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= HRBEILE 5 B ETFARE
B x(n)=0,n<0;--—n-FH LS B BB LS
1. ¥y RAEFGEMT, it TFHBTomTy

1N1

YIE m_(n)=m, —hm Zx(n) E[x(n)]

1N1
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Hx(n)e B8
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1 n=N-1
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HihHE ny(m) :]yg}oﬁ Z [x(n)—mx][y(n+m)—my]
=E{[x(n) —m_ ][y(n+m)-m ]}

C,(m)y=R_(m)—mm,

2020/11/19 8 MMVCLAB



5.3 THREMTHEED

2020/11/19 9 MMVCLAB



— DhREREE X
1 E X x(n)
S.(@)='S R (m)e

(D) T PP — R AR
R(m)=——[" S (/") dw
\ 277

H TR _(0)=m?, FrbitEm, #0,S_ (e’ ) A—E Ik,
W — AR em, = O[#m, = 0, A3 Xfoe(n) 22 B b 72 ]

PIEE X Roe(m)BEE mR R EENR, i BH 1 18] 7 51 B B
[E) AR 2 s B 2z T e B iz e ) e 51 B B T AR Ak -~
%o BRx(M)FEET ZFMIRMOHIIRER

2020/11/19 10 MMVCLAB



N z x(n)e '

]

2) S.(e')= jlviggoE{

m=-+oo

= > R.(m)e’"

2020/11/19 11 MMVCLAB



k=2N

fn—m)= > [2N+1-|k[1f (k)

n=—N m=—N k=-2N

( 1 n=N ‘ 2
S (/)= ZIV1L130E< SN x(n)e " }

1 n=N m=N

= lim E{ — x(n)e " x(m)e’ ™"
Now 2N +1,72 .=y () (m) }

( 1 =N m=N
= lim < R(n—m)e /@™
S S |

N—>o0 e N e

( 1 k=2N
= lim < 2N +1—|k|]R(k e /o
fim {3 & (2N - ARG |

= lim 4 k_zzfv [1- i 1R(k)e
Taee | Sy 2N
— mioo R (m)e "

2020/11/19 12 MMVCLAB



m=—0u0

2. T R 2% FE )1 R

ThER T B PR -

S.(e”)= ) R (m)e’"

4 m=—o0

Rm)=—— " 5, do

S.(e") NSERBER L
S (e’)>0 . (HXEN2)

FEHLFF 51 P 2 T 2

)5

¥

R0 =o-["5.(c")de

FEHLFF 51 0 >0 B o, >0 2 8§ P13

1

TN

25— ("5 (") dw

2 Yo

2020/11/19

13 MMVCLAB



W
4]

PR P ] T

R EHBRE TS

5E X : PR PENLET E] 5l x(n) A BB Z] R BEYL A &

RN

BFIFE :
oIfE: E{x(n)}=0,
QHAXEE: Rx(m) = o25(m).
QINERIEHE: S (e/)=0" .

<
|
o

2020/11/19 14 MMVCLAB



Z THEEAS TR G A T T
1 5 THAE x(n)
25 & — A BENLE R N — A2 1A BRI B EIE
x(0), x(1); - o - » x(N-1)
RKidith: S ()

2 P AEHF Y AR, FIAX:
gkt T
{ R
SREE L o ] AL Y
BORE A THEA

AR PrE (M)
FRLREE iR (BAGEAMTH)

2020/11/19 15 MMVCLAB



= GEvi b v E] B p@t
(R R B /ﬁ\\

a=F(x,,X,...,Xy_)
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2) BADMFEMTE CHRULET
Var[a]= E{[(a-E(a)]’} =0, = min
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A{ i RRT A B
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3) —EAd I
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m.: o, Elm J=m_  |B(i )=m_—E[m.]
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x(n):x(0),x(1),...,x(N—=1) > R _(m): ]AQX (m), W E[x(n)]=0

— %{E‘H‘% N—|m]-1

L Rym)=— Y x(n)x(n+ ] < N-1
n=0 i
FE2:  Ri(m)= N_1|m > wln)x(rt|m) || < N-1

E[R) (m)]= R, (m) Tl vt

N
R, (m)=

m !
N R (m)

—| | N>

R.(m) = E[R,(m)|=R. (m) |Hi#tTlw
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( N-m-1
R, (m) :% Z x(n)x(n+m),0 <m < N-1

R, (m) = RN(n—:m) m=1,-2,... N+1
LR PEARSCTT e AR, DU B A A S R L >=2N+1

1 L—-1

R, (m) = WZ x(Dx(({+m)),

- % IFFT[X (k)X (k)],0<m < N-1

— L, |m| <M << N, FHEFIHERFETEERK

2.Raderix 2: 19E
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RN(m)—% Zm: x(n)x(n+m),0 <m < N-1
n=0
x(n+(@-1)M),0<n<M -1
vi(n):
0, M<n<2M -1
(n) x(n+(@-1)M),0<n<2M —1
u.(n)=
l 0, others i=1,2,..K>N/M
K M-1
RN(m)—NZZv(n)u (n+m)
i=1 n=0

1 & V. (k)= FFT,,[v,(n)]
—ZIFF T, (U, (0] |U. (k)= FFT,, [u.(n)]

= %IFFT Z V. (kU (k)]

‘u(n)=v, (n)+v+1(n+M)

N i=12,..,K-1
--.Ui<k>=Vi<k>+e’2MM" V() =V, (k) + (=1 V., (k)
MU, (k) =V, (k)
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Raderi=zH LD R
1V, (k),i=12,...,K,K =[N/M1,V, (k)=FFT,,[v.(n)]

o+ N 2M
ﬁ‘/ﬁ:ﬁo > log,(2M) = Nlog,(2M)

2U.(k)=V.(k)+(=D)'V,, (k);i=1,2,....K —1;

UK (k) — VK (k) K
3.X,(k)=V, (U, (k);i=1,2,...,K;  4.X(k)=Y X,(k);

ﬁﬁ%:ﬁ-zM:zN
M

5.R, (m) = %]FFT[X(k)], 0<m<M—1

2M
2

ek :

elog,(2M) =M log,(2M)
TS (N log,(2M) +2N
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BN See™) = Z R (m)e " .M <N-1 |HTEtTlw

— E~§f§ ()ﬁ% S -{%) .
X(Vl),n :0,1,...,N—1:> X(ejw) :Zx(n)e—ja)n

E X T (0) = %\X(ef”)f = EEEE

4 :S(e™) =1, (w)

N>

2N +1],

S.(e’?) = lim E{
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< EREMEEIRRE K R>

(@) =[x

1 N-1 ' N-1 '
— Z x(k)e™ ok z x(n)e’”
n=0

I N—
13 Z Z x(k)x(n)e /"™
NS
Lm=k- n k=n+m
I (a))_—\X(efw)\

ma

= NZi L Z x(n)x(n+m)e /"
m=—n-n NV 320

= ) Ry(m)e’r -
m="(V-1) = (@) FIEIAT M = N — 1 (19 Dy 3 i vt
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= ERGNEZESTTRE

<¥J{E>
[A] %1 (M=N-1) o N | |
E[S(")]= 3, E[Ry(m)]e’" = Z R, (m)e ™"

m=—(N-1) m=—(N—

B ESE)]=El,(0)]= Z (1- m |)R (m)e ™"
m=—(N-1)
r |m| Sinzﬁa)

B o=l PN -2

0,others N sm2 —

R (M=N-) R E B S T S — R

BIS(@)]=S(e) I, (@) = [ S W, (e ")do

2020/11/19 27 MMVCLAB



[

E[S(e)]= Z [RY (m)]e” "

i R (m)e"“’m

i W (m)R, (m)e™""
A

®)*S,(e)

sinfw(2M —1)/2]

1,im|<M ,M<N-1
:/H; EI:l : WR (n) — {0,|’0nt|hers b WR (0)) —

sin[w /2]
<FE>
RIEABANER, SAxm)REHFEILIER
S JoN - @2 o sin’[@wN]
Var[S(e’”)]= S. (e ){“—[Nsina)]z}
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x(n),n=0,1,..., N —1 = 73 K B, B BIMANEURE, N=KM

x(n)=x(n+iM -M),0sn<M-11<i<K
1 | G
—1 > x'(n)e’"| ,1<i<K
v %
Lo | S
LB (@)= 1}, (@)
i=l1

0 E[B, ()] = ELL, (@)] = S, () * W} ()

I (@) =

. 1 l. L e sin’[@M ]
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BT:S(e*)= Y R,(m)e”",M <N -1
m=—M

M=N-1 N-l

Ry (m)e™"
m=—(N-1)

mR — 1R, (m)FT A E D — Al thR, () ANTTEE, 75 22K
— S(e/ W7 ZEK = WP m KR, (m)XS (e’ I TTER = SR, (m) AL

Syr(@)= > w(m)R, (m)e ™"

w(m) < W ('), R, (m) < S(e’”) =1, (o)

m=—(M—1)
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E[S,,(e’)]= E[L (@) *W ()]
= E[1,(0)]*W (e”)]
= S.(e")*¥ W) (™) * W ()

M<<N M —oo

~ S ()W) W(e) = S(w),.. i Jilw
1 (M-1)

M Var[Sy ()] = S;(e")— D, w'(m)

N m=—(M-1)

ffe 55 22 BIFETE, —EM=N/5
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3BIE R E KL (Welchik)
IR+ BFYy

X(I’Z),n — Oa 19'"9N_1 — éj\EEK-Eﬁa E&M/I\E:X*iy N:KM
x(n)=x(n+iM -M),0sn<M-11<i<K

J,, ()= L MZ_:I x' (n)w(n)e "

MU n=0
SR~ oy Lo g
ﬁx:Savpd(e] ):EZJM(Q))
i=1

1 M—-1
A<i<K U=—)» w(n)
anO

- ELS, ()] = ELJ, (@)] = S, (") *I7 (&) W (™)

2

: 1
1 . W(Ee'")=——
() =77

M -1
- . w(n)e /™"
Var(S (€))7 2,
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BIS(e)]=S(e) ;' (@) = [ ("W, (e ")do

Q2 BAE AT T IR Bk A . wmwnsw>{“ﬁmﬂ

[NV sin w]

AT SRR P RE R, FE
BUPERFM “HR AR

-?ﬁﬁﬁzﬁﬁ%ﬁ%%%%#ﬁﬂN%@i§¢L$ﬁ

Z IR THR B R DI RIE T EA R — U

FERFH EANGRKKAET, SMEhTHT TR
ANAGTHRERN T ZRFE .
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