‘]'.‘3}22 - J_m j_m Q‘i(wl,wz)(—wlwz) e J[W1¢1+w232]dw1dw2 (E 5255)

Rl (B 5.25.5) fAAZR (B 5.25.4) gyhdE 9w, LB

o 2, T
E{%(H,:: 2)]' J‘_m I_mg($1!$2)a f(xlzz)dzld 2

XMSERL T A= I EERYIERA.
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526 HTRERFEE o(n) BhHEE N P, (w) = o2 H(w)H*(w) HIAGE N
Bluwy,wy) = v H{w JH(wy) H*(w, +wy), AU %Y S w =wflw, =05, BB T
mRE b B0)

<) = S )/
AH a =03 /[ HO)] H—HEL.
7 HHE, TEXGERE X

= aB(w,0) (K 5.26.1)

jae]

OO
B(wl s wz) _ Z Z CSE (T, m)e_"j (W11'+w2m)

FT=—00mM=—0

4wy = w Ml w, =0, BE

Bw,®)= Y [Z Csx(f,m)] e )T

T=—00 =—c0

XFH Bw,0) & Y e (r,m) Y Fourier ik, B i c3x(T,m) R B(w,0) {9

m=—0ol mM=—00

Fourier 258, 00X — &, M= (F 5.26.1) BT Fourier X, EN7B%)

v

R.(r)=a Z Ca, (T, M)

m=—0a

ERE,
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B 6E HHESHh— SNEHR

FEELEBGETEHERPHEREA. B ESHAHEERE. R5,
B ZEat (S A BT 2R R R, KUK B 45 /BT Fourier 704, WA SRAEAT I RAERY
Gabor AR, /MEAB L ANEIT.

/NS R & AR A MR TR N R B R E . BRI
£ S B TR AR A = AR, T NE A IR O BRI B ) B A e i S

6.1 FHERBRBwSHE

15 s(t) AMEME S(w) A Fourier Zfaxt, T Fourier s K A H# R
RTH, HEAEERESHEBREITEE. MTETRES (), HiERRA/

HRA R T R R R R AR B Rt
FoH REARFHHELEA:
5% s(t) MREER = (HUST () ¥R, HRPTLFK) (6.1.1)
Bk
5% s(t) HREER = BES s(t) W2H, ZEFRL) (6.1.2)

6.1.1 {HRESSHEMNHER

1. E{E% a(t) B Hilbert B4

ﬂﬂ:ﬂu*mn=jms@~mmmm& (6.1.3)

Hilbert £ #RA L THEHK:
Wi 1 {58 s(t) @ad Hilbers BHRIYE, HSPHEAEERRERL.
BH 2 s(t) = -HE)].
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E6N BHAESHI—RTEER

HH 3 F x(t), 2, (1), 2,(t) B9 Hilbert 8258 £(1), 2,(1), Z,(6), H z(t) =

z; (1) * 2, (2), il

T(t) = &, (F) * To(t) = (8} * £2(8)

R4 s(t) = —H?[s(2)], HEF H[s()] = H{H[s(1)]}.
K 6.1.1 5 T — S U RE-S K Hilbert 25 ¥,

#* 6.1.1 Hilbert TR

% # . Hilbert 25 #
LI+ a 0
iEF 3 sin{wi) — cos(wit)
% cos{wi) sinfurt)
*E ﬁ gl wt __j sgn(w)ei wit

_ L ft[<a 1 Jt+a
FrE kR Pall) = {0, i ~lnl-—
TR FERR p,(t)sgn(t) —Znf1— o?
T t?

_ a2

H=H tpy {t)sgn(t) —mil- o
t
_ _Ja-|Z] H<a _1[ ‘t—a 2
= A& i’(i]—{[}3 a > a ol R 52—a‘2]
a ¢
Cauchy B 2z Py
[ 705 8 et % J‘om e~ " sin(wt)dw
*E [ ool 2 g sintwtidw
sinc sin{at) sin’(at/2) _ 1 —cos(at)
at atf2 at

EXFHHE | sga(teel L2 sut)de

wde e —wi

2. B R SRFRY

2ES

z(t) = s{t) +js(t) * ht)

¥ "4 "pdffactory Pro" $#%& = ( www.fineprint.com.cn
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HARHLES s(t) HBNES, B SHMERARA
Z(f) = S(fY +iSNH(F) = SN+ H(f)] (6.1.5)
P RRAT (R B 49 Hilbert 8 aR00 (28 B3V 7 2

-j, >0
H{f)=<0, f=0 {(6.1.6)
i, f<0
= —j sgn(f) (6.1.7)
A
+1, f>0
sgn(f) =40, f=0 (6.1.8)
-1, f<0
A5 EE.

X3 (6.1.7) WHHE Fourier RAF#:, W18 Hilbert 3 Hua% vk ¥ & K
h{t) = Jm H(f)e 2 tqf — % (6.1.9)

LS s(t) = alt) cos[2nft + o(0)] WHRHES A
54 (1) = a(t)el Pl 27t (6.1.10)
i
sp(t) = a(t)el #) (6.1.11)
WAIET s() MEWFSEFPEGES.
R E S SEE ESFEMTFER.

84 (t) = sp(t)el¥™f:t (6.1.12)

RRM: BFES sp(t) REBIEY so(t) MERE, B () —HREFES.

3. B BR G RER

BREEEHRETRES o) EETHRMBER, ECHRBHRES ()
1S #-25, B -

S8y = ﬁ§[argz(t)] (6.1.13)
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EHRIEFHEA L BRAHE,
MTEEERFS s(n), HBERHRRE LY

fuln) = $2 farglz(n + 1)) - argla(n - 1)) (6.1.14)

FRER BT Z(F) PHCEN f &M BRIER, XN

() = g7 a2 () (6.1.15)
RIS B RIER 2 X
7o) = o farg[Z(k + 1)] - axgZ(k — 1)) (6.1.16)
4. A
5 () BT 7, MTHHE 0, &L
e _Z fs(2)|dt (6.1.17)
o, % f; S (w)Pdw (6.1.18)

7% o) WARBE T, A HREE B, 285 0xE SRR,
SR LA )

[s)
T2 def I_w(t — £, s()[2dt (6.1.19)
B2 4 I_m(w — 0,28 ()Pdw (6.1.20)
s
7 e1swr
t°|s(t)|“dt
7° %o oo (6.1.21)
f |s(8)[2dt
e f W2|S(w)[?duw
B> 4 oo (6.1.22)

T swra
SRIFHTET o(t) BARRRAKHR.

AR LA AT EE0TSE (T2, 7/2) FOAFRE [~ B/2, B/2) TN Fh 4 RAE R
e,
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FHERE:. XTERERGTEES s B R L), HNEAHFRENER
RERWE T EAFR

TSBE = &tsaws > % ﬁ Th‘Bh = &th&wh > % (6.1.23)
AR R B A BRI AN HEF I BE Heisenberg A%,

6.1.2 %GBt Fourier Ik

1. EERTE{FS 2(t) BIER Fourier Bt
4 g(t) B—AiRIESREN TR, TIHEHEs. TR, 8% 0) 9%
L4} Fourier AF¥R (8T 1E STFT) E UK

STFT.(t, f) = J"m [z(u)g* (u — £)]e 12 udy (6.1.24)

A« ARILFEEL.

HTES =(u) f—THUENEEE glu—1) S THREBESESTITRE A ¢
MfE#s—A- Y15, BFLA STFT. (1, f) FTLAEEAHES (') /£ “WridE” ¢ BEEe
Fourier 4k (B2 % “JaisiE").

SRS ET Fourier X BLAF LI BeaA iR .

5 1 AN Fourer APt B —FpERTERT IR R,

R 2 SR Fourier R AW A, I

B(t) = 2()e 2ot 5 STPT(t, f) = STFT,(t,f — f,) (6.1.25)
A EAH AT, B
() = 2(t — tp) — STFT:(t, f) = STFT.(t —~ to, f)e 2™ (6.1.26)

B R STFT (¢, f) = STFT.(t — to, ),
LW g(t) M () WEEE BRI

[ srpwa=1 (6.1.27)
B, JE(ES 2(t) 7] \FERT Fourier B2 8M, H
o(u) = I_m f STET, (¢, f)v(u — D 2 vaud f (6.1.28)

e, HE () = g(8) B, EXFFHVERT Fourier SR,
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BRiEwih

2. B EAES 2z(n) A58 Fourier EH

S5TFT(m,n) = Z 2(k)g* (kT — mT e 2mnf)k

k=—cc
HIXigat Fourier AN

k)= Y ¥ STFT(m,n)y(kT — mT)el 2nFik

M=—00 A=—00

vl Eek Sl
% i g (kT+ n% - mT) (kT - mT) = é(n), Vi

B SR {E S AR Fourier MR T, WE

SPEC(t,w) = [STFT(t, w)|?

6.1.3 Gabor TFHif

L ELEFNES 6(t) B Gabor L
{59 o(t) 9L Gabor BH K

¢(t) = Z Z CmnGimn(t)

TR=—00 e —O00

AT gmn(t) = g(t —mT)e>™ 0 HH RE (1) T - WHFER.
PESE Gabor Ll

Ay = Jfo qb(t)'r* (t - mT)e*j ZﬂnFtdt = J‘m t}&(t)’?’;n(t)dt

—O0

AT Yy (t) = (t — mT)el 2FL

(1) I RAEFESLET Gabor 284t
BEHEEAR

Z z gmn(t)’r;n<t,) = 6& - t')

M=—00 i=—00

r’ 9(O)Y* (¢ — mT)e 2™ Flds = §(m)s(n)
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HAIE) Gabor X pg ¥ EL
G (E) = gp(t — mT el > F! (6.1.37)

Ko gp(t) HEMTHL, B
gr(t) = e /T (6.1.38)

(2) SR FEENLE Gabor A

AR EERtE HRR T, FRHER R F, MRS REAG TR <1, EOBK
Rt RIEIRE T, FUBBUREEIERER F, BE TR, =1 M TR =1, NIf9MTe
EWHRMSER

3 glt— mTyy (- mTy + nly) = %ﬂé(u) MEXEE  (6.1.39)

5
J7atry e - e iR = agmistn)  (WRERAME) (6140

2. B RIE S 4() i Gabor ZEHt

ABRHETE W ARES o(k) BERE L, B0 ¢(k) = ¢(k + L), MHEH Gabor
R 52 XA U1

AM-1/N—-1
&(k) = Z Z anm.&(k - mdM)el ikl (6.1.41)
m=0 n=D

Hr Gabor BRI £ 5 BHL Gabor A HH & N

1

o]
1

Ban = D, BIEVY* (k — mAy )e ) 2k An (6.1.42)

i

A, Ay M Ay SRR SRR, T M A0 N S-FRH AR
LR S 8

(1) R RS BB Gabor 2
FEmAREERT, B8 MR

L=MN (6.1.43)
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B8 Gabor BH 5 Gabor AF B3 %

M-1N-1

k)= (k)

m=0 n=0
L-1
Gy, = Y GRY Vi (K)
k=0
X+

Gmn (k) = Gk — mN)e 2RV
T (k) = Ak — mN)el 2mnk/N

FH §(k) B— B Gabor Zpa¥t, HEMN L, B

gk) = > gk +1L) = §(k + L)
!

W Y(k) R —BRBFH, EHE T RRIER &4

L—1 L-1
> _[9(k +mN)e SN (k) = 375 (b + mN)el /N (k)
k=0 k=0

= d(m)é(n)

H 0smeEM-1fM0SnaN-1,
(2) A RAEH A E B Cabor i

(6.1.44)

(6.1.45)

(6.1.46)
(6.1.47)

(6.1.48)

(6.1.49)

FERLREE (MN > LY AT, s Moy B BEE sk WEE L S8%

L=NM=NM

(6.1.50)

K M N 55 RS RHER DR RAER A%, 0 NN, M, M

HIEEE,
FHE SR EE Gabor RFFAI Gabor A48
_ M-1N-1
olk} = Z Z B Grnn (k)
m=0 n=0

L—1
b = 3 DRI (k)
k=0
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A

G (k) = §(k — mN el ZTnb/N (6.1.53)
Fimn (k) = (k — mN el 2mmk/N (6.1.54)

BH#FS §(k) R (6.148) BX, EE 7(k) RALIIESL KA, B

g:: (k + mN)el 25/ ¥ 5 —Nd(m)é(n) (6.1.55)

HFAosmeM -1, 0<na N -1,
6.1.4 /viETH
TR FRT BREL s(t) BYIESE/ DA WE LN

WT,(a,b) = ‘.;_a f; st (%) dt = (s(8), Yas(t), a0 (6.1.56)

o, &ﬁiﬁ%&ﬁﬁﬂmm—wfw( )(ﬁua%wwfﬁﬁﬁxﬁ#%
AL TR ) R 8 ) BETTIITRS b AR A o BZETR. Ao P b 4
BB R SER TS
L AN B R B
(1) B AL }
f ()t =0 (6.1.57)

X — SR P RHE R B () BFE “— /DR BB, 2/ e TR &R KR,
(2) H—4b %A

(P = (o, 9)° = f:wmﬁh=1 (6.1.58)
5 e /e L S R
(3) BAEMEM (ESHER
Im P 4y < 00 (6.1.59)
—o  |w]

(4) /N (2) B Fourier ZEBREE “TREHEHRAE”

A< Y |P@W)|’<B (6.1.60)

j=—o0
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AHFO< AL B < oo,

2. BHE/NEAR AL FEBAR

MR LR — B B MR T 5 5 B N AR A,

MR 2 (CFBIER) F O o Wlleb), Ml f{t—1) & Wli(a,b—1).

VR 3 (ML) %ﬂﬂHWD@&NHMM+%Wﬂmﬂmﬁ¢
>0,

WA 4 (i) SO TR RESH o FRFTBA% b drkst/
2 AR AL

B 5 (Tat) EEINETREER BRI A,

3. WE/NE
N () R REERE (6.1.60), MAFE— XA/ +(¢), 3 Fourier
He Fw) A TREH:
P lw) = — 7 w) (6.1.61)
S (2w

J=—oa

6.1.5 /hiESiR
AT —ATH ARSI ERBH () € LX(R) BEH—DDEBRRER, H

=3 D cuthiu® (6.1.62)

== k=—x

A, NERE {e;,) 2K
o WT, G = [ e = (1,05 (6.1.63)
ERFHFIRAGER, B

S0 leklf <o (6.1.64)

j=—o0 k=-—0

B O, () FADEERE ¢, () WX EE, EXW
i n(t) =222t — k), jkeZ (6.1.65)

A ) B/ (t) BYRHE/NEE.
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1. FRAEE3EHE

4 H B—2&MMMERE Hilbert 25/, B#BUFFIK {4,0) :n € Z} (R
Z HBEOR) R H WHRMEECRG Hilbert 2, EHHE TH AN

(1) IE3ZHE: Emne ZB m#£n, W (b, ¢,) =0

(2) H—4k: HEPneZ F el =1,

(3) 5B tE: &H fe HF (f.0,)=0,¥ne Z, Al f=0.

AR —FHEANESLETR, MRS TEERER.

(1) /D3R — 408 B B R S NI RREEVE D B R B, M — BB T RS
R,

(2) MR EAHFAREN: BY, ERIEHXTFMHEERRE—TERAXE
A, BEERT, EZREES, MR Y MERNETEF, BU/NTFEBEN X
REHER. BhHRHAREREY, — MEEBEEXENER, SEMARKX
HeE oy, Bk, MNERSAZ AN ERE L E, ERsEgtEEM.

(3) ik BARETHRF & KT EPEERS TIHHEVLEEHR, FE/NEERN
Fourier A — ¥ H B H L,

e N B 55 16 TR L SR A E ST R R 12 /IR B TR IR

2. N il KR E X
Dk o) RE N BrHKE, &

I(t _tte)dt =0, k=0,1,---,N—1 (6.1.66)

J"(t )V (Hdt £ 0 (6.1.67)

HRE T MBAYEIRTE, IR o) ZEF R { = 0 BH N Bk, MH Fourier 48
# ¥(w) BEH w0 =0 NKFHIH, FH sW0) =0, HFE=01,--- ,N-1

3. MR ETHER

PESTRRRE R, B A BN R A L PR 09

(1) ¥ &4 R RERBAP R A, WSS § M G ERRMH
W RZ RO TE RS, B fITEE SRS/ NE AR B AR SR TR HR AL X BRAR
Fu., MREAFZEZHY, UHRECNERERRY, UERENEAHE NG
ETTLLA FIR JE 285 BT L.

(2) 2 #R A NSRBI BRI BRI BRET, NITEBAS R RA T LAy Zotm{L.
FUE W ART ARG, NESETRKESE, SR EMOHEE, Hik, ®m
BHREEMEREESCEN AR EEN,
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(3) A MEOARETEEERATEETERNEM. $DHR ¢, H
T, BHXEDNREOFENSE o0 NEREDEE, RITRTUEIRSR
B, mRFERERRRER, {EABREHE, NESERYEERNES
RPIRRA . MEOBOEH, RS E R AT.

(4) Bzt ®AVME, EESHEMN—HEZERITNRILT, ERERREN
HEEH. B, SEHERKMREREN, BSRERENESRIL.

4. N RO R BRI

MiREHE = AREX,

20 (R\Y
[(5,0) ~ Ft < 2 (;) (6.1.68)

B=AREARHTUTEEST.

(1) /MEZERIBI TRT T £ BRI [(f,0.) — flto)] BURT /DU BREL (1) #53¢
R RAREZH a. — MRS MR EEIE LR AR ], F e X
RAFRE A R IE GRACCEARNE ), WFRZ RO B SRR IR RAFRX
B () HEICHEE, NHRESBE o - oo &, K (6.1.68) B |{f,4,)— f ()] = 0,

(2) EREZY o> REF, F N HBX, WABERERREES () AEER
B B0 e — Flto)| EBRD,

MRBGEER A A, BoR/ANE () BREEM N friHsE, FE R
AT () NBK, MEEBGELEFSHREERRE. B—FH, BXRNETHFHF
HIEIE R IR AR, HEHAMTHRER, HRE, bAMEEFEES, mhEmEds
PR RIBAF R T E, MRS BREE, RSN s R R

6.1.6 #ERER
FEFHRRMZZREN 2 Z2%) ZRHFINRE (Y.t BR—ER, HEEEH
ERHE AM B (0 < ASB <oo) @R TAMFE f(t) € L*(R) HRL.

AlFIFS DY Y KA mad P <BlfI (6.1.69)

M==—00 =00

A S V) REEH () 5 Yalt) OB, B
Fomn) = [ SO (6170

EWE A B AHRBERNTHEM LBF.
L { Yt HR—MER, F B/A =1, WK, FEBERE (snug frame), JH5Y
#, 4 A=Ba, WK ¥, 2ENEE (tight frame),
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{90} BRE A=B= 1 WWERIEY, FHAHHEETRTEST RO,
MHESR {g,(t)} NIFHEIE .

HNEHER (.} AMLFIINESR, NFHRENESHESE (exact frame),

1. Riesz &t

HERFREERM—TTREANEEERNE L, ESEETERY “EF&EM
R, TENEITP, EAEER KN Riesz &,

B EBUMNEREREUE {Vi(t) 1 5.k € Z) BN IA, HHEETFHEE A
MB{O<ALE < 00), [Hi%

Al Z€ D0 D7 lesntyel < Bli{ca )2 {6.1.71)

J=—-o0 k=—oc

M T BT ARNBFS {c, ) R, Hep

o0

e B = D2 Y el <o (6.1.72)
f=—m0 k==oo
W#F — 475 {1, (t), 5.k € Z} J& L*(R) WH—1 Riesz %, H¥¥ A B 45
P54 Riesz FRM LA, Riesz H I UFFET &b,
2. EREHT
T {on k€ K} A—DHHER, &

Tf= {f o) (6.1.73)
ke K
T—THEY f € LX(R) BN T € LX(R) WET, WK T HELET,
4 {g,k € K} HRHESR, WIEESET RS U TR
BHR1 EEETTEERE.
WA 2 RN T RAMMEN, BF (f,Th) = (Tf,h) SEPE R £ # b BT
WA 3 HERETETHEET, W (TH >0,
MR 4 ERET T BTN, 8T HE,

3. /NPEHIA S

/NEE ) (t) € LP(R) By % Riesz /N, B HERE ¢, (1) = 22427t —k), j. k€ Z
R R R PR {4, (1)} A Riesz 3,

IR AL, METARIER DS, RIEZME, JEIES /NI IESE N
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