S FE KREEXRF & AIMaP V—2rYay”

D=7y hHERE TEANDIGFE

OKU & AIMaP 2019 Workshop

Wavelet theory and its applications to engineering

EfE: KIREEKRE, AIMaP

G RIRBBERFE REFFy/NA

HfZ: 4% 1 % 128 5 H(R) 13:20 — 18:00
S 1% 128 6 H(&) 10:00 — 13:00



mixFEAL

KRB A € AlMaP

Advanced Innovation

Dx—7J0Lvy NERETEADIGH

201912 A5 H 1236 H
RIFBEKRE RESFF ¥ o8 PfE 2B 1 (A) #RE

2019 &£ 12 A 5 B (K) 13:20 — 18:00

13:20-13:30 FEED®KRE

13:30-14:30 ER : F4&R (KREBEKXE)

[EE%,%E(%%&ﬁﬂiki)

EPAR—I DT Ly hEAVEERY T —T Ly NEROBEHEICEATZER - - - - 1]
HAR—=NLDz—7Lv b (Gabor wavelet) 1%, WEEEIEEMENTIZH II2ENZEE2E>DY = —
Ty R LTHIONTWED, ZOvz—7Lvy b, o568 EYc—7 Ly NEHIZHWS

NTHEH, INFTHEHRY = —T Ly NEBUIZHAWONS Z 2R o7z, I TRIIETIE, AV

VFINDHR=L Tz =T Ly MIBR/NBROWIEZEL 72, BPAR—LV7 =T Ly bZ2HNT,
AL P z—=TLy b T L —LDHFFFE2AAD. TUT, SSITHEDOEWVELTAR—NV T z—7T
Ly NEAWE, IEIEREMIIETSE, WU z—T7Ly b7V —L0FEEE2ERT 5.

15:00-16:00 [EEfK : $ikERX (GREBEFRE)
EF ChBmRAT), TAR, BER— (KRHABAS)
BUEEBRIGETI—TLY MBATICDWT  + o o o o v o e o v v v oo 0 v 0 o o 23
EIEEHHIBE 22 & 0 SAM F I E 5 2 T 5 N7 B IE 5 A OBEM BRI 7 — & 5 &S Bk &
WD T A8, TONKIGKEEORMEIZISUTED L DIy =z —T7 Ly Mtz AW E 01z
DWTHREL, TOTENIGHDOAENEIZ DO WTHRT 5.

16:30-17:30 ER : BARE (GREKRZE)

TERERT)
DWT NA T4V &) TIVDES ICEKBBESBE  + = o v 0 oo v o oo v v v e 42

ATHI)TT7 18Ry = —T Ly NEMEMAL -7 — XBE#TGE  DWT B X OEL v Y 7
VT — REESALEEHE - DES 28K 5. IHmEAM L, RICHEHROMIE L KL T, AMDOANE
NOYIDEEE IR NE DT> TWS. EHEAT O LY, BlREEH LD, BEE2527-07
LZ2T, TOXSLEREZERTLIZEHD. TOXSREEEENT 5121, DWT AV Y R
EREALT, RINCT—XZ2MDRAT 1+ TITRET D2HENDH D, TOHIEEZERNTLDIE, 7—
READEGEBTTDOEBUIZIZL A LB TNE72HTHS. M) TIVDES AV Y R, F—XE2T YV
I—KLU, EMOFa) T2 LT, BEINET—X2RRTI20PH LWL 5125572012
ERETHD. ZOSHEERZBERTLZDOIEZ, TV—b75x—A, BRUEZTL—VFF 2 b8 X OCBA
DTV —VTFFAMNKBIZWHUTHMERHL7-0TH D, TAMIEDILE, HEDOHEAZ, HLX
LAY T A NOEBERIEIZ LT 100 %iitEAH 205, vV I T, Yo XL, [AEE L 72 E G
TEZIZZ U ETHER RN, DT AN UTEET — X 26R7 5.


reviewer
OKU

reviewer
AIMaP


2019 £ 12 A 6 B (&) 10:00 — 13:00

10:00 — 11:00 ER : EEHSEF (BWLUKXKEP)

FAR (ARBBAF)
Mellin Z#%5 B\, BROILEK - SENERERDODZBERERICDOWVT « « ¢« o ¢ o o 62

(2 DOWEEDLK - ME/NDERIZH 20850, HERRIZEDOREED ] 2R 2%, N
R— VBB LV BWTEBERINIETH 5. REHETIE, AT —VEBIZN U TAERERTH S
Mellin Z#1% T, HEROILKREZ KD ZBUEFEERIZ OVWTIHRR S, & <12, HEOFETBED
WEBEREETES 7 — ) TEOHOMEIZN LT, Mellin 2% W2 560EMA - MEEAR Y %

Ham L7\,

11:30-12:30 KR : EESF (BELX%)

FHE— (KREEKXE)

MU TTER T E R

MR IEMEZ I OE ST IS W TEHERKE 2 RZLTWE., 7—) T4, 575K
1, DEURT =) T, 7L XOVERR Y OEBUIL, MY IEEEORREGAE L UTH|RD 2 e h
TE5. Lo T, WitHERBOMIVIEEERZEZEZ 5 Z L IZEKRY H 5. AHHTIE, ML
MR IEHER W% 5 2 5 ECHEbY) R AR OE HZ2 B, VUITBHERP EHEZHLO & R EHEIZ D\WT
RS,

KIRBEARZE REFF v v/ R £ 1 BHEE

T 543-0054  KBxrii KESFX M 4-88  #HFE#E S (06)6775-6611
JR RESFER, HNBRKEFI, EBRBTEE R N, 457 10 2.
JR SFHMETER RN E, 4EH% 5 7).

R ARRHZTR - K4 - E2EP NS 580850 X7,
https://osaka-kyoiku.ac.jp/

BETRNVARN I R=23 VTS9N TA—A
AIMaP : Advanced Innovation powered by Mathematics Platform
https://aimap.imi.kyushu-u.ac.jp/wp/

AR

SPASE, PR, ARMESR CRIEEKRT)

e-mail: morimoto@cc.osaka-kyoiku.ac.jp

tel: 072-978-3665

https://www.osaka-kyoiku.ac. jp/~morimoto/TENWS/ws2019HP/




B
foh
5

Tl

OKU & AIMaP 2019 Workshop on Wavelet theory and its applications to engineering 1

)

EUAR—ILIT—TLybERALE
RERL VT —T Ly DEREHEIC
S RE T

FH & & &
SRRMEFXRE

Contents

1. Preliminaries.

2. We introduce our proposed Hilbert transform pairs of orthonormal
bases of chromatic-scale wavelets.

3. Comparing between Gabor and our wavelets, we appeal why we
want to use the Gabor wavelet in the discrete wavelet transform.

4. For this aim, we propose “Tight wavelet frame using complex
wavelet designed in free shape of frequency domain”.

5. We construct the tight wavelet frame using an approximate Gabor
wavelet.

6. The dual wavelet frame using an approximate Gabor wavelet.

The contents are like these.
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Preliminaries

The inner product of the functions f (f ) el’ (R) and g(z‘) e’ (R) :
(f.g)=[" flt)g)ar

The norm of f(t) el’ (R) .

IA={r.17)

The Fourier transform of f (t ) el (R) .

(f)(a) J. f la)tdt
The inverse Fourier transform of f (a)) el (R) .

F(r)e)=/( =—J /(@) do

We use these formulas.

Our proposed “Hilbert transform pairs of orthonormal

bases of chromatic-scale wavelets”

. .17 18 19 20 16 17 18 19 20 16 17
relative ratios 16 18 I} i3 16 7 5 16

17 18 9 17
o RAARAAARAAAAAAAR

—_
(o]

The original chromatic scale

. . Ri+1 . n+l1
All the local dilations T Z are represented as —, neN.
J n

Roy B _17 R _18 R 19 R _20 R 16
"7 R, 167

b b b

N
R 177 R, 18 Ry, 19" R, 15’

R _17 Ry 18 Ry 19 Ry 20 R, _16 R, 17

R, 16~ R, 17 R, 15" R, 16

b b 9

R, 18" R, 19

b 9

Riyrik =2le, k=0,1,---11, leZ.
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The analysis of the sweep signal

Wi

1 WWWM |

|

|

2
o sin| 22|, 0<n<N, with N=1024.
‘ Jo= 4N
h

0, otherwise.

The qbsolutu of the wavelet LOLﬁlL]Ln'[S

%0 ‘d " ot GQ?T (I;Pon - Jw,i
d_&":o i ] T*Z’;"
gl Ll
el
el Ll
el
5
Hilbert transform pair of wavelets
of level-1withp=0and b=1/2.
‘:' | ‘ﬁfl,o(w}
~og- Time j Frequency
o domain domain
” t ” b * wlr

Solid line broken line
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Which 1s better?

We want to use the Gabor wavelet for digital wavelet transform!

Hilbert transform pair of orthonormal wavelet bases Trapezium=+4

T N '
—— Real %
T | & Y10 (e
............ Imag 3 1
I J
_ot Time
: T (t ) T |
domain . :
-04% 0 50 09 0.95 ! 1%
) wln

Gaussian function

4 T T T T

Gabor wavelet (5 =4)

Frequenc AG
0.2) 3k ! . y v (a)) 4
............ domain
o o i
-0.2 Tlme (//G(t) 1+ 4
domain
- 0'3 20 —-10 ; 10 20 N 11,{) 1.8 12/ 21.2 21.4
2 |
Vo) =— Ry Gl
- ~G 1/4
P 7 (w)=\/257z'/ e 2

RMSHEGERFRE 24, ERMS/NURIE 24,
' Gabor wavelet (5 = 4')
g ; jVFr'equervlcy ' 'AG(a)‘) |
1 domain
e 2;2 27t 15 18 (02/77 ;22(“"2:)2

l/?G(a)):\/ﬁﬂ'wei 2

For any wavelet [" tlw ey ar ‘ [ oli(o) do

p(O)e CRNCR) b :W — (i) — @ :7r@ o) do
1/2 1/2

o (¢ 2, (Voo
\ - L”(toc ty,)z\w(t] t B A, - Lo(ww of )Z\x/;(wX w
[ ) a [Lp() do
. . 1 1

Uncertainty principle A, A, > 5 Ay = > Ay = 0.50000000.
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Which 1s better?

Considering the uncertainty principle ...
Hilbert transform pair of orthonormal wavelet bases Trapezium=15 %

T

— Real

‘1/7-1,0 (‘01'

0.2

~o3- Time Frequency
. T . 7
domain domain
“ 09 0.95 1 105
ol/x

Gabor wavelet (5 =4) Gaussian function
fFreauency [ yo(y)
............ omain
—02F Time G 1 B
domain 1 1 ve()
=20 - 10 ; 10 0 1.6 1.8 a)Z/ﬂ_ 22 4
A A s =0.50000000
y' Ty
9
’
Any other wavelets’A A
Considering the uncertainty principle ...
Complex wavelet based on Meyer wavelet Trapezium=15 %
N — Real | " M (‘0»
os Tlmg ¥ v () o Frequepcy
domain , domain
T 1 a)/ﬂ 2 3

TA LA, =0.66457075
" "y

Stockwell orthonormal basis (classical Hardy space) Rectangle=& 75 %

— Real ] l/}S(a))

_os Time S() o Frequency
: g 4 .
domain domain
1 1 1
T 0t s 10 0 1 a)/ﬂ 3

A sA s >12.91125142946208000 (FtEAATHE)

10
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We want to use the Gabor wavelet for digital transform!

For this aim, we propose the following method:

1. We design the original mother wavelet
having free shape on the frequency
domain.

2. Using the original mother wavelet, we
construct an approximate tight wavelet
frame.

3. Based on it, we construct a tight wavelet
frame with minor modification.

11

The tight wavelet frame using
an approximate Gabor wavelet

Transform { P d! N } Inv. transform
Jn?

1)

dl, =(1.wle), ,4,‘"=<f,l//2ng> 1 Aog{ZZdP EDIPI AT

Jjelnel

l |

%,_/

Remaking

0 orhtewise.

AOg ~ Oris
e ()= . )l// 2(w), w,<o<w,

Transform !

Py N} Inv. transform!

= £(t)
| ST 00 L }t

JjeLnel Jje€Lnel

f(r)

=yl d, = <f N

A Orig

1) ARm{zz@f VWO S S, wRM}wf;mo}, i

Rem'
jeLnel Jje€ZLnel 14 H

12
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Theorem 1 for tight wavelet frames
The Fourier transform of w(¢)e L'(R)NZ*(R)
has a compact support of length Q2 as follows:
<suplle) < £\ i)

0.6

supp 1/}((0) = [a)0= 2 ], Wy <@, O

0.2

0<Q=w —w, <o. ’ .‘.6{ is é 2.24 ol
{w,(¢):neZ} is defined by
v.()=yli—pn)nez},
0<pQ<2r.
p >0 is a constant real number.
We define the following transform of f(t)e L*(R) .

)= (fowwae).

Then we have  "<Z o AL ]
;\‘/’(a’k

0.6

WY f=L(R),
Fw rlo)=- it |

f (0)) 9

1 1 1 1
18 2 22 |24 (d/ﬂ'
K<— Q >

13

The first step 1s the design of
the original mother wavelet v ()

0<sup ‘z/}o”g (a))( <0 | Vom ]
weR L 1

- w

{>O, Wy << @,

l/}Orig . . ; ‘ l/;drfg(w):
=0, otherwise, i ]

@

Q=w —w,>0.

~orig( [
The original mother wavelet must be normalized [V (@) ]
and have a compact support on the frequency : 1

domain, but its shape is free! o

We recommend the positive real function value, easy to treat

14
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The Gabor wavelets v“(¢) st
ime N e requency e s, o7
domain ¥ ()= ;[1/4\/56 ¢ domain (@)= V2o7
| Time ‘ vO() | Frequency 7%(w)
domain 1 domain 1
0=1.0"
= 0.5] T |
-! —‘5 ‘o ‘5 t °1 ;.5 ‘2 2‘5 /T 3
1 T T T 3 T T T
Frequency v ()
T domain ]
o=
- f' 0 " [ f' " 7" (k3
o dTim? wO(r) Frequency (o)
omain *  domain B
5 = 20 0 AV
=0.5] T |
! :5 ‘0 ‘5 [ 7 1.5 ‘z 25 O TT 3
15

An example of the original mother

wavelet

5 (w-2r)
vo(w)=~267"%e 2 |

o=1.5.
w,=rn, o =3r, Q=2r.

v?%(r)based on Gabor wavelet

0rig’( )
Orig _ 4 4 L
l// t)= NP Normalization
Orig
v
~ Oric' ~G The original mother wavelet must have
l// & (C()) = W(C())l// (C()) a compact support on the frequency domain.

Window function

3 T zz' 4cu 47[ 5
T<W<=T,
W(w) 4
2r 11
7zz< w<?7r,
1 . Frequency‘ 72’ 4w 117r l]
domain —r<w<3rx,
0 : |3 4 otherwise,
@, “35 84x+70v2—20v) 0<x<l.

16
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The distance p>0 between wavelets in
level 0 and the dilation a>1

0<pQ<2r,

0
l<a<—L,
)

Example of p>0 and a>1 based on Gabor wavelet
can be setbasedon w, =7, w =37z, Q=2r.

0<pQ<L27z mmm) p=]|,

1

l<a<? wmmhy 5-24
2

2 to the power of 1 quarter

17

The second step 1s the construction of
an approximate tight wavelet frame

w2 (0)=aly (i - pn),
™ r)e)= > > Fow e w0 (o).
Then we obtain 7"

F(W‘Vo”g me) = % >

jeZ

2 A

/(o).

fluctuation = 5.6%

e (a_ja)J

1 Ori, V?
; — 7Yrg | )
Orig(w)=— Z W (a a)] .
jei i orig(w)
| Frequency
domain

o)z

18
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The positive frequency domain is analyzed as
v (0)=aly = (o't~ pn),
" =2 T e W e,

]EZV!EZ ‘" Frequency Orig(w) |
(WV’ 1 @)= Orig( )f( ). 7 domain (@) |
In the same manner as above, e AR

the negative frequency domain is analyzed as

( ) Zz<f l//o”g>w,02’g()' :

JeLnel T A Frequency
F(WW fj(a)) = Orz'g(— a))f(a)) T Orzg‘— w) dorTlain 1

> (7 l//o”g>w,02’g Zz<f t//o”g>t//f’2’g( )},

Jje€Znel Jje€Znel

.[tla)() 0 ' ' '
PPV e— D
— ©. E— | Orig (o) -
o The average Frequency .
of Orig(®) T domain |28 )
Ly ) 0 w/” 2 4

t

Then we hav;

A Orig

AOrig _

19

The third step is the construction of a tight
wavelet frame using a remaking mother wavelet

Rem _ l//Rem'(t)
l// (t) - Rem'|| ?
7
AOrig - Orig
 Rem' 7 , <w<w,
' (w) = Orig(w) P @), @y <o<a
0 orhtewise.
i / 1 ARem| —j 2
OVig(a))Ziz Wor’g(a’/wf Rem(w)=;z e (a Ja)]
JjeZ JeL
fluctuation = 5.6% __fluctuation = 0%
T i Rem(aJ)
Frequency Frequency
| domain T domain

0 L 0 1
—4 -2 —4 -2 0 2 4

20

10
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The third step is the construction of a tight
wavelet frame using a remaking mother wavelet

Rem'
em W (t)
l//R (t): Rem'|| 2
7%
~ Rem' 47 v (0), w,<o<o
v " (@)= 1\ Orig(w) > b
orhtewise.

0
W]Rf,m = \/;l//Rem(ajt—pn).

{V,f;"’ )yl (e): jone Z} constructs a tight wavelet frame as follows:

Ojjzzz;f O S W],
= "l//Rem
| The analysis of thfzivge’ep iljievtl |
-

11
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Comparing between each wavelets
0.5 Tll’l’le i v ¢ (t) B Frequency l/; ¢ (w)
Gabor domain .\ : *  domain 1
| .
wavelet L |
—0.5]
---- imag.
- . 5 10 15 t 1 11.5 ; ::.5 a7 3
1 T T T 3 T T T
o o Tlme l//orig (t) | Frequency ‘/;Orig (EU)
Original domain T domain 1
mother | 24\
wavelet | . T T
1 1 T 1 imag' 1 1 1
! -5 0 5 t ! 15 2 25 a)/ T3
1 T T T 3 T T T
, Time wr(t) | Frequency (o)
Remaking domain 2 domain B
mother o <
wavelet IS y
0.5]
---- imag.
! :5 ‘0 ‘5 { ° |‘.5 ‘z £5 QO[T 3
23

Comparing between each wavelets
N T1m§ e wO() | Frequency v (o)
Gabor domain ¢ i T domain 1
wavelet A L ]
—ost S — real |
AW%W = O.SOQOOOOO --- imag. 1 1 :
-1 _s 0 5 t 1 s 2 25 [
1 T T T 3 T T T
.. os- Time. yre (f ) 1 Frequency — poE (a))
Original domain T domain 7 (o) 1
mother | e , v
wavelet | | | —real | | T Error rate i
Al//"“"” Ay;o,.,g =0.50000003 ---. imag. =-86.7dB
! 5 o 5 t 1 15 p w5 ofm s
. Time wr(t) | Frequency .. — " (o)
Remaking | domain T domain ‘ 79 ()
mother 0 . Tve
wavelet | | alk — Teal 107 Error rate |
A, i\ e =0.50293426 -~ imag. —-34.1dB "\
trade off ! _5 0 5 I ‘) 1.5 2 25 W] 7T 3
24

12
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The Tradeoff between the redundancy and the error

0.

1

oatFrequency L) dilation = 23 Frequency — gt (0))

. |y Dbands : T domain “(w)
High density v \w
(high 021
Redundancy) i+ 4

0.1

Frequency . v (o)

bands r  domain
Middle density *

(middle 04k /
Redundancy) |
02r Ay/“"/" A
i p

| Frequency

Error rate
=-34.1dB

T bands | dilation = 221 i Frequepcy — vy Rem(w)A
Low density | 04" ; 1 domain ()
(low L | :
Redundancy) o4 “ | I+ E t 1

0 A  =0.692084671 : :rf‘i;)fg B
trade off K B 2 60/72' 3o 1.5 2 25 E(J/ﬂ' 3
25

The dual orthogonal wavelet
“B spline wavelet of order 4”
__Analyzing wavelet ., Synthesizing wavelet
- 10 ¢ ; io -0 10 t fs ;0
(0= 2 e =Ty 1)
Transform Inv. transform
1) . ) (t)
de, :<faWj’n> f(t):zzdj,nl//j,n(t)
JELnel
0= S S5, 5,0
JELnel
Orthogonal relation <l// o v j’,n'> =0, 10,

26

13
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The dual orthogonal wavelet
“B spline wavelet of order 4”

Analyzing wavelet ., Synthesizing wavelet
‘/7(t) 0.1 lﬂ([)‘

1
0 t 5 10 - 0

10§ T T T T
F 2 F o
[ ol s ol

02+ domain

0 ‘1 a)/;r ‘z 3 0 ‘1 6()/7[ ‘2 3

Ik F rcqucncy'
Transform " band

d,=(f7;,)

o - a)/ﬂ > 3 jeZnel

Inv. transform

= Z Zdj,n‘//j,n(t)

27

The tight wavelet frame using

an approximate Gabor wavelet
10 Transform { P d! N } Inv. transform 1)

Jn?

de1 =<fa V/;),;ig>’ den :<fa l//j?nlg> f AO ig {zzdp sz

Jjelnel

l |

%,_/

Remaking

Aog ~ Oris
e ()= . )z// 2(w), w,<o<w,

orhtewise.

Transform !

f(r)

Inv. transform!

=yl d, = <f N

= /(1)

m{zzczﬁnw Y S }
A JjeLnel

Jje€Lnel

tAmggmwwy

Jje€ZLnel

CE (BRI

Rem'
v

28

14
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The dual wavelet frame using
an approximate Gabor wavelet

Transform {d P d! N } Inv. transform
Jn

af =(fv i al,=(rlE) 0

|

N

1)

1
e S O ST

jLL

ﬁ_z

A% o
Remaking Vio"ig(a)):{orig(a))'// (@), @y <o<ao,
0 orhtewise.
Transform \ Inv. transform
£(0) {dj’,,,dji,} = /()
df, =(f 70l = (£ 00E) 0= {ZZd O T T >}
l
= {Z S LT W O+ X £ ) )}
JeLnel JjeLnel

29

Theorem 1 for tight wavelet frames

The Fourier transform of w(t)e L'(R)NL*(R)
has a compact support of length Q as follows:

0< sup\z/}(a)] <o

weR
suppy(@)cop. o], @ <oy,
0<Q=w —w, <ow.
{w,(¢):neZ} is defined by
v.()=y(i—pn)nez},
0<pQ<2r.
p >0 is a constant real number.
We define the following transform of f(t)e L*(R) .

W )= (v walo).

Then we have <%
wY f =I*(R),

F(W‘”f)(w)=;lv7(w)|2f(w)-

30

15
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Theorem 2 for dual wavelet frames
The Fourier transform of #(r)e L'(R)NZ*(R) and w(t)e L'(R)NL*(R)
have a compact support of length Q as follows:
0< sup‘zﬁ(a))‘ <o, | 0< sup\u}(a)j <o

weR weR
SUPP‘//( )@y, @], suppy (o) < [@y, @], Wy <@,
0<Q=w —w, <on.
7, (¢):ne}, {y,(t):neZ} are defined by
7,()=9-pn)nez}, {y,0)=y(—pn):neZ},

0<pQ<2r.

p >0 is a constant real number.

We define the following transform of f(t)e L*(R) .

7 rXe)= 3 (17, 0):
Then we have neZ
W f=L(R),

Fwe” o)== o)) (o)

31

Dual wavelet frame using 1
an approximate Gabor wavelet ( dilation =28 )
_Analyzing wavelet Synthesizing wavelet
‘/70rig (t) | ‘//Orig (t) |
S Error rate
— real - —of (Y — real | =-86.7dB
--- imag. ; | . ‘ ---- imag. /
Prpewr o) [T ) e
|=0.50000003
s B 25 3 (U/ﬂ' o "] P 25 3 C(J/ﬂ'
o l l 1
0:4 Frcqucncy | f(t 4078 NO g> o g(t)
.. band \ | JeLne
; +Zz<fw %>w,n()}
- ] 25 Nos "
1 ﬁ 50rig A9 =11.608
oV @)y ()

32
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Dual wavelet frame using 1
an approximate Gabor wavelet (dilation =24 )
Analyzing wavelet Synthesizing wavelet
208 v ()]
o o < Error rate
— real | — real | =-86.7dB
_ ----jmag. | ---- imag. |,
F ‘ ‘ ‘LOri' l F ‘ ,\‘ i
[rowmer o) [P o),
| | |=0.50000003
1 1 p s zw/ﬂ 1 15 P 2 xw/ﬂ'
| | 1 o
Treauoney ‘ -1 {z S (7% W)
o band JjeZnel
T (T )
0.2 JelLnel
1 15 25 3 a)/”
o : Orig _
Aclmg 70 ()% (o) AV =5.801

33

_Analyzing wavelet
70,

05

-~ 05

- imag.
0 5
Frequency < Orig
[
4 domain v ( )

Dual wavelet frame using

an approximate Gabor wavelet (dilation =22 )
Synthesizing wavelet

1

v ()]
% Error rate
=-86.7dB

Frequency
+ domain

‘/} Orig ((0) | A 1% Orig A 1/7 Orig

| L |=0.50000003
1 1 25 3 w/ﬂ' ; = = ] w/;[
. | R 1 o
oo Frequency f(t)= 07 {z > <_f, o >l//2,7g (1)
- band Jje€Znel
B ]
il JjeZnel
il 15 2 25 \(U/ﬂ'
Zorig(\ i Orig _
0 @) () A% =2.914

34

17



18 OKU & AlIMaP 2019 Workshop on Wavelet theory and its applications to engineering

FHE,

£

The analys1s by the dual wavelet frame ( dilation = 2 )

I

otherwise.

. ¢
‘ f(t)={sm[2”4]\fj’ 0<t<N. Gin  N=1024.
0,

T

dj,n = <f’ l/7]O,;lg>

00

35
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FHE E&

The analys1s by the dual wavelet frame ( dilation = » )

I B

m
‘ J’ “ 0, otherwise.
f’l

|| h

37

15kFrequency‘ | ‘(/}M(wj |

T T
Al 1 domain
IS &L
| 0.5~
---- imag.
o 5 o 5

t ol

10 H S (w0 ST

JjE€Lnel Jj€Znel

)}, fel*(R),

!//%{(I)Z \/Ejl//M (th—k), Jj.keZ.
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F EII:I EIL,\

Analyzing wavelet

domain

: | Frequency l/;M (a)) 1

Complex wavelet based on Meyer wavelet

Synthesizing wavelet

| Frequency

M
T domain 4 (a))
0 i 2 30)/71’
|
] 1= {ZZ(W,,W,”O)
‘l//' (a)) 4 jeZnel
CEE (]
jelnel

; o/ 7

39

Analyzing wavelet

domain

5VFrequency' ' l/}M(w) |

Complex wavelet based on Meyer wavelet

Synthesizing wavelet

0.5+

- 0.5~

1 1

l//O”.g(t)A
Error rate
— real | - 37.5dB
-- imag.

-5 0

5

T
| Frequency

T
A~ OFi
v rig (a))A Ay/ onis AV; oni

domain
o 1=0.50403555
E safr
1)+ {z S (ko)
JELnel

D)) (£l 2 0 (z)}
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FHE E&

Complex dual wavelet frame based on

Meyer wavelet
Analyzing wavel€t Synthesizing wavelet
‘ ‘ | (;rig
T v (Z)A Error rate
" el | =-37.5dB
~05- L lirnagf

~

-5 0 5

FrequeHC}; ~ Orig
o FrEAuET v ()
d A omgA ~ Orig
i omain 12w v
N 1=0.50403555
0 q P 3 a)/;r
} 1 o
1 FO= 2 S S W )
‘I//M(a)) 4 2 JjELnel
EE (7 O
jelnel
; Vol

41

Approximate Gabor wavelet y (o)

15~ Frequency
T domain

s o7

Error rate

=-37.5dB
oz o

=0.50403555

I Frequepcy
domain

7" ()7 ()= (o)
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Ell:l EIL,\

The analysis by the dual wavelet frame based on Meyer

N

The dual wavelet frame based on Meyer Original Meyer wavelet
_ ~0rzg d. = f M >
/ n ' <f > ' . Jn < ’ l/llv”

0, otherwise.

. £
2r— <
f(t):{sm[ ”4NJ’ O<t<N, with N =1024.

43

Conclusion

1. We introduced our proposed Hilbert transform pairs of
orthonormal bases of chromatic-scale wavelets.

2. We introduced the Gabor wavelets.

3. We introduced the tight wavelet frame using complex
wavelet designed in free shape on frequency domain.

4. We constructed the tight wavelet frame using an
approximate Gabor wavelet.

5. We constructed the dual wavelet frame using an
approximate Gabor wavelet.

44
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i E R RInE
Dx—2 Ly rEHTIZ DT
O EF (FuBEREF A,

FAR (KRB KD,
B E— (KRB KZ)

2019/12/5 AlMap2019KBREE K2 (N. lkawa)

ARRODEE

BT RIHESRIZ LY sAM B Hi%E 52 THEDS
NF-BENIEERADEEEFZERKET 205
FEMHEERGERSZEHE T AME, 0O KREIK
EOEICISCTEDKIIZOT—T Ly EHT
ZRWSMZ DWLWTIREL, TOIZEMICH
DAEMEIZDOLNTERT S.

2019/12/5 AlMap2019KBR# B K (N. Ikawa)




24 OKU & AlMaP 2019 Workshop on Wavelet theory and its applications to engineering

HNMET, FAS, FrEE—

ARRDTINSAY
> fth TR EE D iR R R R

1 14 5E 5 B Iis (Auditory Steady State
Response : ASSR)IZDLYT

>R —T Ly MBI EEE:

EFREHED T —T Ly MEIT (Complex
Continuous Wavelet Analysis: CCWA)

-BERUE B U —T Ly MEHT (Discrete
Stationary Wavelet Analysis : SWA )

2019/12/5 AlMap2019KBREE K2 (N. lkawa) 3

g E‘: E,'J H?E\ jj @E 51 A : http://www.shrc.or.jp/kensa/o.html

f: -@ng Ee.\'jjjﬁﬁ

A=A A—=R(IST 1201)
BREIC, EEMIRELE-RESE:
BEB[EFELTCER, BREBED
AN, BT THREREERE
TROEEDIA TS LRRBD

126 260 600 1000 2000 4000 8000

W/
B#ELTHER 2 @ %

|
0 0
> — LT ] 10
l//\)lfé N L/T: e =gl By o B ORI AN I R
Low = = @ (4,000~ 1Y) HBHEES
» = H 40 an
b g (LT L ()
&0 50
7 77)%?5 < @ ‘@%J@N o 125 250 500 000 2000 4000 BOOD
2 » - i
N il 80 =L E¥IED ]
@ B Ig |3" 1
R o e oY 100 100 7 F K~ o {
%A:Iﬁa%mﬂﬁ N 10 L u- [ % 1
Ch 1 120 wo A [ : 1
gt 3 - N, 130 130 ~ 4o} |'§ e
(D) 7f\fg H j—‘ X 125 %0 600 1000 2000 4000 8000 T 50! . 26 |
SS g r= B B b agt /
SHISED ) onae S
el /o BENA ST LitiodsnNE R wl .
/ agt R S |
"""""""""""""""" i, ool . TR s
2019/12/5 ! AlMap2019K[R# E K= (N. Ikawa) “
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HNMET, FAS, FrEE—

MhEENRE

« HTER, 4R, FBHFREER, BEcEHEE,
G MEENBRENEITTERLERIC
BWTEALANIVEZHETET 5-HDEREETHY,
FEMERRIG, BEEERS, 773 B8HREEE
NH5.

o FEMFHERICICKIEBRREEEAIIEIC
B 4 ipd 8% /= Jits (Auditory Brainstem Response :
ABR) [Z&5D. SHIT, BFRAFHDIEALANILELY
FHEICHTETESRLEINBEIEND

- BETEE® &Rt (auditory steady-state response :

ASSR) BN LS.
2019/12/5 AlMap2019 KRR HE K (N. lkawa) 5
5
ey EEEE FE\ B &YHE

il
Tk 2 7 Bt (ASSR) 5% I it
Eﬁ&ﬁ/\/ﬁ/—lmw

PR }iﬁﬁiﬂ*ﬂ‘ﬁﬁﬁ(!\ﬂr’e&fns
TR l0.5uv

2 “ASSR
B\ St | i 100 ms
s R 1 ) (ABR)
N ag Y —7 WI
. ) 0.5uVv
—N— I phR A% 10 ms
‘\ :§|§»“
LB houv
S5ms
2019/12/5 AlMap2019KRR%5 B K (N. Ikawa) 6
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HNMET, FAS, FrEE—

40-Hz ASSR & 80-Hz ASSR [Aoyagi, 2006]

. Comparison of the response and hackground brain waves
Response mechanism of 40 Hz-ASSR and 80 Hz-ASSR

PO Pa ph T Awaking Sleeping
= slow ABR 7 \f'\. — —
— AN . S ‘-_\d . —
25 ms ‘-/\\ e 125ms A, 40 Hz o
S
IPatPh PO (+Pa+P'h ~ ASSR
f\\vf‘:;:?” WA\ Lg% W )_,,;"\-;aja'{-:?! v, Yk oL
T aooms - 100 ms 40 Hz - ._," L
) 30 Hz s
Low frequency ASSR High frequency ASSR ASSR
Steady-state version of MILR Steady-state version of ABR - |
- frequency
80 Hz 80 Hz
40-Hz ASSR 80-Hz ASSR ! !

BHABEBRECKERERENFEICKSHEERIZ80-Hz ASSRERIET 5,

40-Hz ASSR FREEERFCFO NPT UVNERBIRD /1 XHKEL,
RERETOREF AL,

2019/12/5 AlMap2019KRE B KF(N. lkawa)

BB & Bk fidh 4] (Kawase 2015, Audiology Japan 58-1 p.47)
EEG MEG

IERD L A AR BT A2 & B LI B EARET 5, SOBNERWET 5 OH K
(Electroencephalography : EEG, BWER) Thad, —), BEHIC& DBHAKET S LAY OEINIC
v, BROMECRIATRET S, Z OB % BT 5 OMBBE (Magnetoencephalography : MEG)

Thd

2019/12/5 AlMap2019KBR# B K (N. Ikawa) 8
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HNMET, FAS, FrEE—

AR R (2 & 540-Hz ASSR  (Kawase 2015, Audiology Japan 58-1 p.47)

A. 40-Hz ASSR (Ena&h ikl LR

Sink Source
L}
11T/ Stey

B. &£MBEHRMEFDAM., KESMEL (40-Hz ASSR (1EHE))

- ——
o~

B5 [ caiekS LB 40-Hz ASSR
AEIZ39-Hz AM & (%% 1000Hz) % 80dB SPL TR L 7z BRICFLE S W7 iRERT 40-Hz ASSR. A: &
SN HIT A SHAR (), B CERG bR (L LRIk A AR, HEHRTE W RIEO K & 7 ASSR
MEGFEXNT VS, B: SMiEHENEFOHFN, KESOB (1EE5). 40-Hz ASSR FEHOE X 4%, 40-Hz
OFMETET ZERTFOEH L RHEL T30 THE I LI Db,

2019/12/5 AlMap2019KRE B KF(N. lkawa) 9

BERERI)—=V T REBELEERE
» HEJABR(Automated Auditory Brainstem
Response : AABR)[EFT A IRFENRV)—=25 &L
TIGLFIFHESN TS (FE) :
— ALGO =HBIICFIAINTLNS
— MB1IRST#Y HmEFHIN TS
« RV HBER HEENTONDL,
[ZHEZEHEEIGIIA1,000A, BAEEEZS
HEMT A (ASSRERALSEE)
— MASTER [LKFIAENTET -
~IVYFR JiFFEINTLDS

2019/12/5 AlMap2019KRR#4. B K= (N. Ikawa) 10
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HNMET, FAS, FrEE—

HERBRRZ—Z7
HE=35dB, 70 dB
| Template <o ARG
— gt

Binary Average

0 5 10 15 20 25msec
i . -
A ' L \\'ulhli«:!l l-\'l.:_\

& FABR EMREDT LT L

Automated ABR (\‘\BR) \)\"L‘ighll.‘d-l?‘iﬂit Iy 'l'cmpi:ilc
(Natus ALGO® Matching Algorithm
(Herrmann BSDX LY )
Hi 8L F )
p.3No.3
2019/12/5 AlMap2019KREE K (N. Ikawa) 11

11

BALINS DA UIZKBRIY—=V T HBE
s FEREERI)——VTBREBEDE=HDH#IRIL,
KYIEFEIZ, EREFMEICEHAITEALSIZAYIELWSR
HEHLT-.

{5 : MB11 574> MB11 BERAphone®
https://youtu.be/Kgx7A56dCjY?t=49

Qi

2019/12/5 AlMap2019 K RR#% & K2 (N. Ikawa) 12
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HNMET, FAS, FrEE—

MASTERIZ & B EIE

MASTER: Multiple Auditory STEady-State Response(Picton, Lins, et al, 1995) ,

http://www.mastersystem.ca/ )
P 4 (Aoyagil1]) An example of MASTER output window:
80Hz-ASSR

MASTER (Muttiple Auditory Steady-State Response)
(Picton, Lins, et al, 1995)

I T

CFO5kHz MF 77Hz CFO.5kHz MF 81Hz
CF 1kHz MF 85Hz CF 1kHz MF 89Hz
CF 2kHz MF 93Hz CF 2kHz MF 97Hz

CF 4kHz_MF 101Hz  CF 4kHz MF 105 Hz
b g 0000
membrane 2 kHz LR Ear] 500 | i 0 Carrier (Hz) |~
Tight cochlea Az oar - Aprr;‘plitugs(\r:l;l :
M o 55 F-Valuo (021 ¢
THITTE S—p— ) s o o i
L Ave. Noise Estimate nv (1) [T09 |
A (o]

_ -70 dB : 512 epochs --> 32 sweeps
In the case of 80-Hz ASSR, MASTER system uses both g & : 474 epochs - 29 sweeps
relationship between the carrier frequency of input .80 dB : 184 epochs --> 11 sweeps

stimuli and the modulation frequency of cochlea (1 sweep = 16 epochs)
respenses. AMap2019 KRB REE(N. kawa) 13

13

SHIZHAT Eclipse TV FR(AVB—FA—RTF1H R (Fo=—9) &)

Diatec HP&Y https://www.diatec-
diagnostics.jp/solutions/products/abr/interacoustics-eclipse-complete-solution#

PCN—REICHRFZRECHERMEADEEFRRICIRELE. ABR,
ASSR, OAE, VEMP, B EIABRR A ED 1— /L E B ATRE,
RS IZCE-Chirp®RIEZ LR A TES,

*CE-Chirp" R & kLY B &
YRSEHRISIRIENEOND,
*ASSRCIL8/E K 1. m A =R
BITE (SR YRERRE O KIE:
GfEERE, (=>30% k)
B RISHEED /A XELEL. N
ETHORIZ/AZXDVHNR
ISICEYHEFEGTIEART
HEIRNAXHEIZKY, RIEE
BBEIZEENE /A XEH

5L, FYRELZEREHSH
ENTE BRERICERENE
EEL-BE DEFEDENEH,
(=>EKI(XEES)

2019/12/5 AlMap2019K R & K= (N. Ikawa) 14
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HNMET, FAS, FrEE—

SHIZHAT Ecipse TV FTR(AVEZ—FA—RAT1I R (TFoe—2) &)

ABRE#i REEE

WX - BEOSILEE
BHEBRRECRBCEVTE—EEVA
IWMEEERWEAR. /I A0EMTT.
RR/AZAGNETHOMLRRLRY,
S(OBERFRRHMTIENL. EH0
WREEHETEMNET.

CE-Chirp*# - RIGIEEORA
FEIS WA OFRME, CE-Chirp®HE (3
H39Z- TN T ECEIOMRENEL
2. HEEMCHIIRFROEHRE
ETWMATICLT, RO WIEP—>
K-AMCHATBLZ2BORGIRMEN
#\snEy.

#EFROCE-Chirp*E(E. PAHOEE
TRAORGRMF @513 L3 CiE
ENTWET. CE-Chirp® LSETI(:. &
ANOBETEHERREGEL 283
EHTEET. CE-Chirp® LSEIZEER
[CEEANTEN. #FEDCE-Chirp®E
ZEWMNHRLEPMETT.

2019/12/5

Diatec HP&Y https://www.diatec-
diagnostics.jp/solutions/products/abr/interacoustics-eclipse-complete-solution#

WEIEOPME,. NB  CE-Chirp® LS
HEEERNCRBEASELPINET
T Py JEHCE-Chirp®  LSEREITH
LEMECTIETELONETSOE
MICTABLOCHMENF L. MEFLL
23, @FEDNB CE-Chirp®EEZhD
FEA.

ZNSOCE-Chirp®H&(3. EP258LU
ASSROBBEES 1- L MBEREINT
8N, EP1S[CHA T3> THBNTINET
7.

A XHEE - BRERE OB
ABRBBETAIAMEETEATHLT.
WREOEBHFEULBETERELL
BHELEBCLNTRET. MEROER
NRIAXCLIEWERNBICHDIS
n W IRERBULEENETSY
HRWZNZT. BROC. RELRE
HMEEmENET.

Fmp - RGWEOE L
RIEOBEMETHTT N, RSEBO
HRETHNTIEMORIEREB 50
H.FmpTY Fmps3IicdfEtT—4ic
BV AEPORGOEIFFmpilitL
TERRENIT.FmplZLBCTIL
TRIEOHENLDEBCRD MEESM
DEMICERHDET.

Ouatty Tt ()
oo T
] l-[___//’

fmp: 038

WEPLWLNLESORR S FmpiiLL T

Ere

NEY. tETE. £MS000EIOMNERICHL T

3

99 WINTVET.

Buschat v 58 W

i

e
=

FLERG. WEONNERTEL. RE/ (T3

CLEMRLET.

AlMap2019KBR# & K2 (N. lkawa)

15

15

H# M :ABR-ASSR DEHEBDHR GhEFE1E)

— |

Electrodes

1B TS (AABROD )

2019/12/5

AlMap2019KBREE K (N. lkawa)

A CPU &
: verager
Transducer [* Stgﬁ‘}ﬂ}‘(fr " Wavgelet ’Display
transform
i
Amplifier & )
A/D . .
Convertor * Filter Printout
Il (CE-Chirp®) KRR RIGERT
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HNMET, FAS, FrEE—

FRMBRBET O A THRERED/N—F T 7 (ASSR)

Software (LabVIEW 8.6 programming)

Sound i Time Series "
Stimulation ) Data —  aveform file
Hardware

DIA MEDICAL e -
= = _,(,_‘..,ﬂ-f' Amplifier / (4]

DPA-250-2, DPA-10PE

(R-GIKEN.CO.Ltd.)

Data
Recording-

PXI-1031

TDH38

JI1S T1201:2000 standard
Analysis

electrode position
(case of right ear test)

2019/12/5 AlMap2019KBRE & K= (N. lkawa) 17

17

BRETDER

005

CFEOO: | [GFIONOH: |CF2000M: |CF 40k

0,045~

¢, 4 I‘”_/« - 0.04-]
Pl | e | e | s
‘| (|

0035+

CFS0:  [FIONOH: (G 2000Kz | OF 4000
b WF2 V3 NED 003
=N

& 0025+

00z

0015~

001+

0,005~

0=

SOllnd Conditions 0 B0 000 100 00D 2800

L)

INPUT stimuli (SAM tone)
CF=125 ~ 8000 Hz, ‘
MF=0~100Hz G
Sound intensity: 0 ~ 90 dB
(nHL)
2019/12/5 AlMap2019KRE E K= (N. Ikawa) 18
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HNET, SFASE,

PR —

BRBCRBL TR T —25 %K% 5:
Dynamic input and output using NI-PXI(PXI-4461)

[

2019/12/5 AlMap2019KBREE K2 (N. lkawa) 19

19

ASSREGIRIRBEEEL
MASTERMSTHYTRAANEREINDDOHAN

-RERMIEXS00E L LoEEHLLN.
-%&%ﬁ%&ﬁ&%ﬁﬁﬁmiﬁemx

FRARE CIIRBEREBELODTINTTRER
')IZEfﬁﬂb YA EA R

SLHL., KYRMDIEFERS
BEMBERE N RICDHME FBETHS.
>0 —TJLyMEREZRAVWTERET 5.

2019/12/5 AlMap2019KBR# B K (N. Ikawa) 20
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40-Hz ASSRZEXTERIZCCWA ESWAZE F

40-Hz ASSRERH ARIC T — R L F=F HMRIC
-EHREH YT —T L yMEHT(Complex Continuous
Wavelet Analysis: CCWA)

- B BUE B ) =—J Ly MiE#T (Discrete Stationary
Wavelet Analysis : SWA )

Averaged s CCWA
EEG data:
X(t) ) S\\/A

2019/12/5 AlMap2019 KPR B K= (N. lkawa) 21

21

SWARMELRILEERLE RS

FEy : e ErDBE B EFEH I EITUTOLSIC
e ERIAMTITEN. TRENRAGT- £

D 1| 258 512 |He MEESEET

D 2] 128 — 2h6 |He ) - )

O 3 84 — 128 |H TS (TILA) : 1~3Hz

O 4 & = 64 |H= L —RKO(—A) :4~THz

D 5 168 = 32\ FLIFE «(FILTF):8~13Hz

D 6] 8 — 16| o

O 7 4 — g | N—AFER(RN—A) :14~30Hz

A7 o - 4 |Hz B y(H<) :30~64Hz

; G b B %

TS R 1094 He giﬁsézﬂﬁ;%o) 5RO EREL28HzETHED

Decomposition wavelet function psi z{econstrucuon wavelet function psi —ﬂg(:{gﬁ%‘@ & . gi‘-%% . F,ﬁ BE . ﬁﬁg:{ﬁ%‘f

: | IE R EEVE P Lo A S CHITS B, 37
: 0 BEARC) 7R (BRARERRE) (S5 B R &
,‘ ESVTHESA TS,

o2 4 & 8 o o 2 4 8 8 10

biors5.5

2019/12/5 AlMap2019KBR# B K (N. Ikawa) 22
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SWAIZ & %40-Hz ASSRIZ Hi#5 541 ( 10 sweeps INE)

The original signal (T048>: Gveraged) FFT pomerspectrum

7]")’"/"1’)';5&5% :EWV W/\/J\JWW "u”:;k n
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gl S B ]
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BHEERAZET—2I2&3

2019/12/5 AlMap2019 KPR B K= (N. lkawa) 23
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=z >
%2 5&:70dB nHL
=] .
FFT of signals
oThe original signal and reconstructed signals 0.05 e
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PSR, PR

ANEEZZZ5E: 50dB nHL

The original signal and reconstructed signals FFT of signals
"o} EANRRNANRAIRRARNAR ol 1
o 100 200 300 400 500 50 100 150 200
0.01
0 [indybielbo i el = 3
—-0.01 0% | 1
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0 mﬂw a 5
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L1} 100 200 300 400 500 0 50 100 150 200
001
o I
O AMANMAPANAAPAN 8 b
-0.01 0% | 1
0 100 200 300 400 500 0 50 100 150 200
001
@ =
e o W 3
-0.01 0%5 | 1
0 100 200 300 400 500 0 50 100 150 200
5 2107
~ ~
5 0 ————
B! ot | ]
o 100 200 300 400 500 0 50 100 150 200
002
~ ~
S —
-002 < 0%5151 ]
o 100 200 300 400 500 0 50 100 150 200
2019/12/5 25
BEEZZEZ 30d
.
ANBEZEZDL: B nHL
L X . FFT of signals
01 The original signal and reconstructed signals al I v v v 1
@0 INAANAAAAMAMAANIAAY 0D ]
01 h A A . | 0 1 1
0 00 200 300 400 500 o 50 100 150 200
001 ¢ - - - - 2 ot T " " y 1
-001 ~ - - - - -l o
0 100 200 300 400 500 L1} 50 100 150 200
005 - - " . | o | y y ' ]
o [ ]
I R ]
005 - - - - - = L1} *
0 100 200 300 400 500 L1} 50 100 150 200
001 - - - - - or | , ! . '
o [ ]
g8 o W‘m & o0y | 1
001 - - - - - = 0
0 100 200 300 400 500 L1} 50 100 150 200
005 1 - - - - o) I y ' : ]
k 0.1 1
2 o AMWVWWWWWWWWWWW - 2 .
005 - - - - - -
0 100 200 300 400 500 50 100 150 200
01 T - - - - ] o | y " : ]
Ty ]
2 o AMAMWAWAMMWANL 25
001 - - - - - -
0 100 200 300 400 500 50 100 150 200
002 r - - - - . or | - . - 1
W 1
g oS Tl 80
-002 - - - - - - 0
0 100 200 300 400 500 50 100 150 200
002 1 . . - - - or | , . . v
- ]
=) 0 '_\_/\/_\.__/ S 05
002 - - - - - - 0
o 100 200 300 400 500 o 50 100 150 200
-002 - - = - - o . v v )
~ ~ )
< o0 /\_’_\/ < 005 l
-004 ~ - - - = - L)
o 100 200 300 400 500 o 50 100 150 200
2019/12/5

13



36 OKU & AlMaP 2019 Workshop on Wavelet theory and its applications to engineering

HNMET, FAS, FrEE—

BRIFEL

The original signal and reconstructed signals 005 I |
0

" 0.‘1]#' — ___—4 R

=01 50 100 150 200
100 200 300 400 500
_ 005
001 b | |
5 0 jemdeeplarvishepipd-ippnor-b 0
-001 0 50 100 150 200
0 100 200 300 400 500
oy 005
001 = | |
B e e 0
-0 0 50 100 150 200
0 100 200 300 400 500
o 005
om [ | |
2 0 pnirir i il 0
-0 0 50 100 150 200
0 100 200 300 400 500
- 005
00 [=] | |
2 o AMAAWAAMAAATWAWWAN 0
-0 [1] 50 100 150 200
[1] 100 200 300 400 500

005
001 @
o[ Se——— A 2 | |
-001 o
0 100 200 300 400 500 0 50 100 150 200
o102 005
5 ~
SR i D| |
-5
0 100 200 300 400 500 00 0 50 100 150 200
-0.02 =
Z -003 L__._—-—-"""_"\_____{ = I |
-0.04 0
0 100 200 300 400 500 0 50 100 150 200
2019/12/5
J
80-Hz ASSR (MASTER) T
5£he original signal and reconstructed signals <10° FFT of signals
m.503{"""""'"""""“'"""""""""‘"| gt 111 I 1
0 200 400 60D 800 1000 5 6 70 80 90 100 110
5
_w g
a _53+"""'"""""."M =4 ]
0 200 400 60D 80D 1000 5 60 70 80 90 100 110
< 10°
o 100 )
8 ngwﬁ B ]
0 200 400 60D 8O0 1000 50 6 70 80 90 100 110
5
- 3 — / BHE
[=] (=]
g} [ ee ottt | L1 HENE
0 200 400 60D 8O0 1000 50 60 70 80 90 100 110
<10° A%l
= 100 =
[ . R e ! 211 ]
-100
0 200 400 60D 800 1000 5 6 70 8 90 100 110
«10°
o 100 o
B | 0 At A &1f ]
0 200 400 60D 800 1000 50 60 70 80 90 100 110
10"
w 50 w
A eteaa v VATs: IR ]
0 200 400 60D 8O0 1000 50 6 70 80 90 100 110
10°
~ 90 ~
s 0 e = ]
0 200 400 60D 800 1000 50 60 70 80 90 100 110
105
- B0 -1
-80 05
Z e A o] ]
0 200 400 600 800 1000 50 60 70 80 90 100 110
2019/12/5 . o . 28

28



OKU & AlMaP 2019 Workshop on Wavelet theory and its applications to engineering 37

HNMET, FAS, FrEE—

80-Hz ASSR (MASTER) Cl&

SJ)he original signal and reconstructed signals 3 FFT of signals

< 10
© oD e ey neraed 2 L ]
-500 0 —
1] 200 400 600 800 1000 50 60 70 80 90 100 110

50 4
=T p—— | 52}
50 L J 0
0 200 400 600 8O0 1000 5 60 70 B0 90 100
10°
100 4
R e e e ~earam, dn] =
-100 0
0 200 400 600 BOO 100D 5 80 70 BD 80 100
10°
o 200 -
N e e aan SE=F] L. .
0 200 400 600 8OO 100D 5 60 70 B0 90 100
10°
- 100 -4
3 _jof prinivivs et bee] 3|
0 200 400 600 8O0 1000 50 60 70 B0 90 100
10°
100 4
S v et I H]
0 200 400 @00 8O0 100D 50 80 70 B8O 80 100
10°
100 4
R e VA S R = ]
-100 o
0 200 400 600 8O0 1000 5 6 70 B0 90 100 110
10°
20 4
“_zgf\_/\_/\/\/\/\_./ﬂ 52 [ ]
0 200 400 600 BOO 100D 5 80 70 B0 80 100 11D
10°
-80 4
2_;38L_/ﬁ—ﬁ_——-—,_/‘\4 E%} {
0 200 400 600 8OO 100D 50 6 70 B0 90 100 11D
2019/12/5 29

29

CCWA
Wavelet Function:
| t—b
Wap(t) = —|—— |, a(#0), be R
poott) = 20 (22 atz0)

Wy[x(t)] = C(a,b) = J x(t)r, (D)t
Complex Morlet Function: 1 5
U(t) = ————e 37 &
V202
oo 1 2)° b
Wy[x(?)] = C(a, D) = [ X(f)————e 27 e (%) gy
J-oo 2rcla
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Complex Morlet Function:
_2
U(t) = e 3T &
2no?
~oo ] B %‘ 2 w (ﬂ)
Wylx(t)] = Cla.b) = x(f)————e 7 e "\ dt
J-co 2rola

V3
Here, we put o = 7 Wo = 2T,

Using MATLAB function cmorwavf(Lb, Ub, U, N, fb, fc),
where
N =1000; Lb =-5; Ub =5; fb = 1.5; fc = 1;
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DES & AES
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UHBUSIE L V@O s{t AR ER"EL £ L1z, ZTDHER.
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« AES (Advanced Encryption Standard) DO#E#&(Z1% [AES-
128] [AES-192] [AES-256] o3fEfFEIHY £9, EEINE
BNER2UNIETHZ DD, FTEENEZHDTEDAK
HEIMEIT AN —2X

AES

« HEREESA (AES) FES(LEESTEIRLFE L LDON
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Arctichare MSE 18 14 - 2
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. U= _ o PSNR 23 25 44
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Insertion value & PSNR &

PYELEN

Original Image
Airplane.png

Airplane.png
Airplane.png

Airplane.png

Airplane.png
Airplane.png
Airplane.png
Airplane.png
Airplane.png

Airplane.png

Airplane.png

Airplane.png

Insertion

Frequenc
HH
HH
HH
HH
HH
HH
HH
HH
HH
HH
HH
HH

HH

Insertion
Value
10
20
30
40
50
60
70
80
90
100
150
200

255

Encryption Result

airplane.encripsi.nilai.10.png
airplane.encripsi.nilai.20.png
airplane.encripsi.nilai.30.png
airplane.encripsi.nilai.40.png
airplane.encripsi.nilai.50.png
airplane.encripsi.nilai.60.png
airplane.encripsi.nilai.70.png
airplane.encripsi.nilai.80.png
airplane.encripsi.nilai.90.png
airplane.encripsi.nilai.100.png
airplane.encripsi.nilai.150.png
airplane.encripsi.nilai.200.png

airplane.encripsi.nilai.255.png

Decryption Result

Error

Error

Error

Error
Original Document
Original Document
Original Document
Original Document
Original Document
Original Document
Original Document
Original Document

Original Document

PSNR
52 dB

49 dB
47 dB
45 dB
43 dB
41 dB
40 dB
39 dB
38 dB
37dB
34 dB
32dB

31dB
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BHRAIEIE (Z T 5
14

Original Image Manipulation | Degree / Area Encryption Result Decryption Result
Brightness 10% Brightness.10%.png Original Document
Brightness 20% Brightness.20%.png Original Document
Brightness 30% Brightness.30%.png Original Document
Brightness 50% Brightness.50%.png Original Document
Brightness 100% Brightness.100%.png Original Document
Brightness 150% Brightness.150%.png Original Document
Brightness -150% Brightness.minus150%.png Original Document
Contrast 100% Contrast.100%.png Original Document
Contrast -50% Contrast.minus50%.png Original Document
Crop Up Crop.atas.png Original Document
Airplane.txt.png Crop Down Crop.bawah.png Blank Document
Airplane.txt.png Crop Right Crop.kanan.png “Can’t be Extracted”
Airplane.txt.png Crop Left Crop.kiri.png "The Key That You Entered Is Incorrect"
Airplane.txt.png Resize 400x400 Resize.400x400.png “Can't be Extracted”
Airplane.txt.png Resize 500x500 Resize.500x500.png “Can't be Extracted”
Airplane.txt.png Resize 510x510 Resize.510x510.png “Can't be Extracted”
Airplane.txt.png Resize 514x514 Resize.514x514.png “Can't be Extracted”
Airplane.txt.png Rotate 900 CW Rotate.kanan.png Blank Document
Airplane.txt.png Rotate 90° CCW Rotate.kiri.png “Can’t be Extracted”
Airplane.txt.png Rotate 1800 Rotate.penuh.png “Can’t be Extracted”
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Insertion@LL, Decryption Result: Blank
Document, MSE=11%, PSNR=2/7dB

Original Encryption Result

16



58 OKU & AlMaP 2019 Workshop on Wavelet theory and its applications to engineering
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Insertion@[H, Decryption Result: Original
Document, MSE=2%, PSNR=42dB

Original Encryption Result

Insertion@HL, Decryption Result: Original
Document, MSE=2%, PSNR=43dB

Original Encryption Result

17



2019/12/6

OKU & AlMaP 2019 Workshop on Wavelet theory and its applications to engineering 59

Insertion@HH, Decryption Result: Original
Document, MSE=2%, PSNR=43dB

Original Encryption Result
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