


2023/6/17

B—HEG/NET T
B &) BTN T
B EZmEHEINET %

WK E IRV E R

ERETHRE



(I

Mg (wavelet, (x)): BRIKEGRIE
B AR S R

B A AR
oo .7 +o0
c¢=[0+ Mdk@o E¢=/:°o () Pdz < oo

BEFEF—

EFRMHEY(x — )
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Iy [y
_:\ - ,l. ’ ’
NSO NNy
RAEMEV WY (wx), w>0
/'_"\ -
- w=1/2
o~/ N w—1 o
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1st order derivative of
Gaussian wavelet

cubic B-spline wavelet,
Mexican hat wavelet,
Gaussian-derived wavelet

Morlet wavelet

- Meyer wavelet
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Continuous wavelet transform (CWT) A ,/\//\
+o0
wavelet and signal leads

W, (w,3) = / FVorvlv@—uld
_ / oof(u)w(w,w—u)du igs

Local matching of
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Sk
—H<F

[N
TRl

R4
E
— Ar — Ak
%A.’E
X ‘— wl -t } w Ak
B yYy(w,x)EE %AX ; il
B J(w, HBEE: wik z =i

%Am - w Ak = Az - Ak = Constant
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= |8]- R
B k> O0EXFHE, v(OBFOH

/ OR
k.=

Ooo|¢<k>|2dk

B k> O0EXFHE, yOBEERN

1/2

/ (k= k) () 2k
—9| L0

Ak —
JRCIRY

B yYy(OHEEA

oo 1/2

IRCRT

Ar=2| —=

[ w@ra

(Chui 1997)

B SHTE S/ (Gaussian-derived wavelet,

GDW):
1 2\ ,-z2/4
Y (z) Zw@—x e/
. 1/4 ,
(k) =4(8§) k2e

Az Ak ~2.101

BRZMWNE S BFE S /DK (cosine-
weighted Gaussian-derived wavelet, CW-

GDW):
P (z) = 2 2¢ [(1—22)cosz — zsinz]e =/
T4\ 1+ Be
(k) = A l/A k(kcoshk — sinhk)e "/
V1+5e

Az Ak ~2.035
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5/l RE X W BIFourierig #1/8n &

O ﬁTttix;a:Tﬂ?E*”’J\:EH']CWT AR LB B F CWTFAE FFourierZ 1 H91E 43
MER, EEE/NMNERESFourieri 8B AL &
O *E?EMeyers etal. 1993#Torrence et al. 1998, 5/NEREwHEXS MATKEE K sen

A LB Tt E cos(kpsey ) FICWTIR T RI R KERFEE

COS (kpseu SU) CWT > Wcos (w7 $) — COS (kpseu $) {p (w7 kpseu)
l BA
[Wies (w,2)|* = 005 (Fpaen @) (0, K|

O|Weos (w z)|?

B |Wos(w, x) |52 G A EREIwH =0RE

a|/{b (w? kPSGU)|2

ow =0
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S5/NER.

O (W, Kpeen)|?

ow =0
l P(w,k) = ﬁ@(k/w)
O (s ) 0 _
ow
1 A1 Kkpseu
e w
o (1 fe)lfen _
oc,
W = Cy Kpsen

B GDW: ¢, ~ 0.8944

m CW-GDW: ¢, ~ 0.4282

X 57 BIFourier i /50 =

B BEREw=C¢,
® GDW: Ak =~ 0.6151, Ax ~ 3.4158

® CW-GDW: Ak =~ 0.4586, Ax =~ 4.4372

0.8

0.6F
0.4

0.2F

Y(w, z)

0.0f
—042}

0.4
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Wf (w,k) = f (k)9 (w, k)
ESHuHT LD (W, k)

W, (w,k) 9" (w,k) = f (k)| (w,k)|?

Fourieri# 35

1 +o0

or | Wi@RE ke ak= o [0k
o R
[ iy wa—wau= g [ " fee =

l?’f%iﬁﬂﬁﬁ%ﬂ?wﬂﬁ
00 +o0 +oo . +00 |,/ k 2
/ ( W, (w,u)¢*(w,x—u)du)dw: L f(k)eZk“"(/ [ (k/w)l d’w)dk
0 o0 21 [ o 0 w
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N +OOW (w,v)Y" (w,z —u)du dwz— (k) e ™i T |¢(k/w)|2 o dk
A T (R

~~~~~
~~ -
____________

Y AEE/NE, BEFourierZikiHEyY(k <0) =0

mk=0: f+°°|¢() dw = 0;
(00] i 2 (0 0) U ™12
k>0: Sk =k/w, M '1”(;;)' = [ B gy,
k /
B k<0 Sk =—k/w, )ﬂ|Jf+°°'¢(vvvv) = [ R g =

oo | 2 -
EXCy = [ "/’(:)' dk, &0 < Cy <o, WA

1

oo +o0 3 1/ . .
—— W, (w,u w,z —u)du |dw = =— k)e *dk
Y T ey I

(e o)
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E){Q/, = fO X

oo, MAH

o), (/oo Wﬂw,“)‘ﬁ*(w,w—wdu)dw:% / F®edk

1

1
27

27 J <o

/k y f(k)e""“‘”dk)* +

:2Re{%/k>of(k)ei’“dk} +f

UL

F@) = o / " F ke dk

r ~ika i r; -ikz : 5_k r;
f(k)e ™dk + o f(k)e dk+51/£1027rf(0)

k>0

1 L/2
/k>0

f(®)e *dk+ lim L f@ds

-L/2

2m

OOWf (w,v)Y" (w,z — u)du)dw}
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V() ASEH/NE, MEFourierZikid By (—k) = ¥* (k)

mk=0: f+°°|¢( ) dw = 0;
(00) i 2 (00} T "y12
k>0: &k =k/w, Bf’ "”(;vv)' w= [ Mclk“
(0 0) k (0 0] "2 (00) |2

oo | 2 -
EXCy = [ "/’(:)' dk, &0 < Cy <o, WA
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N oo |1 2 —
EXCy = [FO gy, o<y <o, ME

k
Cizb/ooo (/:wa (w,uw) Y (w,z — u)du)dw = %/kqtof(k)emdk

f@ =5 [ F®e
o [ Fedk+ lim & 7(0)

27 1o

= %/ﬁof(k)e‘““dk +f

f(z)=f+ C’i OO( +00Wf (w,u)zp(w,x—u)du)dw
vJo \J-

(o9}
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HEY(k <0) = 0KIEH/N
flz) =f+ lRe{/Ooo </+00Wf (w,u)zp*(w,w—u)du)dw}

SN
f(x)=f + (/ W (w,u) ) (w, x—u)du)
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W, (w,2) = o / i) ¢%> e

——
-~
’

+OOW (w,x) too °f+oo k
. u d""zzw[ f()(y[& w( — ) ek

V() ABHNE, BHFourierEi#i#E)(k <0) =0
+001/J( )

————————
-~
~
\

mk=0: f dw = 0;

B k>0 Sk = kjw, )ﬂlJf+°°"’( ) dw = et e

H o AL — +oo7~p( o '
k<0: &k =—k/w, Wf ) dw = [ ) g = o
\ +o0 Y(k 4

EXKy = [ L dk, 0 < |Kyl <o, WH

1 [ W, (w,z) 1
L 2 Quw = —— r — ik
KyJo \/E v 27 k>0f(k)€ dk
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EXKy = [F7 L dk, 0 < |Kyl <o, WH

1 [ W, (w,x) 1 / . B
= T = fk)e*dk
) Ve 27 ),

1 i ik
f@ =5 F®etar

_ 1 £ ~ike 1 £ ~ike . Ok ;

=5 k<0f(k)e dk+ 5 k>0f(k)e dk + lim o~ f(0)
_ (1 f(k) ~ike *_I_L/ f(k) “ike ql 4 1 l/Lﬂf( )dz
—\2r € o ., el P

k>0

:2Re{%/k>of(k)e_ﬁ“dk} +f

A 4

F@ =7 +2Re{%¢ 0+w%dw}
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W, (w,5) — 2i / N f(k)%emdk

——————
————————
/’ \

W), 1 [ '+°°w<k/w>
s e d’“’—ﬁf f(k)()[e ,,,,,,,,, ) &

W) ASEXFFRANE, W EFourierZ i By (k) = Y(—k)

5(k
W k=0: f+oomdw=0‘

mk>0: = k/w, )”Jf ‘(N) f+°°¢(k,) dk’;
P

B k<0 Sk = —k/w, W20 ( ) dw = [ g = e g

E XKy = f0+°°&")dk, F0<|Ky| <o, MA
1 oo Wf (’LU 37)

/. N dw =5 / Fk)e ™ dk
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EXKy = [[7 L dk, 0 < |Ky| <o, WE

1 [ W,(w,z) 1 / . »
— — = dw = — (k)e *dk
KyJo \/E 27 kqtof

F@ =5 [ F®e
= / Fwedk+ tim 2% 7(0)

= %/ﬁj(k)ai%k +7

A 4

5, 1 W (w,z)
f(x>_f+lc¢0 —f\/a dw
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Yk < 0) = ORI &N

f(z) = f+2Re{i = Wewz) g

KoJo  Vw }\

MorletA=;, Daubechiesetal.2011

SEXTER/ING
_r i e Wf (’lU,LL')
f@=F+g [
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DT RIRRI ST 2%
Tarnopolski et al. 2020,

Ren etal. 2022

FEZ5 /)N

THRA N A

EBR21cm S HIRIR & 51
Gu et al. 2013, Lietal. 2022
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N ELyman-a FEY/NRE LM
Wolfson et al. 2021
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Tary etal. 2018
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U(w,z) =¥ (w,r) =w??*W(wr) r=|7| //[:o|\lf(w,3;)|2d3?c:1
@(w,/;) = U (w, k) = w‘g/Q\i/(k/w) b — |]_§| #///jpif(w,/?)ﬁd%’ﬂ

% E E T GDW % a1 5] £ CW-GDW
. e M r) = 2 2¢ —r?)cosr 1 —r|sinr e "/
¥(0) = G 6 e V() = 3y gz | (4= r)eosr +2( 7 —r)sinr e

2
N 3)1/4 A {m3/4 : kK
(k) = 16 (27°) L2k U (k) = ——k(kcoshk —sinhk)e 2
= 15 € v/ 9+ 55e
1.4 ; ;
Al Fourier domain | 19k Real domain ] - Fourier domain |
- — =y 1ok _—w=c, ] . — =y
—_—w=2c, ’ — w=2c, —_— w=2c,
1 = a0t —w=i ] o 0 | = a0} T
s 5 osf 5
o> > 0af =
2.0+ 0.2k 2.0F
0.0
%0 2 4 6 0% I ) 3 s 5 0% 2 s 6
k r k
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U (w,z) = (w,,2) ¥ (w,,y) P (w.,2)
= (wow,w.) Y (w,2) Y (w,y) P (w. 2)
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W, (i5,5) — ///:Of@)\p(@,z _i)da

@ =7+ [ vy W @pea

__ . l - 3=
F=lim 5 [ f@a's

IC\I,:/;OOMdk
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RE [ B 25 [a S £ /iR

U(w,0,0,7) =w*2U(wRy,3) |
\if(w,é’, ¢,IZ) = w‘3/2\if(R9¢l;/w>

cos @ —sin ¢ 0
Rys = | cosfsing cosfcos¢ —sinf
sinfsing sinfcos¢ cosf

cos¢ cosfsing sinfsing
Rys =Rj,= | —sing cosfcos¢ sinfcos¢
0 —sin6 cosf

[i£]: “A rotation in the spatial domain corresponds to an identical rotation in the
frequency domain.” (https://see.stanford.edu/materials/Isoftaee261/book-fall-07.pdf)
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U(z) =

(271') 3/4 vV 1561 €o

U(k) =16(2r°) 1/ [ 22 k2e ™

15
E [ HY & [ FPECW-GDW
2 2 1 -
U(z) = a7 (9+5566)€1€2 {(4—rf)cosre —|—2<—e —re)smre}e /2
5
(k) =8y | g ee— k. (k.coshk, —sinhk)e *
Yy 2 P 2
r=m (D)4 (2) R=VET @R T @R ae>0
1 2
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B PRF-BRAV, = L3E'JHHHI$_L7?1ZK 28], ZEEADTHMEN, THLF, HilH
FHIREAm;, WEZEXLHREZE A

P(f_ﬁ) — ZmiéD(i_fi)
D BERES ’V
6(z) =p@)/p—1= —”ZmiéD(i—Zy) —1

R ERF IR ELNE TR
Ws (w,Z) :/6 (0)V (w,z —u)d’u
== ﬁzmzw(w7£_ﬁ_%z)
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W5 (w,T) :/(5 (0) ¥ (w,z —u)d’u

(m+1L

(n+1)L (g+1L
= Z / / 6 (u) ¥ (w,z — u)du,du,du,
nL qL

m7n7q mL

LU =1~ ﬁmnq' ;E;q:lﬁmnq =L(m,n,q)

v L L L
Ws(w,z) = Z / / / § (") Y (w,% — Pong — U') du,'du,'du,’
mmgdo Jo Jo

FRIMSBARDSN, FH0ERAU

Ws(w,T) :/ 5 (W)U (w,z —u)d*u U (w,2) = g U (W, 7 — Prung)
v, m,n,q
V, .
§(2) = — m; 67 (z—7z,) —1 . .
j @ =37 2 mé"E—E) PR /N B
Ws(w,z) = % E m;UF (w,T — Z;
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