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P(x)=P(X <x)=[" p(x)dx

0<P(x)<1P(—0)=0,P(0) =1,P(x) < P(y) (if x<y)
Q pdf

() ==X e P = [ pv)dv
d x

p(x)=0,[ p(x)dx=1,P(b)-P(a) = jb p(x)d X
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Ly = E{X}:jixp(x)dx
D? = E{|X|2}=_[_O:o|x|2 p(Xx)dx

o =E{X = [} = [x= [ p(x)oix
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(Skewness) Skew = E{{x — A T}
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* T
2= E{(X-ne) (X-ny)'| N x N
- o cov(X,, X,) -+ cov(X,, X,)
cov(X,, X,) oy, - cov(X,, X,)
cov(X,, X,) cov(X,,X,) - o

N

cov(X;, X ) =3, = E{(xi - ) (X —,uxj)} X, X,
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X (t) t, X(t,)
e (t) = E{X (M)} = [ %py (%, 1)dx, E{X ()} X (t)
t X (t) t
. D? (t) = E{|X (0"}
= o () = E{|X (1) - a2, (O }
d ( ) e (L 1,) = E{X*(tl)x(tZ)}
M
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COV (t1’t2) =E {(X (tl) — Hy (tl))*(x (tz) — Hy (tz))}



X(t) X(nTs) X(n)

X (n) x(n,i) x(n),
a) n x(n,i) n
b) i x(n,i)
c) n i x(n,1)
d n i x(n,i)

X(n) n

1 () = E{X ()} = lim 3 x ()

i=1

o (n) = E{|X (n) - ﬂx(n)\}—nm Z\x(n,i)—ux(n)F

D2 (n) = E{\X(n)\z}z LingZ‘x(n,i)‘z
Il (N,N,) = E{x*(nl)x(nz)} = hIliLTJO%ix*(nl i)x(n

cov,, (n,,n,)=E {(X (n) = 21 (1)) (X () = (”z))}
4!:” — lim iZ[x(nl,i)—lux(nl):l*[X(nz,i)_ﬂx (nz):l
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P (X0 %o+, X 30,y -+, N ) = P (X0 ) Py (%550, )-+- Py (Xy50y )
X (n) n,N,,-, Ny
(independent and identically distributed, 11D)

X(n) Y(n)

Pxy (X’ y ;nl’nZ) = Py (X;nl) Py (y;nz) vnl’nZ

Py (Xiny) Py (Y3n,) 1D
cov,, (n,,n,)=0,vn,n,,

Iy (n,n,)=0,vn,n,,
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OO R, FibURRE

t

OV, (t,,t,) = E {( X (t) = s (1)) (X (t) — sy (tz))}

t

o (1) = E{XT (1) X (t,)]

COVi (1) = E{(X () = 4 (1)) (¥ (&) = 45 (1))}

e (b, 1) = E{X (L)Y ()]
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Py (Xl’XZ’“"Xm ;nlinzi""nN): Py (X1’X2""’Xm ;n1+k’n2+k"”’nN+k)’VK

X(n) N N=12--,0

C ) ( )

X(n) n(nuny) n
n, n,—n,

Hy (N) = E{X(n)} :/ux’U; (n)= E{|X(n)_/ux (n)|2}: J)%
r, (N, n,) =E{X" ()X (n+m)}=r (m),m=n,—n,
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0~2x

X(n) = Asin(2r fnT, + @)
p(p) =Y27,(0< @< 27),

A, f D
X (n)

X (n)

2
%joz Asin(2z fn, T, + @)Asin(2z In,T, + p)d o =

ty ()

rx (nl’n2) nz _n1

ty (n) = E{Asin(27 InT, + @)} = IOZ” Asin(27z fnT, + @)p(p)de =0
r, (n,n,) = E{X"(n) X (n,)} = E{A’sin(27 fn,T, + ®)sin(27 fn,T, + @)}

2

A
7cos[27zf (n,—n)T, |

X(n)

y
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J RGO :gj_w\xug)f dQ,

X(jQ © X(1)

LT e Lo 1 )
mﬁj_Tx (t)dt_zj_wmﬁmjgm dQ,

X(JQT)=[_x(e ™t 5,(j) :m%mjg,nf

Sy (JQ2) Q X(t)

£ S, (1) = lim = E{[x (i T)f | ——==_
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(Wiener-Khintchine)

I (7) Sy (J2) r(7)

. o0 i r 1 o0 . . -
S} (iQ) | r(r)e ¥ dr, r, (r):gj_wSX(JQ)e’Q dO

S(@) Y r(me ™, (m)==[" 5, (")e " do
— /e
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u(n) S, (e') |a)| <z o’

L(m) == s,(e")e " dw=o’5(m)
2w "

m=0 S E{u(n+i)u(n+ j)}=0,Vi, ]
O
D HARMA”
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Q X(n) Y(n) (

r, (M) =1, (M) *h(m) *h(-m)

()
Ny (M) = 1, (M) +h(m)
Sxy (ejw) =Sy (eja))H (ejw)

2

S, (e'”) =S, (e")

y
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- 1 u(n)
y(n)
r,,(m) = E{u(n)y(n+m)}=r,(m)=*h(m)
5 m=hm,(e")=H(e")
2
a LSI X(n)  Y(n)
X(n) 1
2 (6) B (e 1 e —JH (e”)
Y (n) R, ("),
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(M) = E{X ()X (n-+m)} = fim =

i
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£ (M) = E (X)X (M)} = fim -3 x(mix(n+m,i) = |

—>0 i1

2M +1|.5
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P (m) =P, (m) = lim E{




r,(m)=E{X()X(n+m)} = %ix
P, (m)=P (m)=lim E{ i x(n)e 1"
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S,(€) = Y K (e, (
S, (') = limE {% ix(n)e"”n },(
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o 19 Schuster X(t)
(periodogram), FFT
1927Yule Walker Yule-
Walker
o 1930 Wiener Generalized

Harmonic Analysis

o 1949Tukey
Blackman Tukey1958

Wiener Tukey
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o Yule
Bartlett1948

Levinson1947
0 1965Cooley Tukey

o 1967Burg
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x(n), n=01--N-1 i=12.-m, m
y(n),
y(n)=ax (n)+a,x,(n)+---+a,x,(n) o O O

a=[a,a, a9 y(n)

E=2 -3 =Y e(nf © © O {
,«

GE _
oa
A i = (X"X)"X"y, En =Yy - y"Xa

E=ec"e=(y—Xa)"(y-Xa) 0

A Syeach & Lsnguage Pracsssng Grogy http ://WWW - anu -as I p .0 rg

Nortraeaten Pobtecheical Untversily



: X(n) n , X(0), x(1),---, x(N =1),
N x(n) o, 0 0 (
O

o
b=-3 Ax(n)=—p*X
B:[ﬁo’ﬂll”"ﬂN—l]T X :[X(O)’X(l)""'X(N _1)]T ’

OOO

mse[é] =E {‘9 y

{=E{(0p*x)(0+p"x)"]

mse[é] B

0 -1 2 Hp
ﬁ - _Cx Fyy mSemin =0y + erB
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s=Efe"(n)}=E{[dm- yoT |

— etpofe i
d(n)
X(n) =$(n) +u(n) ymy _— XF e(n)
—  H(®
x(n): s(n): u(n): d(n):
(1)  d(n)=s(n),
(2 d(n)=s(n+A),A>0
3) d(n)=x(n+A),A>0 (prediction)
y(n) d(n)
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) el 360} ~£ (0] -0
- pia[ 6]=0
lim bia[é] =0
mse[é] =E {‘0 = 632} = var[é] - (bia[é})z

mse[é] =0,
v
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