N =2y L& ERRE

2. N —2ZRY )L & FEEARAEK

o MR &IX?
o MEERAEK & X7
ZENEHGHRELE AT DIFEOEROEEDRER (2(t), y())
o INTJ—ZRY MNLEIK?
EE (z(t) D7—) IEH (X (v)) DRI ZRT IER
@ Wiener-Khintchine D EHE
N —2ZARY ML & EEHBERHORRF
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21 /17 —2ZRY NILDESH

TV R —2RY NVEE DES
/ X(w)etdw (1) X )|2
w
Xw_[:wrwﬁ ) S(w) = fim = (3)

o ES DRI w Mo DRIERRE T ICET 2IRIEE EDIFY
o MIABERITFFAL

S(w)dw DINT—=ZARY ML EKRT
o | X(W) EIRILF—ZANRY NUVEE SR

° RITHEMT: FTofz : (X] = [ -]
Power spectral density : [S] = ['Xlz} = [2% -]
Power spectrum © [Sdw] = X%%] = [2?]
Energy spectral density : [1X?] = [¢%?]
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2.2 18

BER: YV TN f (i (1, ,N))
T OBE[f=LY 6 @
=1

2 o} =E[(f-E]’] (5)

18R ZODEKE (v, v ) PREEZXRTIER
I
C=E[zy], or T:—E[m’y] (6) Y Y
BB -] J.
(I;:IZ—E[I], y;:y’b—E[y]) o ©lo o ooﬁO T
No correlation Positive correlation
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2.3 tHEARAEX

x, y BIRERIT—4% DIFE
1 [2
m t) dt

eg x(t): FKE,
y(t): NDKE

(x(t)), (FFRETI) (7)

AU A YN

t
o FFEEN
o MIAWESDIE(L
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MHEERERAE & B AR

M E HERIREK (cross-correlation function)

— BCHEREREK

Cof(r) = Jim 7 [ sttt + )t = (Ot + 7)), (@
—DOEBOHIER LEIBA (y(t) = 2(t)) TERBMEARS,
B 2 48RIRI%K (auto-correlation function)
C(r) = Jim 7 [ aa(t+ e = (w(@)at +7), O
R Cr) _ ( (2) t+7))
T x(t)x(t+ 7)), _
M0 =o0 Gy, - O
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A HIRE D B CAERIRAE

(eg. 1) x(t) = Acoswit

2
T T
z 2
:AZTH_I};C [; /_; wdtcoswﬂ'f 7/2 szwlt dtSanJl’T:| = A?coswl‘r
—_— —_—
=3 =0 R(T) = coswiT
. ™
(e.g. 2) z(t) = Asinwit = Acos (wlt - 5)
1 1 t—1)) 3 t— A?
C(r) = A? lim /2 +C0q( (w1 2 dtcoswlr - 7/2 n wl )) dtsinwiT| = — coswiT
T—oo|T J_1T T 2

R(7) = coswiT
o AHAMNIRND,
o RIABICIHRTF LAV, — t DIRRICITKEF LW,
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B CHREREHBOME

o FEmICHRTE LR\ (FEFRER)
o BEAEME (C(—7)=C(1))

C(-r)= Jim 1 [ satc-nyar @ =t-7)

T
_ b / NS, Z
77“11330 714:5(75 +7)z(t') dt <2 > \T|>

N

= lim x(t' + )zt dt' = C(7)

T—oo J_T

|

N

(z(t) £ x(t + 7)) dt >0

LHS — xZ(t)dH/x2(t+r)dtﬂ/x(t)x(t+r)dt

C(0)20 (020 o)
=2(C(0) £ C(r)) > 0 = RHS
-.C(0) > [C(7)]
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o C(r) @ 1 B“‘Mﬁ

dr T%oc T or
[ —
=a!(t+71)

(Replacing t + 7 = ¢ — dt = d§, because Lf;:‘) =1)

= hm B (€ — 1)’ (€) d¢
L4
= lim 7 z(€ —7)2'(€) d¢ = (a(t — 7)w

T—oo J_T
2

o C(r) M2 BE‘“M%

C'(r) = (x()a"(t + 7)),
tfmi t—r=n&BFE (A = 1))

T
2

—hm (=2’ (ma'(n + 7)) dn

\ NH

(t+7)>

! /; o) 2T = (o)l (14 7),

),

1ERIRI%K

2(t) & 2/(t) D

GERER =1 S

x(t) & 2" (t) D

GEEERE[ES|E SR

AN

x'(t) D
BoHEEEHROE
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24 /I8 —2Z2RY ML EBSHEBERKROBR

BESDERSE: (z(t) €R) 7—Y TR
1 00 - 1o it
{E(t) 7é0 —%StS% x(t):%LwX(w)e] tdw(:ﬂ/ﬂoX(wk dw)
=0 elsewhere

X(w) = /_oo z(t)e It dt

(T) hm T/_ z(t)x(t +7)dt

. 1 1 > No—jult g 1 ) -
—dim — [ = x* w 3 | K@
Jim / . [% [ e @)t | at
= lim / X(w)ej‘”/ X*(w / N gt ) du’ duw
T Tooo 27TT

SR

S(w—w')
= L lim MeJWT dw = _/ S(w)ejwf dw
27 ) _ oo T—00 T 27 J_o
N————
=S(w)

C(1) & S(w) DHFEFT IC7>TW3,
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Wiener-Khintchine @ EE

Cr) = % /_ T S dw (10)

S(w) = /_ T o ar (1)

(1) (z(O)z(t47)), C(r)
VT LT
X (w) (X (W) X™ (w)), S(w)

() BUAIRRRE T — oo DIFHE DI
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25 V7ORRARY ML EBBEERERBE#

JORARY NILVEE

Cry(T) = %/ Sey(W)e?“T dw (12)

Czy(T)e_j‘” dr

(13)

= (XM (@)Y (W),

X (W)Y (w)

(14)

T

Coy(r) = jll_rgo % [i )yt +7)dt = lim l/ ¥ (t)y(t+7)dt (N y(t) € R)

SR

z(t),
- lim ~ / (w / X*(w)e It dw) <i /w V(@) dd) dt

T~>00T
’)( / ej(“’/’“)tdt> dw' dew

= lim

JwT
T%oo 27FT/X (w)e /

= lim

o Xo@Y (@)
w T—o0

= % e]w'r dw = % /W Sacy UJ E]wr dw

JwT _ _ * JwT
TﬁooQﬂ'T/X (w)e /Y No(w' — w) dw' dw = hm 1 5 T/X VY (w)e?“T dw
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T —2RY b L EAARIRE BRG] d

JORARY MLOME

T

Coy(T) = 1m %/_; e(ty(t +7)dt = Tlgr;o%/_; y(t)a(t -y dt = Cly(—T)

= Coy(r) R (o z(t),y(t) €R)
Say(w) = F{Cuy(7)}

Coy(—7) = Cy(T (15)
Say(—w) = Sy (w)  (16)
Spl@) = Syw)  (17)
Siy(—w) = Sya(w)  (18)
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BEEIH

A =

JBRZARY L EIEEAEREBIE

g(r) = f(r+4),

(—8,16)  (Image size:128x128)

~ F
L
(—8,16) |(=8.0,16.0)

POC:Phase Only cross-Correlation

g(r)=f(r+ A) DIFE
G(k) = e*AF(k)
F*(k)G(k) = &4

(¢r(k) is canceled.)

O =7 {{4) ]
= i 7oy [ 4

1

L—oo

dk?

4
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[BlE5 - H KR

A = (-8, 16),

g(r) = f(a®-r+ A),

1 cos 6
a—§,®_ ( sin 6y

—sin 0y

cos ), 07 = 30deg

. CF G
(Image size:128x128) I:{}-,l (FH I FIH I

Cartesian log-polar  |Hanning-Win. Cross-corr. of I
- . rand I
(x,y) (kmky) (kHIOg‘kD (k9710g|k|) (kg,log\k\)
I (k) = [F(k)] H{lr(k)} Crpig (k)
: w/o POC w/ POC

29.4
—0.682

0.505

0.710

log scale
[0.05, 500

log scale
[0.05, 500
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