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DIGITAL WATERMARKING/ IMAGE PROCESSING/ WAVELET TRANSFORM

Digital watermarking technology requires elements from many disciplines in
order to prevent illegal use of digital data. Since audio signal is one of the digital
contents which are easily stored, distributed and duplicated, the ownership
verification using audio watermarking is an efficient tool to provide copyright
protection of digital audio data. This technique embeds watermark into the host audio
signal in such a way that the watermark is inaudible and robust against common
attacks. In this thesis, an algorithm for blind audio watermarking in wavelet transform
domain is proposed to achieve high quality watermarked audio signal and robust
watermark. A search algorithm called particle swarm optimization is used to find the
optimal intensity of watermark. The watermark detection process can be performed
without using the original audio signal .The experimental results demonstrate that
watermark is inaudible and robust to many digital signal processing such as
resampling, cropping, low pass filter, additive noise, lossy compression and time scale

modification.
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f)=fo+9,+09,+09, +..+ 0, (3.9)

-1

ft)=> cod)(t) + de“{'k' (t) (3.10)
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:<f (t),d)d(t)> 3.11)
dJ =(f (1), %) (1)) (3.12)
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Approximation Detail
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33 nganﬂmm (Wavelet Families)
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Daubechies Wavelet
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Coiflet Wavelet
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342  ©ane3fiu PSO Wugu
o 1 d o ] < 1 1 14
1. 1/]1ﬂ1§q3JL’JﬂmﬂiﬁnlﬁLl\1Lla$ﬂ31ﬂliﬁﬂlﬂﬂllﬁﬂ$@1§ﬂ1ﬂ‘luﬂfjllﬂig%1ﬂ5 LINADT
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v Y
2. vhmsdszdivamanumvingay F voauaazoyma 3amsdsziuaiainainil
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é’ LY 1 1 d’ 9 a a g‘l dy
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TaglFauns
R
gbest = F(p; (1)) (3.14)
- -
pbest = p;(t) (3.15)
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=\ 1 ' A 9 - Y o v XK '
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Jd o ] ?x‘a
nawesduvisveseymainlilu pbest, Tagldaunis

pbest = F(p (1)) (3.16)
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phest = p, (t) (3.17)

o [ ]
3. %1ﬂ13ﬂiﬂﬂ31h!i?ﬂjﬂﬂﬂi§ﬂ1ﬂ P

Vi (t):Vi (t _1)+pp[ppbesti - pi (t)]+pg[pgbesti - pi (t)] (3'18)
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1 3 o .
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M9194 5.1 Manduiusonnanisnaaeudanes iniumaslnegnie

WAl NN NaaDY NNl NNl IWaNNaaol
il fi 2 i3 fia is
lutims Taud 1 1 1 1 1
Time scale -5% 0.917 0.971 0.992 0.958 0.927
Time scale +5% 0.954 0.934 0.979 0.962 0.928
DA/AD 1 0912 0.959 0.943 0.963
Random noise 1% 1 1 1 1 1
Low pass filter 6kHz 1 1 1 1 0.984
Low pass filter 15kHz 1 1 1 1 1
Crop 5x100 1 1 1 1 1
Crop 10x100 1 1 1 1 1
Crop 10x500 0.998 0.998 1 1 1
Crop 10x1000 1 0.996 1 0.9937 0.988
WGN 1 1 1 1 1
DWT 1 1 1 1 0.986
MP3 : 64 kbps 0.996 0.996 1 0.993 0.984
MP3 : 128 kbps 0.998 0.998 1 1 1
Jitter 1% 1 1 1 1 1
FLAC 1 1 1 1 1
Downsampling 1 1 1 1 1
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WDl IWaINaaoy IWaINaaDy IWaINaaoy IWaINaaDy
il fi2 i3 fia is
lutims Tawd 1 1 1 1 1
Time scale -5% 0.917 0.933 0.927 0.960 0.927
Time scale +5% 0.921 0.925 0.927 0.958 0.953
DA/AD 0.948 0.956 0918 0.967 0.928
Random noise 1% 1 1 1 1 1
Low pass filter 6kHz 0.992 0.992 0.976 1 1
Low pass filter 15kHz 1 1 1 1 1
Crop 5x100 1 1 1 1 1
Crop 10x100 1 1 1 1 1
Crop 10x500 0.991 1 0.973 1 0.996
Crop 10x1000 0.989 0.991 0.972 1 0.993
WGN 0.993 1 1 1 1
DWT 1 0.990 1 0.995 1
MP3 : 64 kbps 0.984 0.978 1 0.989 0.988
MP3 : 128 kbps 0.984 0.978 1 0.993 1
Jitter 1% 0.993 1 1 1 1

FLAC

Downsampling
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1

Time scale -5%

0.971

0.978

0.986

0.998

0.973

Time scale +5%

0.989

0.971

0.998

0.989

0.979

DA/AD

0.954

0.965

0.992

0.921

0.979

Random noise 1%

Low pass filter 6kHz

Low pass filter 15kHz

Crop 5x100

Crop 10x100

Crop 10x500

Crop 10x1000

WGN

DWT

MP3 : 64 kbps

MP3 : 128 kbps

Jitter 1%

FLAC

Downsampling
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INaINaaDy IWaINaaoy IWaINaaoy IWaINaaoy IWaINaaDy
il fi2 i3 fia is
lutims Tawd 1 1 1 1 1
Time scale -5% 0.950 0.952 0.965 0.963 0.954
Time scale +5% 0.983 0.992 0.986 0.979 0.988
DA/AD 0.974 0.956 0.935 0.951 0.992
Random noise 1% 1 1 1 1 1
Low pass filter 6kHz 1 1 1 1 1
Low pass filter 15kHz 1 1 1 1 1
Crop 5x100 1 1 1 1 1
Crop 10x100 1 1 1 1 1
Crop 10x500 1 1 1 1 1
Crop 10x1000 1 0.998 1 1 0.996
WGN 1 0.957 1 0.979 1
DWT 1 1 1 1 1
MP3 : 64 kbps 1 1 1 1 1

MP3 : 128 kbps

Jitter 1%

FLAC

Downsampling
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WDl IWaINaaoy IWaINaaDy IWaINaaoy IWaINaaDy
il fi2 i3 fia is
lutims Tawd 1 1 1 1 1
Time scale -5% 0.902 0.909 0.935 0.931 0.966
Time scale +5% 0.917 0.920 0.938 0.929 0.983
DA/AD 0915 0.947 0.950 0.949 0.969
Random noise 1% 0.992 0.995 1 1 1
Low pass filter 6kHz 0.992 0.993 1 1 1
Low pass filter 15kHz 1 1 1 1 1
Crop 5x100 1 1 1 1 1
Crop 10x100 1 1 1 1 1
Crop 10x500 1 1 1 1 1
Crop 10x1000 1 0.992 1 0.982 0.998
WGN 0.991 0.993 0.996 0.985 0.993
DWT 0.989 1 0.996 0.983 1
MP3 : 64 kbps 0.992 0.988 0.992 1 1

MP3 : 128 kbps

Jitter 1%

FLAC

Downsampling
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WDl IWaINaaoy IWaINaaDy IWaINaaoy IWaINaaDy
il fi2 i3 fia is
lutims Tawd 1 1 1 1 1
Time scale -5% 0.956 0.971 0.949 0.971 0.947
Time scale +5% 0.952 0.976 0.952 0.957 0.971
DA/AD 0.963 0.960 0.942 0.956 0.941
Random noise 1% 1 1 1 1 1
Low pass filter 6kHz 0.998 1 1 1 1
Low pass filter 15kHz 1 1 1 1 1
Crop 5x100 1 1 1 1 1
Crop 10x100 1 1 1 1 1
Crop 10x500 1 1 1 1 1
Crop 10x1000 0.998 0.993 0.996 0.998 0.998
WGN 0.996 0.983 1 1 0.998
DWT 1 1 1 1 1
MP3 : 64 kbps 1 1 1 1 1

MP3 : 128 kbps

Jitter 1%

FLAC

Downsampling
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M319hl 5.7 ManuAananvesinagimnwanisnageudanesnunumadlnagnia

NNl IWaINaaoy INaINaaDy IWaINaaoy IWaINaaDy

fil fi2 i3 fia fis
TutimsTowd 0 0 0 0 0
Time scale -5% 49 17 5 25 44
Time scale +5% 27 39 12 23 43
DA/AD 0 52 24 33 22
Random noise 1% 0 0 0 0 0
Low pass filter 6kHz 0 0 0 0 9
Low pass filter 15kHz 0 0 0 0 0
Crop 5x100 0 0 0 0 0
Crop 10x100 1 0 0 0 0
Crop 10x500 1 1 0 0 0
Crop 10x1000 2 2 0 4 7
WGN 0 0 0 0 0
DWT 0 0 0 0 8
MP3 : 64 kbps 2 2 0 4 9
MP3 : 128 kbps 1 1 0 0 0
Jitter 1% 0 0 0 0 0
FLAC 0 0 0 0 0
Downsampling 0 0 0 0 0
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Inegunsinsal
NAINATDU ININATOU ININATOU ININATOU ININATOU

fil fi2 i3 fia fis
lutims Tawd 0 0 0 0 0
Time scale -5% 49 42 44 24 44
Time scale +5% 47 45 44 25 29
DA/AD 30 27 49 19 43
Random noise 1% 0 0 0 0 0
Low pass filter 6kHz 4 5 14 0 0
Low pass filter 15kHz 0 0 0 0 0
Crop 5x100 0 0 0 0 0
Crop 10x100 0 0 0 0 0
Crop 10x500 8 0 17 0 2
Crop 10x1000 9 12 19 0 4
WGN 4 0 0 0 0
DWT 0 6 0 3 0
MP3 : 64 kbps 9 13 0 6 7
MP3 : 128 kbps 7 11 0 4 0
Jitter 1% 4 0 0 0 0
FLAC 0 0 0 0 0
Downsampling 0 0 0 0 0
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M3197 5.9 MANNRANAAVDITAALINNHANINATDUDAND INUNUINAS INedan

WDl IWaINaaoy IWaINaaDy IWaINaaoy IWaINaaDy

il fi2 i3 fia is
lutims Tawd 0 0 0 0 0
Time scale -5% 17 13 8 1 16
Time scale +5% 7 17 3 6 12
DA/AD 27 37 5 47 12
Random noise 1% 0 0 0 0 0
Low pass filter 6kHz 0 0 0 0 0
Low pass filter 15kHz 0 0 0 0 0
Crop 5x100 0 0 0 0 0
Crop 10x100 0 0 0 0 0
Crop 10x500 0 0 0 0 0
Crop 10x1000 0 0 0 0 1
WGN 0 0 1 0 0
DWT 0 0 0 0 0
MP3 : 64 kbps 1 0 0 0 0
MP3 : 128 kbps 0 0 0 0 0
Jitter 1% 0 0 0 0 0
FLAC 0 0 0 0 0
Downsampling 0 0 0 0 0
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M15199 5.10 AMANUAANAIAVDITAMELNNNNANTNATDUDAND I NUNUINAIEINA Classics

WDl IWaINaaoy IWaINaaDy IWaINaaoy IWaINaaDy
il fi2 i3 fia is
lutims Tawd 0 0 0 0 0
Time scale -5% 30 29 21 22 28
Time scale +5% 10 5 8 12 7
DA/AD 15 26 39 29 5
Random noise 1% 0 0 0 0 0
Low pass filter 6kHz 0 0 0 0 0
Low pass filter 15kHz 0 0 0 0 0
Crop 5x100 0 0 0 0 0
Crop 10x100 0 0 0 0 0
Crop 10x500 0 0 0 0 0
Crop 10x1000 0 1 0 0 2
WGN 0 26 0 9 0
DWT 0 0 0 0 0
MP3 : 64 kbps 0 0 0 0 0
MP3 : 128 kbps 0 0 0 0 0
Jitter 1% 0 0 0 0 0
FLAC 0 0 0 0 0
Downsampling 0 0 0 0 0
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15191 5.11 ManuRananvesinmeihvInHamInAaaudanes NUNLINaIa1na Pop

WDl IWaINaaoy IWaINaaDy IWaINaaoy IWaINaaDy

il fi2 i3 fia is
lutims Tawd 0 0 0 0 0
Time scale -5% 58 54 39 41 20
Time scale +5% 50 48 37 42 10
DA/AD 52 32 30 31 18
Random noise 1% 0 3 0 0 0
Low pass filter 6kHz 0 5 0 0 0
Low pass filter 15kHz 0 0 0 0 0
Crop 5x100 0 0 0 0 0
Crop 10x100 0 0 0 0 0
Crop 10x500 0 0 0 0 0
Crop 10x1000 0 5 0 11 1
WGN 7 5 2 9 4
DWT 6 0 2 10 0
MP3 : 64 kbps 5 7 5 0 0
MP3 : 128 kbps 0 0 0 0 0
Jitter 1% 0 0 0 0 0
FLAC 0 0 0 0 0
Downsampling 0 0 0 0 0
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M54 5.12 MANUAANAIAVDITAMELINNNNANTNATDUDAND I NUNUINAIE NG Jazz

WDl IWaINaaoy IWaINaaDy IWaINaaoy IWaINaaDy

il fi2 i3 fia is
lutims Tawd 0 0 0 0 0
Time scale -5% 26 17 30 17 31
Time scale +5% 29 14 29 26 17
DA/AD 22 24 35 26 35
Random noise 1% 0 0 0 0 0
Low pass filter 6kHz 1 0 0 0 0
Low pass filter 15kHz 0 0 0 0 0
Crop 5x100 0 0 0 0 0
Crop 10x100 0 0 0 0 0
Crop 10x500 0 0 0 0 0
Crop 10x1000 1 0 2 1 1
WGN 2 10 0 0 1
DWT 0 3 0 0 0
MP3 : 64 kbps 0 0 0 0 0
MP3 : 128 kbps 0 0 0 0 0
Jitter 1% 0 0 0 0 0
FLAC 0 0 0 0 0
Downsampling 0 0 0 0 0
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B W3 WHNeRaaNTa

adnaaeun 7

]
@

Y
WANNWTZWNEUUA

1 1W3 WHNeRaaNTa

INAINAAUN 8

Tifriauemzs

ge

Tne@y w13

Wasnaaoun 9

ANNAIY

Tnedy w3

WaINAAoUN 10

A DUNYT

Tnedy uIns

A1519% n.4 518‘%61,1/\1@\1 Classics

M Forma Aatlu
NaInNaaol ‘17; 1 Confutatis Gert Frischmuth
gwaqwﬂagufﬁ 2 Benedictus Gert Frischmuth
NN a0l ﬁ 3 Kyrie Gert Frischmuth
WadnNaa ol ﬁ 4 Lacrimosa Gert Frischmuth
NN a0 ﬁ 5 Requiem Gert Frischmuth

Wasnaaoun 6

Allegro in D major

Monteverdi Choir

Wasnaaoun 7

Romance in D major

Monteverdi Choir

NaINAAOUN 8

Rondo in D major

Monteverdi Choir

Wasnaaoun 9

Allegro in B flat major

Jend Jando

WaINAaouN 10

Larghetto in B flat major

Jend Jandd
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M Foina falu
INaanae E)‘U‘ﬁ' 1 Love Is All Around Wet Wet Wet
Lwaqmﬂagufﬁ 2 She's Out Of My Life Josh Groban
Lwa\‘]‘ﬂﬂﬁﬂ‘]_}‘ﬁ 3 Thinking Of You Katy Perry
masnadeud 4 What Can I Do The Corrs
INaINaa E)‘U‘ﬁ' 5 That's Why You Go Away Michael Learns To Rock
AU 6 Don't Know Why Norah Jones
Lwawmauﬁ 7 Cherish Kool & The Gang
wadnag E)‘Uﬁ' 8 Tonight I Celebrate My Love Peabo Bryson

Wasnaaoun 9

Nothing Compares to you

Sinead O'Connor

WaInNaaouUN 10 Ocean Deep CIiff Richard
= |
A1319N N.6 T1YBDINDN Jazz
A FoIWag fAatlu
ywaq]‘ymﬁgfuﬁ 1 I Love You for Sentimental Reasons Nat King Cole

NaINAAUN 2

Blue Moon

Robert De Niro & Liza Minnelli

NaINAToUN 3

Look for the Silver Lining

Chet Baker

asnaaeun 4

Fly Me to the Moon

Julie London

INAINATOUN 5

Love Is A Many Splendored Thing

Joe Lovano & Joshua Redman

Lwa\‘]‘ﬂﬂﬁﬂ‘]_}‘ﬁ 6 Dream A Little Dream Of Me Nat King Cole
Lwamﬂa’w‘ﬁ 7 Moon River Nancy Wilson
Lwa\‘]‘ﬂﬂﬁﬂ‘]_]‘ﬁ 8 Can't Take My Eyes Off You Vikki Carr
masnAgeLi 9 Misty Julie London

WaINAaouN 10

Mission Impossible

Billy May
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o v Y A v = v
EﬂjnWiﬂfﬁ»ﬂ‘VWI3?]‘1]‘1]ﬂllﬂlﬁJ@)N]uﬂ]ii‘i]Nﬂ!!ﬂﬂﬂ1Q 9

NI ptd]
Notattack TSM -5% TSM +5% DA to AD
SUT SU
E.E. E.ES E.E. E.E.
Randomnoise 1% LPF 6kHz LPF 15kHz Crop 5x100
sUT sUT SUT SUT
E.E. E.E. E.E. E.E.
Crop 10x100 Crop 10x500 Crop 10x1000 WGN
SUT SUT
.E. .E. E.E. E.E.
DWT MP3 64kbps MP3 128kbps Jitter 1%
sUT sUT
E.E. E.E. E.E. E.E.
FLAC Downsampling
SUT SUT

A ? a o Y o 1 =
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mmwmwmﬁa

Notattack TSM -5% TSM +5% DA to AD
E.E. E.E. E.E. E.E:
Randomnoise 1% LPF 6kHz LPF 15kHz Crop 5x100

SUT SUT
E.E. E.E. E.E. E.E.

Crop 10x100 Crop 10x500 Crop 10x1000 WGN
SUT SUT SUT
E.E. E.E. E.E. E.E.
DWT MP3 64kbps MP3 128kbps Jitter 1%
sUT
E.E. E.E. E.E. E.E.
FLAC Downsampling
SUT
E.E. E.E.
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Notattack

E.E.

Randomnoise 1%

E.E.

Crop 10x100

SUT

DWT

SUT
E.E.

FLAC

SUT

TSM -5%

E.E.

LPF 6kHz

SUT
E.E.

Crop 10x500

SUT

MP3 64kbps

SUT
E.E.

Downsampling

SUT

TSM +5%

SuTt

LPF 15kHz

SUT
E.E.

Crop 10x1000

E.E.

MP3 128kbps

E.E.

—

DA to AD
E.E.
Crop 5x100
E.E.
WGN
E.E.

Jitter 1%

E.E.
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INAIYNINII

Notattack TSM -5% TSM +5% DA to AD
SHT
E.E. E.E. E.E. E.
Randomnoise 1% LPF 6kHz LPF 15kHz Crop 5x100

SUT
E.E. E.E. E.E. E.E.

Crop 10x100 Crop 10x500 Crop 10x1000 WGN
SUT SUT
E.E. E.E. E.E. E.E.
DWT MP3 64kbps MP3 128kbps Jitter 1%
sUT
E.E. E.E. E.E. E.E.
FLAC Downsampling
SUT
E.E. E.E.

A ? a o Y o 1 =
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Notattack

E.E.

Randomnoise 1%

E.E.

Crop 10x100

SUT

DWT

SUT
E.E.

FLAC

SUT

TSM -5%

SUT
E.E.

LPF 6kHz

SUT
E.E.

Crop 10x500

SUT

MP3 64kbps

SUT
E.E.

Downsampling

SUT

TSM +5%

SUY
E.E:

LPF 15kHz

SUT
E.E.

Crop 10x1000

SUT

MP3 128kbps

"'"H
=
—

E

DA to AD

Crop 5x100

mTa
2
|

E.

WGN

E.E.

Jitter 1%

E.E.

—
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Notattack

E.E.

Randomnoise 1%

E.E.

Crop 10x100

SUT

DWT

SUT
E.E.

FLAC

SUT

TSM -5%
E.E.
LPF 6kHz
E.E.
Crop 10x500
E.E.
MP3 64kbps
E.E.

Downsampling

SUT

TSM +5%

E.E.

LPF 15kHz

SUT
E.E.

Crop 10x1000

E.E.

MP3 128kbps

E.E.

—

DA to AD

e

Crop 5x100

mTa
2
|

E.

WGN

E.E.

Jitter 1%

E.E.

—
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INAIHABNNIT NS UUA

Notattack TSM -5% TSM +5% DA to AD
SUT
E.E. E.E. E.E. E.E:

Randomnoise 1% LPF 6kHz LPF 15kHz Crop 5x100
sUT SUT SUT
E.E. E.E. E.E. E.E.

Crop 10x100 Crop 10x500 Crop 10x1000 WGN
SUT SUT

.E. .E. E.E. E.E.

DWT MP3 64kbps MP3 128kbps Jitter 1%
sUT sUT
E.E. E.E. E.E. E.E.
FLAC Downsampling
SUT SUT
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gﬂ‘ﬂ V.8 ﬂ”leﬂEJl!”lTl@]i”Ji]ﬁ]‘]_lvlﬂﬁfNN”IUﬂ”IiTi]iJ@]L‘W@QTTﬂQU"IW53‘1/!‘1/]‘5%1!&5]



[ Y d
mawu"luummwa

112

Notattack

E.E.

Randomnoise 1%

E.E.

Crop 10x100

SUT

DWT

SUT
E.E.

FLAC

SUT

TSM -5%

MP3 64kbps

SUT
E.E:

Downsampling

H
—
—i

TSM +5%

G
E.E.

LPF 15kHz

SUT
E.E.

Crop 10x1000

SUT

MP3 128kbps

"'"H
=
—

E

DA to AD

E.E

Crop 5x100

sUT
E.E.

WGN

EE

Jitter 1%

E.E.
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Notattack

E.E.

Randomnoise 1%

E.E.

Crop 10x100

E.E.

DWT

SUT
E.E.

FLAC

SUT

TSM -5%

SUT
E.E.

LPF 6kHz

SUT
E.E.

Crop 10x500

SUT
E.E.

MP3 64kbps

"'"i
=
=

E

Downsampling

E.E.

A

TSM +5%

LPF 15kHz

SUT
E.E.

Crop 10x1000

Sut
E.E.

MP3 128kbps

"'"H
=
—

.E.

DA to AD

B

Crop 5x100
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Notattack

E.E.

Randomnoise 1%

E.E.

Crop 10x100

SUT

DWT

SUT
E.E.

FLAC

SUT

TSM -5%
E;éj;
LPF 6kHz

SUT
EE.

Crop 10x500

SUT

MP3 64kbps

SUT
E.E.

Downsampling

SUT

TSM +5%

LPF 15kHz

SUT
E.E.

Crop 10x1000

E.E.

MP3 128kbps

E.E.

—

DA to AD

E: E.

Crop 5x100

E.E.

WGN

E.E.

Jitter 1%

E.E.

~ ? A o Y w1 = 9
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Notattack

E.E.

Randomnoise 1%

E.E.

Crop 10x100

SUT

DWT

SUT
E.E.

FLAC

SUT

TSM -5%
E .'%.I
LPF 6kHz

SUT
E.E.

Crop 10x500

Sy

MP3 64kbps

SUT
E.E

Downsampling

SUT

TSM +5%

LT
E.C.
LPF 15kHz

SUT
E.E.

Crop 10x1000

SUT

MP3 128kbps

b —j

DA to AD

Crop 5x100

mTa
2
|

E.

WGN

E.E.

Jitter 1%

EE.

—
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Notattack

E.E.

Randomnoise 1%

E.E.

Crop 10x100

SUT

DWT

SUT
EE.

FLAC

SUT

TSM -5%

SUTS
E.B

LPF 6kHz

SUT
EE.

Crop 10x500

SUT

MP3 64kbps

SUT

E_E:

Downsampling

SUT

TSM +5%

EY

LPF 15kHz

SUT
E.E.

Crop 10x1000

E.E.

MP3 128kbps

E.E.

—_—1

DA to AD

El‘l [ ]

Crop 5x100

mTa
2
|

E.

WGN

E.E.

Jitter 1%

E.E.

—
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Notattack

E.E.

Randomnoise 1%

E.E.

Crop 10x100

SUT

DWT

SUT
E.E.

FLAC

SUT

TSM -5%

s
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LPF 6kHz

E.E.

Crop 10x500

MP3 64kbps

E.E.

Downsampling

H
—
—i

TSM +5%

B

E.E.

LPF 15kHz

SUT
E.E.

Crop 10x1000
oHY
E.E.

MP3 128kbps

"'"H
=
—

E.

DA to AD

i

Crop 5x100

mTa
2
|

E.

WGN

E.E.

Jitter 1%

E.E.
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Notattack

E.E.

Randomnoise 1%

E.E.

Crop 10x100

SUT

DWT

SHT
E.E.

FLAC

SUT

TSM -5%

MP3 64kbps

SUT
E.E:

Downsampling

H
—
—i

TSM +5%

Kl

E.E:

LPF 15kHz

SUT
E.E.

Crop 10x1000

E.E.

MP3 128kbps

E.E.

—

DA to AD

Crop 5x100

mTa
2
|

E.

WGN

E.E.

Jitter 1%

E.E.

—
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Notattack

E.E.

Randomnoise 1%

E.E.

Crop 10x100

SUT

DWT

SUT
E.E.

FLAC

SUT

TSM -5%

SLIY
E.E

LPF 6kHz

SUT
E.E.

Crop 10x500

SUT

MP3 64kbps

E.E.
Downsampling

E.E.

TSM +5%

E.F.

LPF 15kHz

SUT
E.E.

Crop 10x1000

E.E.

MP3 128kbps

E.E.

—

DA to AD

B

Crop 5x100

mTa
2
|

E.

WGN

E.E.

Jitter 1%

E.E.

—
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INAINIHNAUN
Notattack TSM -5% TSM +5% DA to AD
R
E.E. K K B
Randomnoise 1% LPF 6kHz LPF 15kHz Crop 5x100

%Iéﬂ E@
E.E. E. E. E.E.

Crop 10x100 Crop 10x500 Crop 10x1000 WGN
SUT

b
i
b

DWT

MP3 64kbps MP3 128kbps Jitter 1%

i
e
m

FLAC Downsampling
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wasadaai/lva

Notattack TSM -5% TSM +5% DA to AD
I
E.E. E. E.E: E:
Randomnoise 1% LPF 6kHz LPF 15kHz Crop 5x100

SUT SUT
E.E. E.E. E.E. E.E.

Crop 10x100 Crop 10x500 Crop 10x1000 WGN
3
DWT MP3 64kbps MP3 128kbps Jitter 1%
SUT
E.E. E-E. E.E. E.E.
FLAC Downsampling
SUT
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magsudai
Notattack TSM -5% TSM +5% DA to AD
E.E. E.¥: E. E.E:
Randomnoise 1% LPF 6kHz LPF 15kHz Crop 5x100

SUT SUT
E.E. E.E. E.E. E.E.

Crop 10x100 Crop 10x500 Crop 10x1000 WGN
E@ E@
E L ] u E [ ] EI EI u E L ] u
DWT MP3 64kbps MP3 128kbps Jitter 1%
E'I@
E.E. E._E. E.E. E.E.
FLAC Downsampling
SUT
E L ] EI E n EI
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Notattack TSM -5% TSM +5% DA to AD
ST E’I@i
E.E. E.E} E.& E.E.

Randomnoise 1% LPF 6kHz LPF 15kHz Crop 5x100
sUT SUT SUT
E.E. E.E. E.E. E.E.

Crop 10x100 Crop 10x500 Crop 10x1000 WGN
SUT SUT SUT
E.E. E.E. E.E. E.E.
DWT MP3 64kbps MP3 128kbps Jitter 1%
sUT = SUT
E.E. E.E. E.E. E.E.
FLAC Downsampling
SUT SUT
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Notattack

E.E.

Randomnoise 1%

E.E.

Crop 10x100

SUT
E.E.

DWT

SUT
E.E.

FLAC

SUT
E.E.

TSM -5%

SUY
EE.
LPF 6kHz

SUT
E.E.

Crop 10x500

SUT
E.E.

MP3 64kbps

SUT
E.E.

Downsampling

SUT
E.E.

TSM +5%

b

LPF 15kHz

SUT
E.E.

Crop 10x1000

E.E.

MP3 128kbps

E.E.

DA to AD

SUT
kBl

Crop 5x100

sUT
E.E.

WGN

E.E.

Jitter 1%

E.E.
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Notattack

E.E.

Randomnoise 1%

E.E.

Crop 10x100

E.E.

DWT

SUT
E.E.

FLAC

“‘H
.
T

TSM -5%

S

E.E:

LPF 6kHz

SUT
E.E.

Crop 10x500

SUT
E.E.

MP3 64kbps

SUT
E.E.

Downsampling

E.E.

TSM +5%

ey

LPF 15kHz

SUT
E.E.

Crop 10x1000

E.E.

MP3 128kbps

SUT
E.E.

DA to AD
E.E.
Crop 5x100
E.E.
WGN
E.E.

Jitter 1%

SUT
E.E.
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gﬂ‘ﬂ V.22 ﬂWWﬂ”IEJU”IVW]T)iﬁ]U1ﬂﬁaﬂw1uﬂ1ﬁjﬂuﬁlwaqqﬂﬂ1




NaNIUaINED

126

Notattack

SUT
E.E.

Randomnoise 1%

SUT
E.E.

Crop 10x100

SUT
E.E.

DWT

sUT
E.E.

FLAC

SUT
E.E.

TSM -5%
ST
E.E:

LPF 6kHz

SUT
E.E.

Crop 10x500

SUT
E.E.

MP3 64kbps

sUT
E.E:

Downsampling

SUT
E.E.

TSM +5%

-—
E.E:
[ ] i

LPF 15kHz

SUT
E.E.

Crop 10x1000

SUY
E.E:

MP3 128kbps

e
=

DA to AD

Crop 5x100
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.E.

WGN

E.E.

Jitter 1%

E.E.
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Notattack

E.E.

Randomnoise 1%

E.E.

Crop 10x100

SUT
E.E.

DWT

sUT
E.E.

FLAC

SUT
E.E.

TSM -5%

E.E:

LPF 6kHz

sUT
E.E.

Crop 10x500

SUT
E.E.

MP3 64kbps

sUt
E.E.

Downsampling

SUT
E.E.

TSM +5%

SLT
E.E.

LPF 15kHz

SUT
E.E.

Crop 10x1000

ouUT

MP3 128kbps

E.E.

DA to AD

SUT
E.E.

Crop 5x100

sUT
E.E.

WGN

E.E.

Jitter 1%

E.E.
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Notattack

E.E.

Randomnoise 1%

E.E.

Crop 10x100

SUT

DWT

SUT
E.E.

FLAC

SUT

TSM -5%

E:

LPF 6kHz
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=
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E

Crop 10x500
SU
E.E.

MP3 64kbps

SUT
EE.

=

Downsampling

H
—
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TSM +5%

LPF 15kHz

SUT
E.E.

Crop 10x1000

E.E.

MP3 128kbps

E.E.

—

DA to AD
E:E.
Crop 5x100
E.E.
WGN
E.E.

Jitter 1%

E.E.
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SUT
E.E.

Crop 10x100

SUT
E.E.

DWT

SUT
E.E.

FLAC

SUT
E.E.

TSM -5%

i

LPF 6kHz

me,
=
—

E

Crop 10x500

SU
E.E.

MP3 64kbps

SUT
E.E:

—

Downsampling

iii
—
—

TSM +5%

LPF 15kHz

SUT
E.E.

Crop 10x1000

SuUT
E.E.

MP3 128kbps

I
E.

My
—

DA to AD
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Notattack

SUT
E.E.

Randomnoise 1%

SUT
E.E.

Crop 10x100

SUT
E.E.

DWT
SUT
E.E.

FLAC

SUT
E.E.

TSM -5%

E.

LPF 6kHz

L

me,
=
—

E

Crop 10x500

SU
E.E.

—

MP3 64kbps

SUT
E.E.

Downsampling

iii
—
—

TSM +5%

£

LPF 15kHz

SUT
E.E.

Crop 10x1000
SUT
E.E.

MP3 128kbps

I
E.

My
—

DA to AD

SUT
E.E.

Crop 5x100

SUT
E.E.

WGN
SUT
E.E.

Jitter 1%
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Notattack

SUT
E.E.

Randomnoise 1%

SUT
E.E.

Crop 10x100

SUT
E.E.

DWT

SUT
E.E.

FLAC

SUT
E.E.

TSM -5%
&UT
E.E:

LPF 6kHz

sUT
E.E.

Crop 10x500

SUT
E.E.

MP3 64kbps

SUT
E.E.

Downsampling

SUT
E.E.

TSM +5%

b

LPF 15kHz

SUT
E.E.

Crop 10x1000

SUT
E.E.

MP3 128kbps

I
E.

My
—

DA to AD

SUT
E.E

Crop 5x100

SUT
E.E.

WGN

SUT
E.E.

Jitter 1%
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Notattack

E.E.

Randomnoise 1%

E.E.

Crop 10x100
E.E.
DWT

sU
E.E.

FLAC
SUT
E.

TSM -5%

b

LPF 6kHz

SUT
E.E.

Crop 10x500

SUT
E.E.

MP3 64kbps
SEIT
E.E.

Downsampling
SUT
El

TSM +5%

LPF 15kHz

SUT
E.E.

Crop 10x1000

SuT
E.E.

MP3 128kbps

My
=
—

.E.

DA to AD

AL

Crop 5x100

mi¥,
2
—

.E.

WGN

Jitter 1%
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E.E.

—
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(a4 Cherish

Notattack TSM -5% TSM +5% DA to AD
SUT| E!!éi E!lgi E!!lgi
E.E. E.E. E.E. E.F:

Randomnoise 1% LPF 6kHz LPF 15kHz Crop 5x100
SUT
E.E. E.E. E.E. E.E.

Crop 10x100 Crop 10x500 Crop 10x1000 WGN
SUT SUT

.E. .E. E.E. E.E.

DWT MP3 64kbps MP3 128kbps Jitter 1%
SUT SUT
E.E. E.E. E.E. E.E.
FLAC Downsampling
SUT SUT
E.E. E.E.
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Notattack

E.E.

Randomnoise 1%

E.E.

Crop 10x100

E.E.

DWT

sUT
E.E.

FLAC
SUT
E.

TSM -5%

LPF 6kHz

E.E.

Crop 10x500

SUT
E.E.

MP3 64kbps

E.E.

Downsampling
SUT
E.E

TSM +5%

SUE

LPF 15kHz

SUT
E.E.

Crop 10x1000

SuT
E.E.

MP3 128kbps
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=
—
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DA to AD

EE

Crop 5x100

SUT
E.E.

WGN

SUT
E.E.

Jitter 1%
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2
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Notattack

SUT
E.E.

Randomnoise 1%

E.E.

Crop 10x100

SUT
E.E.

DWT

SUT
E.E.

FLAC

SUT
E.E.

TSM -5%

b

LPF 6kHz

SUT
E.E.

Crop 10x500
SUT
E.

MP3 64kbps

sUT
E.E.

Downsampling

SUT

TSM +5%

ey

LPF 15kHz

SUT
E.E.

Crop 10x1000

E.E.

MP3 128kbps

E.E.

DA to AD

E.E.
Crop 5x100

SUT
E.E.

WGN

E.E.

Jitter 1%
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Notattack
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Randomnoise 1%

SUT
E.E.
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SUT
E.E.

FLAC
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E.E.
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SUT

E.E.

LPF 6kHz

sUT
E.E.

Crop 10x500

SUT
E.E.

MP3 64kbps

SUT
E.E.
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SUT
E.E.
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E.E.
LPF 15kHz

SUT
E.E.

Crop 10x1000

SuUT
E.E.

MP3 128kbps
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CODE Nl¥lumsinsandayanamwaiaiii

p=imread(‘eesut.jpg');
pic=double(im2bw(p));
[row,col]=size(pic);
ve=reshape(pic,1,row*col);

for i=1:1:length(vc)

if ve(i)==1
W(i)=-1;
else
W@H)=1;
end

end

CODE l¥lumsinsandyanonaes

[y,Fs1,bitl] = wavread('Test.wav");
y1=rot90(y(:,1),1);
Syl=length(y1);

sc=length(y1);

seg=row*col;

seg_w =fix(sc/seg);

ca_reshape=reshape(y1(1:seg*seg w),seg w,seg);
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CODE nl¥lumseaaai

for i=1:seg;
level=10;wv='db1";% step 1.5
[C,L] = wavedec(ca_reshape(:,i)',level,wv);
cal0 = appcoef(C,L,wv,level);
[cdl,cd2,cd3,cd4,cd5,cd6,cd7,cd8,cd9,cd10]=detcoef(C,L,[1,2,3.4,5.6,7,
8,9,10]);
s_meanS2=mean(cd10);
if W(i)==-1
Sa_Inew2=(cd10-s_meanS2)+bestvalue;
elseif W(i)==1
Sa_Inew2=(cd10-s_meanS2)- bestvalue;
end
cd10=Sa_1Inew?2;
Cnew = [cal0 cd10 cd9 cd8 cd7 cd6 cd5 cd4 cd3 cd2 cdl];
audio2 = waverec(Cnew,L,wv);
ca_reshape new(:,i)=audio2;

end

audio_new=reshape(ca_reshape new,l,seg w*seg);
audio_new (seg_w*seg+1:Syl)=yl(seg w*seg+1:Syl);

wavwrite(audio_new,Fs1,bitl,'music_emb');
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CODE nl¥lumsnsiraduaieni

[A2,Fsl1,bit]] = wavread('music_emb.wav');% step 1.2
A2=10t90(A2(:,1),1);
sc=length(A2);
seg=row*col;
seg_w =fix(sc/seg);
ca_reshape2=reshape(A2(1:seg*seg w),seg_w,seg);
for i=1:row*col
[C,L] = wavedec(ca reshape2(:.i)',level,wv);
cal0 = appcoef(C,L,wv,level);
[edl,cd2,cd3,cd4,cd5,cd6,cd7,cd8,cd9,cd10]=detcoef(C,L,[1,2,3,4,5,6,7,8,9,10]);
if mean(cd10)>0
watermark(i)=1;
else
watermark (1)=0;
end
end
Pic_ watermark =reshape(watermark,row,col);
Figure();

imshow(Pic_ watermark);




MANHIN 3

MTNHNANTNATOUANNNUNIHABNITIANA

HAZAISUEAIMANURANAIAVBIDNA 18N



H [ o d (Y] a (Y]
M3197 4.1 ManduiusnnHamsnaaeudana3nunumaslnagnie (e)

170

WDl IWaINaaoy IWaINaaDy IWaINaaoy IWaINaaDy

‘ﬁ 6 ‘17] 7 ‘17] 8 ‘17] 9 ‘1/] 10
lutims Tawd 1 1 1 1 1
Time scale -5% 0.965 0.972 0.942 0912 0.979
Time scale +5% 0.953 0.986 0.946 0.942 0.969
DA/AD 0.968 0.954 0.923 0915 0.958
Random noise 1% 1 1 1 1 1
Low pass filter 6kHz 1 1 0.988 0.996 1
Low pass filter 15kHz 1 1 1 1 1
Crop 5x100 1 1 1 1 1
Crop 10x100 1 1 1 1 1
Crop 10x500 1 1 0.988 1 1
Crop 10x1000 0.996 1 0.983 0.998 0.996
WGN 1 1 0.989 0.996 1
DWT 1 1 0.988 1 1
MP3 : 64 kbps 1 1 0.988 0.991 0.998
MP3 : 128 kbps 1 1 1 0.998 0.998

Jitter 1%

FLAC

Downsampling




4 v v d [ a (Y] d
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WDl IWaINaaoy IWaINaaDy IWaINaaoy IWaINaaDy

‘ﬁ 6 ‘ﬁ 7 ‘ﬁ 8 ‘ﬁ 9 ‘1/; 10
lutims Tawd 1 1 1 1 1
Time scale -5% 0913 0.945 0.903 0.930 0917
Time scale +5% 0.910 0.936 0.954 0.933 0.924
DA/AD 0911 0.947 0.942 0.972 0915
Random noise 1% 1 1 1 1 1
Low pass filter 6kHz 0.978 1 0.984 0.998 1
Low pass filter 15kHz 0.979 1 1 1 1
Crop 5x100 1 1 1 1 1
Crop 10x100 1 1 0.988 1 1
Crop 10x500 0.978 0.982 1 0.996 1
Crop 10x1000 0.976 0.980 0.984 0.990 1
WGN 0.986 0.978 0.983 0.996 0.978
DWT 0.983 0.982 1 1 1
MP3 : 64 kbps 0.973 0.982 0.979 0.986 1
MP3 : 128 kbps 0.979 1 0.979 0.986 1

Jitter 1%

FLAC

Downsampling




4 v v d [y a [y a
ﬂ1§1\1ﬁ .3 ﬁm‘ﬁauwuﬁmnwamsmaauaaﬂesﬁunmwm"lmmu (Vif’))

172

IWaINaaoy WDl IWaINaaoy NNl IWaNNaaol

17; 6 ‘17] 7 171 8 ‘17] 9 1/1 10
lutims Tawd 1 1 1 1 1
Time scale -5% 0.983 0.972 0.934 0.967 0.928
Time scale +5% 0.986 0.988 0.963 0.938 0.941
DA/AD 0.931 0.971 0.974 0.933 0.930
Random noise 1% 1 1 1 1 1
Low pass filter 6kHz 1 1 1 1 0.996
Low pass filter 15kHz 1 1 1 1 0.998
Crop 5x100 1 1 1 1 1
Crop 10x100 1 1 1 1 1
Crop 10x500 0.998 1 1 1 1
Crop 10x1000 1 1 1 1 0.996
WGN 0.998 1 0.989 1 0.995
DWT 1 1 0.993 1 0.996
MP3 : 64 kbps 1 1 0.988 1 0.998

MP3 : 128 kbps

Jitter 1%

FLAC

Downsampling
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WDl IWaINaaoy IWaINaaDy IWaINaaoy IWaINaaDy

‘ﬁ 6 ‘17] 7 ‘17] 8 ‘17] 9 ‘1/] 10
lutims Tawd 1 1 1 1 1
Time scale -5% 0.949 0.954 0.963 0.983 0.967
Time scale +5% 0.966 0.964 0.978 0.986 0916
DA/AD 0.949 0.922 0.975 0.993 0.957
Random noise 1% 1 1 1 1 1
Low pass filter 6kHz 1 1 1 1 1
Low pass filter 15kHz 1 1 1 1 1
Crop 5x100 1 1 1 1 1
Crop 10x100 1 1 1 1 1
Crop 10x500 1 1 1 1 1
Crop 10x1000 1 1 1 1 1
WGN 1 0.988 1 0.976 0.986
DWT 1 1 1 1 1
MP3 : 64 kbps 0.995 0.995 1 0.996 1

MP3 : 128 kbps

Jitter 1%

FLAC

Downsampling
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WDl IWaINaaoy IWaINaaDy IWaINaaoy IWaINaaDy

‘17; 6 ‘171 7 ‘171 8 ‘171 9 ‘Vl 10
lutims Tawd 1 1 1 1 1
Time scale -5% 0.937 0.943 0.976 0.985 0.961
Time scale +5% 0.936 0.976 0.968 0.975 0.944
DA/AD 0.942 0.961 0.988 0.973 0.961
Random noise 1% 1 1 1 1 1
Low pass filter 6kHz 0.988 1 1 1 1
Low pass filter 15kHz 1 1 1 1 1
Crop 5x100 1 1 1 1 1
Crop 10x100 1 1 1 1 1
Crop 10x500 1 1 1 1 1
Crop 10x1000 1 1 0.998 1 1
WGN 0.988 0.998 1 1 0.993
DWT 0.993 1 1 1 1
MP3 : 64 kbps 0.979 0.995 0.995 1 1

MP3 : 128 kbps

Jitter 1%

FLAC

Downsampling
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WDl IWaINaaoy IWaINaaDy IWaINaaoy IWaINaaDy

‘ﬁ 6 ‘17] 7 ‘17] 8 ‘17] 9 ‘1/] 10
lutims Tawd 1 1 1 1 1
Time scale -5% 0.968 0.976 0.930 0.949 0.926
Time scale +5% 0.981 0.959 0.961 0.949 0912
DA/AD 0.983 0.973 0912 0.930 0.955
Random noise 1% 1 1 1 1 1
Low pass filter 6kHz 1 1 1 1 1
Low pass filter 15kHz 1 1 1 1 1
Crop 5x100 1 1 1 1 1
Crop 10x100 1 1 1 1 1
Crop 10x500 1 1 1 1 1
Crop 10x1000 1 0.998 1 0.995 0.998
WGN 1 1 0.986 0.996 1
DWT 1 1 1 1 1
MP3 : 64 kbps 1 0.998 1 0.996 1

MP3 : 128 kbps

Jitter 1%

FLAC

Downsampling
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M319i 4.7 ManaEanaavesinaihmnwansnaaeudaneIinnUmad Inggna (e)

WDl IWaINaaoy IWaINaaDy IWaINaaoy IWaINaaDy
‘ﬁ 6 ‘17] 7 ‘17] 8 ‘17] 9 ‘17] 10
lutims Tawd 0 0 0 0 0
Time scale -5% 21 17 34 53 12
Time scale +5% 28 8 32 34 18
DA/AD 19 27 46 50 27
Random noise 1% 1 0 0 0 0
Low pass filter 6kHz 1 0 7 2 0
Low pass filter 15kHz 1 0 0 0 0
Crop 5x100 1 0 0 0 0
Crop 10x100 1 0 0 0 0
Crop 10x500 1 0 7 0 0
Crop 10x1000 2 0 10 1 2
WGN 1 0 6 1 0
DWT 1 0 7 0 0
MP3 : 64 kbps 1 0 7 5 1
MP3 : 128 kbps 1 0 0 1 1
Jitter 1% 1 0 0 0 0
FLAC 1 0 0 0 0
Downsampling 1 0 0 0 0
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NAINATDU ININATOU ININATOU ININATOU ININATOU
fi6 fi7 fis fio il
lutims Tawd 0 0 0 0 0
Time scale -5% 52 33 57 42 44
Time scale +5% 54 38 27 40 45
DA/AD 53 31 34 17 50
Random noise 1% 0 0 0 0 0
Low pass filter 6kHz 13 0 9 1 0
Low pass filter 15kHz 12 0 0 0 0
Crop 5x100 0 0 0 0 0
Crop 10x100 0 0 7 0 0
Crop 10x500 11 11 0 3 0
Crop 10x1000 12 11 11 6 0
WGN 11 12 10 2 13
DWT 10 11 0 0 0
MP3 : 64 kbps 16 11 12 8 0
MP3 : 128 kbps 12 0 8 1 0
Jitter 1% 0 0 0 0 0
FLAC 0 0 0 0 0
Downsampling 0 0 0 0 0
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M99 1.9 MANNRANaIAvRITAMIIN HaMINATRUDaND INUALINAY InadN ()

IWaINaaoy WDl IWaINaaoy NNl IWaNNaaol
17; 6 ‘17] 7 17] 8 ‘17] 9 17] 10
lutims Tawd 0 0 0 0 0
Time scale -5% 10 17 39 19 43
Time scale +5% 8 7 22 36 35
DA/AD 41 17 15 40 42
Random noise 1% 0 0 0 0 0
Low pass filter 6kHz 0 0 0 0 2
Low pass filter 15kHz 0 0 0 0 1
Crop 5x100 0 0 0 0 0
Crop 10x100 0 0 0 0 0
Crop 10x500 1 0 0 0 0
Crop 10x1000 0 0 0 0 2
WGN 1 0 4 0 3
DWT 0 0 4 0 2
MP3 : 64 kbps 0 0 7 0 1
MP3 : 128 kbps 0 0 0 0 0
Jitter 1% 0 0 0 0 0
FLAC 0 0 0 0 0
Downsampling 0 0 0 0 0
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NAINATDU ININATOU ININATOU ININATOU ININATOU
fi6 fi7 fis fio il
lutims Tawd 0 0 0 0 0
Time scale -5% 30 27 22 10 19
Time scale +5% 20 21 13 8 52
DA/AD 30 46 15 4 25
Random noise 1% 0 0 0 0 0
Low pass filter 6kHz 0 0 0 0 0
Low pass filter 15kHz 0 0 0 0 0
Crop 5x100 0 0 0 0 0
Crop 10x100 0 0 0 0 0
Crop 10x500 0 0 0 0 0
Crop 10x1000 0 0 0 0 0
WGN 0 7 0 14 8
DWT 0 0 0 0 0
MP3 : 64 kbps 3 3 0 2 0
MP3 : 128 kbps 0 0 0 0 0
Jitter 1% 0 0 0 0 0
FLAC 0 0 0 0 0
Downsampling 0 0 0 0 0
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NAINATDU ININATOU ININATOU ININATOU ININATOU
fi6 fi7 fis fio il
lutims Tawd 0 0 0 0 0
Time scale -5% 37 35 14 9 23
Time scale +5% 37 14 19 15 33
DA/AD 34 24 7 16 23
Random noise 1% 0 0 0 0 0
Low pass filter 6kHz 7 0 0 0 0
Low pass filter 15kHz 0 0 0 0 0
Crop 5x100 0 0 0 0 0
Crop 10x100 0 0 0 0 0
Crop 10x500 0 0 0 0 0
Crop 10x1000 0 0 1 0 0
WGN 7 1 0 0 4
DWT 4 0 0 0 0
MP3 : 64 kbps 12 3 3 0 0
MP3 : 128 kbps 0 0 0 0 0
Jitter 1% 0 0 0 0 0
FLAC 0 0 0 0 0
Downsampling 0 0 0 0 0
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NAINATDU ININATOU ININATOU ININATOU ININATOU
fi6 fi7 fis fio il
lutims Tawd 0 0 0 0 0
Time scale -5% 19 14 41 30 44
Time scale +5% 11 24 23 30 52
DA/AD 10 16 53 41 27
Random noise 1% 0 0 0 0 0
Low pass filter 6kHz 0 0 0 0 0
Low pass filter 15kHz 0 0 0 0 0
Crop 5x100 0 0 0 0 0
Crop 10x100 0 0 0 0 0
Crop 10x500 0 0 0 0 0
Crop 10x1000 0 1 0 1 1
WGN 0 0 8 0 0
DWT 0 0 0 0 0
MP3 : 64 kbps 0 1 0 2 0
MP3 : 128 kbps 0 0 0 0 0
Jitter 1% 0 0 0 0 0
FLAC 0 0 0 0 0
Downsampling 0 0 0 0 0
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183

a1Ay swiea maudvesmenih
mamageui 1 | lne 0.41864041
mamageud 2 | usuauwsn 0.87345849
mamageud 3 | aeanilesiiioedn 0.69278184
mamageUR 4 | Snanivenuunu 0.56690124
MaImAeud 5 Audalnaledanis 0.72457660
mamageuii6 | 18lvedr 1Sy 0.74976968
mamageuii 7 ﬁﬂﬂﬁgﬂéﬁﬂﬁq 0.63982070
mamageuii 8 | lidaduseiian 0.27002096
mamageuii 9 Snaulnsudvae 0.78698281
mamageud 10 | sauuinass 0.30428745
19 .2 ﬁ1m1m%’u‘lumsé’famﬂﬁwmmm‘lmqummmi
an se¥emag manudvesaeh
masnageuii 1 | quiuinezis 0.42289750
mamagenii2 | asdilesih 0.45770283
mamageui 3 AUTITNAUOIN 0.42750152
mamageUi 4 | ¥udia 0.52134651
mamageuii s | aAndeuie 0.57854420
mamageuR 6 | wivwada 0.28914261
mamageudi 7 | asaailng 0.35048658
mamageuiis | Suidah 0.37851086
mamageui o | wethswaa 0.52231111
masnageuii 10 | v 0.48272950
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a1Ay swiema manudvesmenih
MaInAToUA 1 HUNE Y 0.25754775
mamageui 2 LUNTNIYITO 0.26137499
mamageuii 3 AUUNIIFIATA 0.23167751
mamageu 4 LUNTNN 0.23501022
maImAeud 5 Auaninszayns 0.26801683
mamageuii 6 UMNEUYTY 0.29855109
mamageuii 7 wﬁaﬁmszwmuuﬁ 0.19466616
MaImAToUT 8 v Ty 0.27038491
mamageuii 9 AUNAY I 0.38746025
mamageud 10 | a¥osmays 0.23249251
a1 9.4 manudalumsdemernveawasana Classics
a1Ay se¥erna manudvesaeh
LWﬁQﬂﬂﬁﬁ]U“ﬁ 1 Confutatis 0.34758330
L‘Wﬁﬂ‘lflﬂﬁ’émﬁ 2 Benedictus 0.13828608
LWﬁQﬂﬂﬁﬁ]U“ﬁ 3 Kyrie 0.27398536
LWﬂWIﬂﬁ’f]‘]Jﬁ 4 Lacrimosa 0.14975984
LWﬂWIﬂﬁ’f]‘]Jﬁ 5 Requiem 0.47610160
LWﬂWIﬂﬁ’f]‘]Jﬁ 6 Allegro in D major 0.21894636
LWﬂWIﬂﬁ’f]‘]Jﬁ 7 Romance in D major 0.15096894
L‘Wﬁﬂ‘lflﬂﬁ’émﬁ 8 Rondo in D major 0.25909689
L‘Wﬁﬂ‘lflﬂﬁ’émﬁ 9 Allegro in B flat major 0.13739069
L‘Wﬁﬂ‘lflﬂﬁ’émﬁ 10 Larghetto in B flat major 0.15795096
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Ay swwFema maeduvesmei
mawmauﬁ 1 Love Is All Around 0.40882032
mawmauﬁ 2 She's Out Of My Life 0.24617857
mawmauﬁ 3 Thinking Of You 0.48830152
L‘Wﬂﬁ‘ﬂﬂﬁﬂﬂ‘ﬁ 4 What Can I Do 0.35290578
L‘Wﬂﬁ‘ﬂﬂﬁﬂﬂ‘ﬁ 5 That's Why You Go Away 0.20995715
L‘Wﬂﬁ‘ﬂﬂﬁﬂﬂ‘ﬁ 6 Don't Know Why 0.33751566
L‘Wﬁﬂ‘ﬂﬂﬁﬂ‘uﬁ 7 Cherish 0.41150671
mawmauﬁ 8 Tonight I Celebrate My Love 0.29551788
mawmauﬁ 9 Nothing Compares to you 0.34995117
mawmauﬁ 10 Ocean Deep 0.21259754

mafi 2.6 maadidumsifiaeinveanwasana Jaz

Ay swFernas mamnduvesmeni
IWanad ’E]‘U‘ﬁ 1 I Love You for sentimental Reasons 0.24998236
L‘Wﬁﬂ‘lflﬂﬁ’émﬁ 2 Blue Moon 0.18035069
L‘Wﬁﬂ‘lflﬂﬁ’émﬁ 3 Look for the Silver Lining 0.30132237
LWﬂWIﬂﬁ’f]‘]Jﬁ 4 Fly Me to the Moon 0.25901550
LWﬂWIﬂﬁ’f]‘]Jﬁ 5 Love Is A Many Splendored Thing 0.24352571
LWﬂWIﬂﬁ’f]‘]Jﬁ 6 Dream A Little Dream Of Me 0.63251198
LWﬂWIﬂﬁ’f]‘]Jﬁ 7 Moon River 0.46525780
L‘Wﬁﬂ‘lflﬂﬁ’émﬁ 8 Can't Take My Eyes Off You 0.18952577
L‘Wﬁﬂ‘lflﬂﬁ’émﬁ 9 Misty 0.27282544
L‘Wﬁﬂ‘lflﬂﬁ’émﬁ 10 Mission Impossible 0.26382508
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Abstract

In this paper, an algorithm for blind audio watermarking in
wavelet transform domain is proposed lo achieve high quality
watermarked audio signal and robust walermark. A search
algorithm called pariicle swarm oplimizalion is used (o find lhe
opfimal intensity of walermark. The watermark delection process
can be performed without using the original audio signal .The
experimental resulls demonstrale thal watermnark is inaudible and
robust to many digital signal processing such as resampling,
cropping, low pass filfer additive noise, lossy compression and
time scale modification.
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Discrete wavelet transform, audio watermarking, Particle
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3.1 Discrete Wavelet Transform {DWT)
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3.2 Particle Swarm Optimization (PSO)
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