Y Z o YY) = ana Y S
ﬂ1itﬁ‘lQﬁ1El‘L!TsT]‘ViﬂJ’cTﬁyﬁllu"lmm’ﬂ\‘lﬂimﬂﬁiﬂtﬂ‘lfﬂﬁ!!ﬂﬁﬂl%ﬂ!ﬁﬂ!!ﬁ%ﬂﬁ

AU IMUDAT A5 DA?

v d dal J
HIIHNHUN AN

'"?nﬂ1ﬁwuﬁﬁaﬂudauﬁﬁwmmﬁﬁnymmﬁﬁnqmﬂ%q;moﬁmnﬁumamnmﬁ’mﬂm
s Ianssuluih
v Ingnagnaluladgsins
Umstinu 2548
ISBN 974-533-553-3



WAVELET-BASED DIGITAL AUDIO

WATERMARKING USING ADAPTIVE TABU SEARCH

Noppanan Sriyingyong

A Thesis Submitted in Partial Fulfillment of the Requirements for the
Degree of Master of Engineering in Electrical Engineering
Suranaree University of Technology
Academic Year 2005

ISBN 974-533-553-3



o : ) LY .Y = ey k1 -] F
DTIMABWUTATNTY t:gtguymﬂammaa‘im‘l‘nm‘staamﬂmﬂsmzmsﬂum

Hupn T IlSud

= o = = wag Yo o oy o qs dy 1 é
uIngdomaTuladgsus eyl liduinniwusmiuidudumilsvesmsdnu

aumangeslsyanumitiude

AUTNITUMTAOLINGVINUT

NN e

- 4

(311, ﬁs.ﬂﬂjw“ qines)

YseHIUNTSUMS

M’ %k\hn:p@

(N, A5.0AA DADNINIAA)

oS et - a o,
ASIUNS (19 158RUTAYIINUTHNUT)

e WA

(WAl #3500 A3udn)

NITUMT

1 = -

(561, A1 Saumid) (361, U.9. AT.ITNIY BINA)

spsasmsuarhodnms anvddninInIsnssumans



wiul A3gaean mia%’Nawﬁzé’{m%”uﬁ’mﬂﬁmgﬁmﬁ%maTﬂﬂi%’ﬂﬁggﬂammﬁﬁ
HATMIAUMWUDAIYFSDA?  (WAVELET  BASED  DIGITAL  AUDIO
WATERMARKING USING ADAPTIVE TABU SEARCH) @1%155ﬁﬂ§ﬂ‘]§1:
A¥aomans1913d as.nad dannauena, 134 Wi

ISBN 974-533-553-3

J & ad o Y Y ¥ ' A
a']ﬂu1“JULﬂﬂIUIaﬂﬂu1ﬁ1ﬁﬁﬁﬂ1u@1qq3J']5'33Jl"11'|ﬂ'38ﬂu FU NITADET d1TaUINA

o A I [ a v A M Yo 9 A
msdszmaradyana odumsflosiumsaziianswddulaelulasvoynia Areman

= an o

3’ 1 1 1 Aa 4 a 4 3
L’dﬂmﬁm@ammmgm/ncmu,azmﬂumllﬁlﬂﬂmumwumaimﬂ ﬂWSWQﬂUﬂ'J'HJL‘]Ju!%HGU@\iﬁﬂ

o Y 1A 1 A [ aa Y a
ﬂumﬂ%mﬁ‘umuma‘ﬂmﬂummmﬁaamﬂg‘amm

e

Y 9J Y] v ltﬂ' an 9 (% d! 1 a [
LLiJ’NﬂﬁL‘lﬂﬁﬁﬁ’ﬂZﬁ"li]']iflﬂ’f)\‘]ﬂuﬂ'limﬂllwiﬁﬂﬂﬁ]ﬂﬂﬁllﬂaluﬁzﬂﬂﬁuﬂ UANAUARN

v A9 A A o W & A [ = [] ¢ A A %
N 138Q3Jﬂlﬂlﬁﬂvlﬁ1ﬂiuuﬂ§$ﬂﬁﬁuQﬂ@ ﬂﬁ‘ﬂﬂﬂﬂuﬂgqmlﬁﬂulﬂﬂﬂNﬁiJ‘]alimLlli’)ﬁﬂ‘g]ﬂﬂi’)ﬂiﬁﬁ

v <l

a
9 Y Aa a a o = =K o 9 Aad A A Aa a 1 Asl o
a1 muumiﬂﬂﬂmaﬂlﬁmﬂuﬁtyaﬁmLﬁmmmyﬂu&aﬂwa‘ﬁ‘ﬂuﬂizﬁ‘i/l‘ﬁmwummn‘ﬁm

i
nam

=~

31 aa .. . | a L ! ' g;
msasuaerhaInea (digital watermarking) 1fumaiiansiadoyafizoninateriiag
1Y

o a9 o ) o Ay Y
VUaYIUTINAURUY TﬂEJﬂiS‘U’JLlﬂﬁﬁ]SﬁiNa”IEJL!TVI]lZJE‘T”IiJﬁﬂLi’NfJ@ﬂllﬂﬂ’c‘lflﬂﬁﬂ'iwﬂa

3 v o =

v Y v
padaa tazmatdansdudadyanandeusu MP3 sandniuaidesluadeanuuen

g 9

Y
[ [ = Y =X

[ Y [
asziindyanandssduntiviudyaandosifiaeindy duin i hdyanaudei
LY o Y o 3’ A ' 09/ S o a v W = A A @
Heaeihwdreggnihdmsomeouns arnihndensaa lldudyanondes momuanuilasans
Y g/ Y o W 9 @ o dyd Y1 9 a [ Y
Peyameinggnadudiay leslsnuuedy  minlsananguaduidudndazliaazaid)

[ a R @ 3’ 3 =} o Y Y A = 1
ganeasnulumsasrdvarerimeviva ﬂ%$f?ﬂiﬂﬁﬂG]5’Ji]i]“]Jhlﬂlfl/\lﬂﬂﬂlﬁ)uﬁﬁﬂ]’lﬂhﬂ’31hﬁu1ﬂm1

“‘_—nee

H
Av A a o"dy o 2’ £ A
NUAITEINNUNUTHIEUaNsHeatsuunlla (semi-blind watermarking) 84U
o a < = = @ a LY :I v 1 Y A
Fulsz@nsveuNiaauuuAdnIa 90N NUVINITHIA81H19ZANIAIANUTUNHINZ T
v [ Y v
Y99a191191NNITUAN AUMNYR AT Idya AN asiazANuNUMUYeIRIni 1Ay
a [ % % a ] o 4 7 ! g’
T¥msAumuuuayFalsuaa (ATS) danesiuly SNR uazmsianduius seninaten

o @ oy { @ < @ a’cu oy o w
S;?IIUQ‘]J‘Uﬂ‘lla']flu']ﬁ@]33%%U1ﬁlﬂuﬂ3%’)ﬂﬂﬂ!ﬂ’]W"’U@QL%fNLlﬁgﬂj']uﬂuw1usllﬂﬁa']ﬂu'WIHJ'GTIWU



¥ ] ¥ ot
Honsnazeud Iiiituidansiiufieuesunsoadumnihmiyuyudhimuise 1@sunasnu

musens Tuddwmsdszuanadgyonauvusnquazmsiiudauuugode

awirn Ieansninih awile¥erinfnmn w ot
A L)
Umsfinyr 2548 meileveninsomlinm Nér—




NOPPANAN SRIYINGYONG : WAVELET-BASED DIGITAL AUDIO
WATERMARKING USING ADAPTIVE TABU SEARCH. THESIS
ADVISOR : ASST. PROF. KITTI ATTAKITMONGKOL, Ph.D. 134 PP.

ISBN 974-533-553-3

AUDIO WATERMARKING/OPTIMIZATION/ADAPTIVE TABU SEARCH/

DISCRETE WAVELET TRANSFORM

Watermarking is a method that combines many fields of science together such
as telecommunication, information technology, signal processing to protect the
ownership of digital media. Since digital audio can be easily duplicated and
distributed over the Internet, the ownership verification is a critical issue to protect
digital audio from piracy.

Even though coding technique is able to protect the distribution of digital
media to some levels, there is a disadvantage using this technique because the
protection is completely lost after the media has been decoded. Thus, a more efficient
way the protect the ownership of audio signal is necessarily required.

Audio watermarking is the technique that embeds some information called
watermark into host audio signal. The process is performed in such a way that the
watermark cannot be removed by common signal processing or audio compression
technology such as MP3. Moreover, there should be no perceptual difference between
the original audio signal and watermarked signal. Thus, whenever the watermarked
signal is duplicated or distributed, the watermark is always hidden in the signal. To

increase security, we use secret key to permute the watermark. Without this secret



key, even if the piracies know the watermark detection algorithm, they can detect only
no meaningful data.

This thesis proposes a semi-blind audio watermarking algorithm in the discrete
wavelet transform domain. In the watermark embedding algorithm, we search for the
optimal intensity of watermark to trade off the quality of watermarked signal and
tobustness of watermark by using the adaptive tabu search (ATS). We use SNR and
correlation between the original and watermark signals as measurements of audio
quality and robustness of the watermark, respectively. The results show that this
algorithm produces watermark which is inaudible and robust to many signal

manipulations and lossy compression.
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< 1 09: @ 1 @ ' a \{3 [ ] { A
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Timea
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Frequency
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B Time
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510 3.2 szuunawazganuddmsumsulaaniian (MATLAB,

Computer program,2002)
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9
a o

die ki nudnlan uag () Wuwavesladduyaguluysoli L asiuliailagndl

U N G U

#(t) FhuwavesiledFuyagiurzunudie v, nanie
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mannsodfvvnaves v, 18 Tasmsnlasuvinavesnan « luauni(3.12) esmilu
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WuYAYDY ¥, N1 j a1auni Iag
V; = span, {¢k (2‘t)} = span, {¢j’k(t)} (3.15)
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f(t)=> ap't+k) (3.16)
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nouduisNIINMItowTgldesniinuautianmsdounuiudeaums (3.17)
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V,cV;, jeZ (3.18)
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ﬁ]Sﬂﬁ”I’J]lﬂflTlJigllclﬂ"‘]‘i/l3Jﬂ’J"Illﬁ3L@EJﬂq\iﬂ’J"ﬁ]Z‘JJ‘lJiﬂuﬁJVmﬂ’ﬂﬂJaglﬂfJﬂ@ﬂﬂTl

saegarenadadlugili 3.3

VviovZo vl ovo

A @ a ana ~ Il a J v
517 3.3 Mmadounuuewlsnidosiur Tasdinadailandu

Y
MINMIUWUDI V, A4
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nnRUANTAMNANMSIN (3.17) 1Az (3.20) HNEANNN @(t) €V, 170 F(t) o

Tuil3giidos 7 luvaziReriunegluilSgiides v, 820 nanuduiuidewiluaums1ade
$(t) =D h(n)W24(2t—n), nez (3.21)
n

(Y Aa Q( o w ) a a LY a a‘f Iy J o a
MaNlszans am) AvdUvIIUINITIHTOIUAN NS I N UsTa@NnTuesilantuanaas
4 9}l a o Y]
FENAUNTN (3.21) HNANAMININUATIEH AT LAUANNALIDEANTDANAT Refinement
[ [} { a o Y Q [~ 1
A1061931N 3 4.udasmnadailafFunUD Haar Faudaaldiviuin 4(2t) awnso

Mmlina ¢(t) 14 laemsanatasmsdoudms

il

o(t) = o(2t) + $(2t — 1)

o(t) = 3o(2t) + H(2t — 1) + 3p(2t — 2)

~ v a 9 [y d v a ~
E‘IJ‘V] 3.4 HeaNFuaNaduY Haar (GE)) LL@%W\‘]ﬂ%uﬁmaﬁ\?LL‘]J‘UﬁUJLWﬂEJﬂJ(sU'N)

(Burrus, Gopinath and Guo, 1998)
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V, =V, W, ®W, (3.24)
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Wuseaz@eavosilansun lannilansunnids lunsaidlunwidaos Innotiasduiszans

c(l) uaz dg k) dmlannwagauneludeauns

c(k) = ¢ (k) = (g (). 6(1)) = [ g (g(t)ct (3.32)
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¢,..(k) = c,(m)h(k—2m)+>"d, (m)h, (k — 2m) (3.35)

I'-?:r'—l- +2—F— "EJI

k4

dit—w 42 | Ay »

I

o f

-
L

¥

$2 A

Cif—w 42 e A |

! <] @ [
517 3.8 nszuaumsuasnvidadoundu 2 szau

3.1.8 AsNa Wavelet
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Haar wavelet
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Biorthogonal wavelet
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Coiflets wavelet
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Daubechies wavelet
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Maxican Hat wavelet
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Meyer wavelet
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Morlet wavelet
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Symlets wavelet
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A5 19N 5.1 HANMTNATOUNVINAAINA classic

Beautiful . . Romance for

Blue Hungarian | Marriage of | ) ' ioht | Violin &

Danube Dances Figaro Orchestra
No attack 1 1 1 1 1
Downsampling 0.9983 1 1 1 1
LPF 0.9966 1 1 1 1
Random noise 1 1 1 0.9983 1
Gaussian noise 1 1 1 0.9983 1
Denoise-DWT 0.9983 1 1 1 1
MP3: 128 kbps 1 1 1 1 1
MP3: 56 kbps 1 1 1 0.9983 1
Jittering 0.9966 1 1 1 1
Crop (5% 100) 0.9950 1 0.9966 1 1
Crop (10x100) 0.9950 0.9966 0.9950 0.9966 1
Crop (10x500) 0.9815 0.9831 0.9815 0.9815 0.9831
Crop (10x 1000) 0.9640 0.9662 0.9662 0.9693 0.9693




MTNN 5.2 KAMINATOLAVINAIAING jazz

Beauty in Shade of Till T getit | I could wait
Squeeze me
me pain right a book
No attack 1 1 1 1 1
Downsampling 0.9983 1 1 1 1
LPF 1 0.9966 1 1 1
Random noise 1 0.9966 1 0.9966 0.9983
Gaussian noise 0.9983 0.9966 1 1 0.9983
Denoise-DWT 1 1 1 1 1
MP3: 128 kbps 0.9983 1 1 0.9983 1
MP3: 56 kbps 0.9983 0.9966 0.9933 0.9983 1
Jittering 1 0.9983 1 0.9983 1
Crop (5x100) 0.9950 1 0.9966 1 1
Crop (10x100) 0.9950 0.9966 0.9950 0.9966 1
Crop (10x500) 0.9815 0.9831 0.9815 0.9815 0.9831
Crop (10x 1000) 0.9640 0.9662 0.9662 0.9693 0.9693
ﬂﬁ']\‘]ﬁ 5.3 HANINATOUNLLNAIAING pop
Where is the
Vincent White flag Sunrise Sometime
love

No attack 1 1 1 1 1
Downsampling 0.9983 1 1 0.9983 1
LPF 1 0.9966 1 1 1
Random noise 0.9983 0.9950 1 1 1
Gaussian noise 0.9983 0.9950 1 1 1
Denoise-DWT 1 1 1 1 1
MP3: 128 kbps 1 1 1 1 1
MP3: 56 kbps 1 1 0.9883 1 0.9899
Jittering 0.9983 1 1 1 1
Crop (5% 100) 0.9983 1 0.9966 0.9983 0.9966
Crop (10x100) 0.9966 0.9983 0.9950 0.9983 0.9933
Crop (10x500) 0.9865 0.9815 0.9730 0.9797 0.9815
Crop (10x 1000) 0.9605 0.9675 0.9623 0.9744 0.9710




A5 5.4 Namimﬁauﬁmwaﬂwmﬁu

) I MmN o g .
UMHny ¢ IW‘ﬁﬁ@]’J UNvY
wszayns | dszand
No attack 1 1 1 1 1
Downsampling 1 1 0.9983 1 1
LPF 0.9983 1 1 1 1
Random noise 0.9883 0.9966 0.9950 0.9966 0.9966
Gaussian noise 0.9933 0.9983 1 0.9966 1
Denoise-DWT 1 1 1 1 1
MP3: 128 kbps 1 1 0.9983 1 1
MP3: 56 kbps 1 1 0.9966 1 0.9983
Jittering 0.9950 0.9983 0.9983 0.9983 1
Crop (5x100) 0.9983 1 0.9966 0.9983 1
Crop (10x100) 1 1 0.9983 0.9983 0.9983
Crop (10x500) 0.9883 0.9883 0.9916 0.9916 0.9848
Crop (10x 1000) 0.9710 0.9662 0.9710 0.9730 0.9662
ﬂ?ﬁ']\‘]ﬁ 5.5 wamimﬁauﬁ’mwaﬂﬂﬂqummm‘f
L, . GEH 3 iy lon
IUANINN NINUAUA : AATIN
o Y
No attack 1 1 1 1 1
Downsampling 1 1 1 1 1
LPF 1 1 1 0.9966 0.9983
Random noise 1 1 1 1 1
Gaussian noise 1 0.9983 1 1 1
Denoise-DWT 1 1 1 1 1
MP3: 128 kbps 1 1 1 1 1
MP3: 56 kbps 0.9966 0.9950 0.9983 0.9916 0.9983
Jittering 0.9983 1 1 1 1
Crop (5% 100) 1 0.9983 0.9950 0.9983 0.9983
Crop (10x100) 0.9966 0.9950 1 0.9950 1
Crop (10x500) 0.9782 0.9865 0.9762 0.9815 0.9831
Crop (10x 1000) 0.9675 0.9640 0.9710 0.9710 0.9623




A13199 5.6 wamsnadeUnUmMal Inggnija

wites lny gnan v - . AUNNLN g

. , a319u | anilalug y

AUA VYOUUAY ANUNAY
No attack 1 1 1 1 1
Downsampling 1 0.9983 1 0.9983 1
LPF 1 0.9966 0.9983 0.9983 1
Random noise 1 0.9950 0.9983 0.9966 0.9882
Gaussian noise 1 0.9983 0.9983 0.9950 0.9950
Denoise-DWT 1 1 1 1 1
MP3: 128 kbps 1 0.9983 1 0.9983 0.9983
MP3: 56 kbps 1 0.9950 1 0.9950 0.9966
Jittering 1 0.9983 1 0.9983 0.9983
Crop (5% 100) 0.9983 1 1 1 1
Crop (10x100) 0.9966 0.9983 0.9983 0.9933 0.9983
Crop (10x500) 0.9797 0.9933 0.9865 0.9848 0.9815
Crop (10x 1000) 0.9710 0.9710 0.9693 0.9710 0.9605
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a a J YY) a d' Y v a
INNUNUT (ATS) DUdanI NN 3tiaun luanuRanan (ECC)
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A1519% 5.7 wamsiseunenlumas Till T get it right

ATS ECC
No attack 1 1
Downsampling 1 1
LPF 1 0.9693
Random noise 1 1
Gaussian noise 1 0.9693
Denoise-DWT 1 1
MP3: 128 kbps 1 1
MP3: 56 kbps 1 1
Jittering 1 0.9950
Crop (5% 100) 1 1
Crop (10x 100) 1 1
Crop (10x500) 0.9882 1
Crop (10x1000) 0.9730 0.9933
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ATS

ECC

No attack

Downsampling

LPF

0.9966

Random noise

Gaussian noise

0.9605

Denoise-DWT

MP3: 128 kbps

0.9134

MP3: 56 kbps

0.9134

Jittering

0.9950

Crop (5x100)

Crop (10x 100)

Crop (10x500)

0.9831

Crop (10x1000)

0.9797

0.9933
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ATS

ECC

No attack

Downsampling

LPF

Random noise

Gaussian noise

Denoise-DWT

MP3: 128 kbps

0.9950

MP3: 56 kbps

0.9950

Jittering

Crop (5% 100)

Crop (10x100)

Crop (10x500)

0.9950

Crop (10x1000)

0.9848
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M54 5.10 samsFeuneuduaudandanaialumas Till T get it right

i
ATS ECC

ECC
No attack 0 2 0
Downsampling 0 3 0
LPF 0 93 18
Random noise 0 46 0
Gaussian noise 0 83 18
Denoise-DWT 0 0 0
MP3: 128 kbps 0 2 0
MP3: 56 kbps 0 2 0
Jittering 0 52 3
Crop (5% 100) 0 7 0
Crop (10x100) 0 13 0
Crop (10x500) 7 28 0
Crop (10%1000) 16 53 4

a3 5.11 wamanfSeufeuimaudafinawaialumas Sunrise
T4
ATS ECC

ECC
No attack 0 1 0
Downsampling 0 22 0
LPF 0 79 2
Random noise 0 46 0
Gaussian noise 0 89 23
Denoise-DWT 0 0 0
MP3: 128 kbps 0 141 51
MP3: 56 kbps 7 141 51
Jittering 0 36 3
Crop (5% 100) 0 5 0
Crop (10%x100) 0 7 0
Crop (10x500) 10 28 0
Crop (10x 1000) 12 50 4
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A1T1NN 5.12 Naﬂmﬂiﬂumaummumwwwwamimwmﬂammlm%

i
ATS ECC

ECC
No attack 0 0 0
Downsampling 0 7 0
LPF 0 41 1
Random noise 0 8 0
Gaussian noise 0 23 0
Denoise-DWT 0 0 0
MP3: 128 kbps 0 40 3
MP3: 56 kbps 0 40 3
Jittering 0 15 0
Crop (5% 100) 0 3 0
Crop (10x100) 0 7 0
Crop (10x500) 3 22 0
Crop (10%1000) 9 46 0
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INONANA classic

I. ¥e1Waq THE BEAUTIFUL BLUE DANUBE 1a® Strauss Johann Jr §8170 The Best of Semi
Classics Vol.I 1319043¥ANT APS Intermusic Co., Ltd. Tiinan luszy

2. ¥01Way HUNGARIAN DANCES NO.5 IN F SHARP MAJOR 198 Brahms $ai71s The Best of
Semi Classics Vol.1 1319838UANS APS Intermusic Co., Ltd. Tliinda liiszy
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INNTNA jazz

4
a A

1. ¥ounada BEAUTY IN ME 1ag Mark Hodggins 8@1/4 Jazz in The Park 3 1919048vaN5

Metro Records-Taps (1981) CO., LTD. Tiiwaa luiszy

4
a A

2. ¥0NAa3 SHADE OF PAIN 1a® Mark Hodggins 8011 Jazz in The Park 3 (1319098 UANT

Metro Records-Taps (1981) CO., LTD. Twaa luiszy

4
a A

3. ¥ouwad ‘TILL I GET IT RIGHT 1@0 Kirk Whalum 9a1il Romantic Jazz 1319038va@n5
Sony Music Ynan a.¢1. 1999
4. ¥o1Was I COULD WRITE A BOOK 1ag Betty Carter&Ray Bryant 8a1iy Romantic Jazz 131

VOIRVANG Sony Music UYnwan n.9. 1999



5. Fornag SQUEEZE ME Tag  Louis Armstrong 821iy Romantic Jazz 191v09avaANT Sony

Music UNHAA A7, 1999

WeR@Na pop

1. Homaa VINCENT Tao Don Mclean 8aiiy Country Special hits Bhuosdvans APS
INTERMUSIC CO., LTD. Tiinda a5z

2. o1Was WHITE FLAG 190 Dido 8817y Super fresh 13190389ANS Sony Music Tiinan a.f.
2003
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% Audio Watermarking Algorithm : Embedding

% Author: Noppanan Sriyingyong

% Issue Date: Dec.2005

e et

clear,close all,clc, tic

[y,Fs1,bitl] = wavread('6.Romance Violin 30s44.wav') ;
y1=rot90(y(:,1),1);

syl=length(y1);

wavwrite(y1,Fs1,bitl,'original');

% international music

% 1.blue danube(or) 30s44.wav 2.Hungarian Dance 05(or) 30s44.wav

% 4.Marriage of figaro(or) 30s44.wav 5.Moonlight 30s44.wav 6.Romance Violin 30s44.wav
% 8.Dido_30s44.wav 1.simply red 30s.wav 2.girl2.wav

% 3.Where is the love 30s.wav 4.Vincent 30s44.wav

% Beauty in me 30s.wav Shade of pain 30s.wav Squeeze me 30s3.wav

% I could write a book 30s2.wav Till i get it right 30s.wav

% thai music

% Mike 30s44.wav Sweet paradise 30s. WAV 16 30s.wav

% GOT 30s.wav Maekhog girl 30s.wav

% MAHA RUERK 30s.wav VIVA PRASAMUT 30s.wav TAEVA PRASIT 30s.wav
% PHO DHI SAT 30s.wav MAHA CHAI 30s.wav

% Kite wind 30s. WAV Fate 30s.WAYV Bougainvillaea floor02 30s. WAV

% Cast off 30s. WAV Tui 30s. WAV



alpha=[];
p=imread('sut25.jpg");
pic=double(im2bw(p));
[row,col]=size(pic);
ve=reshape(pic,1,row*col);
rand('state',16);

wp=randperm(row*col);
for i=1:1:row*col
v(i)=ve(wp(i));

end

for i=1:1:length(v)

if v(i)==
w(i)=1;
else
w(i)=-1;
end
end

level=5;wv='db4";

[C,L] = wavedec(yl,level,wv);
ca5 = appcoef(C,L,wv,level);
[cdl,cd2,cd3,cd4,cd5]=detcoef(C,L,[1,2,3,4,5]);

sc=length(ca5);
seg=row*col;

seg_w =fix(sc/seg);

rand('state',28);

cp=randperm(seg);



ca_reshape=reshape(ca5(1:seg*seg w),seg w,seg);

ca_reshape=ca reshape';

for i=1:1:seg
ca(i,:)=ca_reshape(cp(i),);

end

for i=1:1:seg
mean_ca(i)=mean(ca(i,:));
¢_mean(i,:)=ca(i,:)-mean_ca(i);
if abs(mean_ca(i))<.001
caw(i,:)=c_mean(i,:)+(w(i)*alpha(1)*abs(mean_ca(i)));
else if abs(mean_ca(i))< .005
caw(i,:)=c_mean(i,:)+(w(i)*alpha(2)*abs(mean_ca(i)));
else if abs(mean_ca(i))< .01
caw(i,:)=c_mean(i,:)+(w(i)*alpha(3)*abs(mean_ca(i)));
else
caw(i,:)=c_mean(i,:)+(w(i)*1*abs(mean_ca(i)));
end
end
end

end

for i=1:1:seg
¢ new(cp(i),:)=caw(i,:);

end

¢_new=reshape(c_new',1,seg_ w*seg);
c_new((seg*seg w)+1:sc)=ca5((seg*seg w)+1:sc);
Cnew = [¢_new cd5 cd4 cd3 cd2 cdl];

audio = waverec(Cnew,L,wv);
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wavwrite(audio,Fs1,bit],'music_emb"); toc

v Y
auTsunsunanildasraduarerininms Tayduuuaian

T PR
% Audio Watermarking Algorithm : Detection

% Author: Noppanan Sriyingyong

% Issue Date: Dec.2005
TS
%1) Original

[y2,Fs2,bit2] = wavread('music_emb.wav');

audiox=rot90(y2(:,1),1);

[Cx,Lx] = wavedec(audiox,level,wv);
cax5 = appcoef(Cx,Lx,wv,level);
cax_reshape = reshape(cax5(1:seg*seg w),seg_w,seg);

cax_reshape = cax_reshape';

fori=1:1:seg
caw(i,:)=cax_reshape(cp(i),:);
if sign(mean(caw(i,:)))>0
noisecode(i)=1;
else
noisecode(i)=0;
end

end

SIM = sum(noisecode.*v)/((sqrt(sum(noisecode.”2)))*(sqrt(sum(v.*2))));

% 2) Resampling

[y2,Fs2,bit2] = wavread('music_emb PCM_PCM.wav');



audiox=rot90(y2(:,1),1);

audiox=audiox(6:max(size(audiox)));

[Cx,Lx] = wavedec(audiox,level,wv);
cax5 = appcoef(Cx,Lx,wv,level);
cax_reshape = reshape(cax5(1:seg*seg w),seg w,seg);

cax_reshape = cax_reshape';

for i=1:1:seg
caw(i,:)=cax_reshape(cp(i),:);
if sign(mean(caw(i,:)))>0
noisecode(i)=1;
else
noisecode(i)=0;
end

end

SIM = sum(noisecode.*v)/sqrt(sum(noisecode.”2)*sum(v.*2))

% 3) LPF

[y2,Fs2,bit2] = wavread('music_emb') ;
y2=rot90(y2(:,1),1);

[b,a] = butter(6,6000/(Fs2/2));

audiox=filter(b,a,y2);

[Cx,Lx] = wavedec(audiox,level,wv);
cax5 = appcoef(Cx,Lx,wv,level);
cax_reshape = reshape(cax5(1:seg*seg_w),seg_w,seg);

cax_reshape = cax_reshape';

for i=1:1:seg

b
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caw(i,:)=cax_reshape(cp(i),:);
if sign(mean(caw(i,:)))>0
noisecode(i)=1;
else
noisecode(i)=0;
end

end

wavwrite(audio,Fs1,bit1,'music_LPF");

SIM = sum(noisecode.*v)/sqrt(sum(noisecode.”2)*sum(v.*2));

% 4) Random noise

[y2,Fs2,bit2] = wavread('music_emb') ;
y2=r0t90(y2,1);

noise=rand(1,syl);
noise2=sqrt(0.01*sum(y2.”2)/sum(noise.”2))*noise;

audiox=(y2-+noise2);

[Cx,Lx] = wavedec(audiox,level,wv);

[thr,sorh,keepapp]= ddencmp('den’,'wv',audiox);

audiox = wdencmp('gbl',Cx,Lx,wv,level,thr,sorh,keepapp);
[Cx,Lx] = wavedec(audiox,level,wv);

cax5 = appcoef(Cx,Lx,wv,level);

cax5 = cax5-mean(cax5);

cax_reshape = reshape(cax5(1:seg*seg w),seg w,seg);

cax_reshape = cax_reshape';

for i=1:1:seg
caw(i,:)=cax_reshape(cp(i),:);
if sign(mean(caw(i,:)))>0

noisecode(i)=1;
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else
noisecode(i)=0;
end

end

wavwrite(audio,Fs1,bit],'music_random');

SIM = sum(noisecode.*v)/sqrt(sum(noisecode.”2)*sum(v.*2));

% 5) Gaussian white noise

[y2,Fs2,bit2] = wavread('music_emb');

y2=rot90(y2,1);

for adj=1:1:20
audiox=awgn(y2,adj+29);
ratio_noise(adj)=sum((audiox-y2).”2)/sum(y2."2);
error_ratio(adj)=abs(.01-ratio_noise(adj));

end

[mag,pos]=min(error_ratio);

audiox=awgn(y2,pos+29);

[Cx,Lx] = wavedec(audiox,level,wv);
cax5 = appcoef(Cx,Lx,wv,level);
cax_reshape = reshape(cax5(1:seg*seg w),seg_w,seg);

cax_reshape = cax_reshape';

for i=1:1:seg
caw(i,:)=cax_reshape(cp(i),:);
if sign(mean(caw(i,:)))>0
noisecode(i)=1;
else
noisecode(i)=0;

end



end

wavwrite(audio,Fs1,bit]l,'music_awgn');

SIM = sum(noisecode.*v)/sqrt(sum(noisecode.”2)*sum(v.*2));

% 6) DWT
[y2,Fs2,bit2] = wavread('music_emb.wav');

audiox=rot90(y2(:,1),1);

[Cx,Lx] = wavedec(audiox,level,wv);
[thr,sorh,keepapp]= ddencmp('den’,'wv',audiox);

audiox = wdencmp('gbl',Cx,Lx,wv,level,thr,sorh,keepapp);

[Cx,Lx] = wavedec(audiox,level,wv);
cax5 = appcoef(Cx,Lx,wv,level);
cax_reshape = reshape(cax5(1:seg*seg w),seg_w,seg);

cax_reshape = cax_reshape';

fori=1:1:seg
caw(i,:)=cax_reshape(cp(i),:);
if sign(mean(caw(i,:)))>0
noisecode(i)=1;
else
noisecode(i)=0;
end

end

wavwrite(audio,Fs1,bit1,'music_dwt');

SIM = sum(noisecode.*v)/sqrt(sum(noisecode.”2)*sum(v.*2));

%7) MP3
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[y2,Fs2,bit2] = wavread('music_emb 56 PCM.wav') ;
audiox=rot90(y2(:,1),1);

audiox=audiox(1106:max(size(audiox)));

[Cx,Lx] = wavedec(audiox,level,wv);
cax5 = appcoef(Cx,Lx,wv,level);
cax_reshape = reshape(cax5(1:seg*seg w),seg w,seg);

cax_reshape = cax_reshape';

for i=1:1:seg
caw(i,:)=cax_reshape(cp(i),:);
if sign(mean(caw(i,:)))>0
noisecode(i)=1;
else
noisecode(i)=0;
end

end

SIM = sum(noisecode.*v)/sqrt(sum(noisecode.”2)*sum(v.*2));

% 8) Jitter
[y2,Fs2,bit2] = wavread('music_emb') ;
audiox=rot90(y2(:,1),1);
sy2=length(audiox);
for i=1:1:fix(sy2/100)
pos = randint(1,1,[1,100]);
audiox((100*(i-1))+pos)=0;

end

[Cx,Lx] = wavedec(audiox,level,wv);

cax5 = appcoef(Cx,Lx,wv,level);
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cax_reshape = reshape(cax5(1:seg*seg w),seg_w,seg);

cax_reshape = cax_reshape';

for i=1:1:seg
caw(i,:)=cax_reshape(cp(i),:);
if sign(mean(caw(i,:)))>0
noisecode(i)=1;
else
noisecode(i)=0;
end

end

wavwrite(audio,Fs1,bit1,'music_jitter');

SIM = sum(noisecode.*v)/sqrt(sum(noisecode.”2)*sum(v.*2));

% 9) Crop

[y2,Fs2,bit2] = wavread('music_emb');
y2=rot90(y2(:,1),1);

sy2=length(y2);

rand_pos=5;

rand_samp=500;

pos = randint(1,rand pos,[1,fix(sy2/rand samp)]);

for i=1:1:rand_pos

y2((pos(i)*rand_samp)-(rand_samp-1):(pos(i)*rand samp))=0;

end

audiox=y2;

[Cx,Lx] = wavedec(audiox,level,wv);
cax5 = appcoef(Cx,Lx,wv,level);
cax_reshape = reshape(cax5(1:seg*seg_w),seg_w,seg);

cax_reshape = cax_reshape';
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for i=1:1:seg
caw(i,:)=cax_reshape(cp(i),:);
if sign(mean(caw(i,:)))>0
noisecode(i)=1;
else
noisecode(i)=0;
end

end

wavwrite(audio,Fs1,bit1,'music_5 500";

SIM = sum(noisecode.*v)/sqrt(sum(noisecode.”2)*sum(v.*2));

dauTdsunsunanmsaunmuuadaliua,

et
% Audio Watermarking Algorithm : ATS

% Author: Noppanan Sriyingyong

% Issue Date: Dec.2005

et e

clear,close all,clc,tic

[y,Fs1,bitl] = wavread('6.Romance Violin 30s44.wav ');
y1=rot90(y(:,1),1);

syl=length(y1);

p=imread('sut25.jpg");
pic=double(im2bw(p));
[row,col]=size(pic);
ve=reshape(pic,1,row*col);
rand('state’,16);

wp=randperm(row*col);
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for i=1:1:row*col
v(i)=ve(wp(i));

end

for i=1:1:length(v)

if v(i)==
w(i)=1;
else
w(i)=-1;
end
end

level=5;wv='db4";

[C,L] = wavedec(yl,level,wv);
ca5 = appcoef(C,L,wv,level);
[cd1,cd2,cd3,cd4,cd5]=detcoef(C,L,[1,2,3,4,5]);

sc=length(ca5);seg=row*col;

seg_w =fix(sc/seg);

rand('state',28);cp=randperm(seg);
ca_reshape=reshape(ca5(1:seg*seg w),seg w,seg);

ca_reshape=ca reshape';

for i=1:1:seg
ca(i,:)=ca_reshape(cp(i),:);

end

for i=1:1:seg
mean_ca(i)=mean(ca(i,:));

¢_mean(i,:)=ca(i,:)-mean_ca(i);
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cax(i,:)=c_mean(i,:)+(w(i)*abs(mean_ca(i)));

end

for i=1:1:seg
¢ new(cp(i),:)=cax(i,:);

end

¢_new=reshape(c_new',1,seg w*seg);
c_new((seg*seg w)+1:sc)=ca5((seg*seg w)+1:sc);
Cnew = [¢_new cd5 cd4 cd3 cd2 cdl];

audio = waverec(Cnew,L,wv);

Audio_snr= 10*log10(sum(y1.72)/sum((y1-audio)."2));

% Start TABU

max_error=1e-5;
N=1;snr_thre=23;
x11limit=[1;10];
x2limit=[1;10];
x3limit=[1;10];
for r=1:300
S(r,1)=((x11imit(2)-x11limit(1)).*rand(1,N))+x 11imit(1);
S(r,2)=((x21limit(2)-x2limit(1)).*rand(1,N))+x2limit(1);
S(r,3)=((x31imit(2)-x31limit(1)).*rand(1,N))+x31imit(1);
while S(r,1)<S(r,2) | S(r,2)<S(r,3) | S(r,1)<S(r,3)
S(r,1)=((x11imit(2)-x11limit(1)).*rand(1,N))+x 11imit(1);
S(r,2)=((x21imit(2)-x2limit(1)).*rand(1,N))+x21limit(1);
S(r,3)=((x31imit(2)-x31limit(1)).*rand(1,N))+x3limit(1);
end

end
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format long;

for k=1:size(S,1)
error=0bj_2D23(S(k,1),S(k,2),S(k,3),snr_thre,mean_ca,ca5,c_mean,seg,seg_w,w,v,wv,cd5,cd4,c
d3,cd2,cdl1,L,yl,cp,sc);%cal 5 value from early step then keep value

errorvalue(k, 1 )=error;k

end

[best_error,index]=min(errorvalue);
S0=S(index,:);

max_count=100;
best_neighbor=S0;

radius=0.25;f radius=radius;

overall best error=best error;
overall neighbor=best neighbor;
n=0;

t=0;

tt=0;

count=0;

n_back tracking=0;

t=t+1;

tt=tt+1;

local(t,1)=count;
local(t,2:4)=best_neighbor;

local(t,5)=best_error;

tabu_list(tt,1)=count;
tabu_list(tt,2:4)=best neighbor;

tabu_list(tt,5)=best_error;



ttt=1;
best_error_list(ttt,1)=count;
best_error_list(ttt,2:4)=best neighbor;

best _error_list(ttt,5)=best_error;

if 2*best_error<=max_error
radius=f radius*1e-5;fprintf('adapO\n')
else if 2*best_error<=1e-4
radius=f radius*1e-4;fprintf('adap1\n')
else if 2*best_error<=1e-3
radius=f radius*1e-3;fprintf('adap2\n")
else if 2*best_error<=1le-2
radius=f radius*1e-2;fprintf('adap3\n')
else if 2*best_error<=1le-1
radius=f radius*1e-1;fprintf('adap4\n')
end
end
end
end

end

disp([best_error_list])

% Loop Start

display(' Loop Start ");

for count=1:max_count

Number neighb=20;

S1=random_neigh2D23(Number neighb,radius,x 1limit,x2limit,x3limit,S0);
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[best_errorl,best neighborl,best error,best neighbor]=Objective 2D23(S1,best_error,best nei

ghbor,snr_thre,mean_ca,ca5,c_mean,seg,seg_w,w,v,wv,cd5,cd4,cd3,cd2,cdl,L,yl,cp,sc);

tt=tt+1;
tabu_list(tt,1)=count;
tabu_list(tt,2:4)=best _neighborl;

tabu_list(tt,5)=best_errorl;

ttt= tet+1;
best_error_list(ttt,1)=count;
best_error_list(ttt,2:4)=best neighbor;

best_error_list(ttt,5)=best_error;

disp([count best_neighborl best_error]*2])

if (2*best_error<max_error)
fprintf('best_error<max_error\n');
t=t+1;

tt=tt+1;

local(t,1)=count;
local(t,2:4)=best_neighbor;
local(t,5)=best _error;

break;

end

if 2*best_errorl<=max_error
radius=f radius*1e-5;fprintf('adapO\n')
else if 2*best_errorl<=le-4
radius=f radius*1e-4;fprintf('adap1\n')
else if 2*best_errorl<=1e-3

radius=f radius*1e-3;fprintf('adap2\n')



else if 2*best_errorl<=le-2
radius=f radius*1e-2;fprintf('adap3\n’)
else if 2*best_errorl<=le-1
radius=f radius*1e-1;fprintf('adap4\n’)
end
end
end
end

end

% Back_tracking

if (best_errorl-best_error)>1e-18
n=n+1;

else

n=0;

if count>3
if n>=3
disp('Back tracking');
n_back tracking=n_back tracking+1;

TEMP=tabu_list(count-3:count+1,:);

[MAX,INDEX] = max(TEMP(:,5));
RANK(5,:) = TEMP(INDEX,));

TEMP(INDEX,4)= 0;

[MAX,INDEX] = max(TEMP(:,5));
RANK(5,:)) =TEMP(INDEX,);

TEMP(INDEX,4)= 0;
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[MAX,INDEX] = max(TEMP(:,5));
RANK(4,:)) =TEMP(INDEX,);
TEMP(INDEX,4)= 0;

[MAX,INDEX] = max(TEMP(:,5));
RANK(3,:) =TEMP(INDEX,:);

TEMP(INDEX,4)= 0;

[MAX,INDEX] = max(TEMP(:,5));
RANK(2,;) =TEMP(INDEX.:);

TEMP(INDEX,4)= 0;

[MAX,INDEX] = max(TEMP(:,5));
RANK(1,:) =TEMP(INDEX,:);

TEMP(INDEX,4)= 0;

neighbor=RANK(5,2:4);

SO=neighbor;

if best_error<overall best error
overall best error=best error;

overall best neighbor=best neighbor;

t=t+1;
local(t,1)=count;
local(t,2:4)=best_neighbor;

local(t,5)=best_error;

end

91



best_error=RANK(5,4);
n=0;
else
SO=best_neighbor;
best_error=best_error;
end

end

end

if overall best error<best error
best _error=overall best_error;
best neighbor=overall best neighbor;

end

alpha=[best_neighbor];

for i=1:1:seg
if abs(mean_ca(i))< .001
cax2(i,:)=c_mean(i,:)+(w(i)*alpha(1)*abs(mean_ca(i)));
else if abs(mean_ca(i))< .005
cax2(i,:)=c_mean(i,:)+(w(i)*alpha(2)*abs(mean_ca(i)));
else if abs(mean_ca(i))< .01
cax2(i,:)=c_mean(i,:)*+(w(i)*alpha(3)*abs(mean_ca(i)));
else
cax2(i,:)=c_mean(i,:)*+(w(i)*1*abs(mean_ca(i)));
end
end
end

end
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for i=1:1:seg
¢ new2(cp(i),:)=cax2(i,:);

end

¢ new=reshape(c_new2',1,seg w*seg);

¢ new((seg*seg w)+1:sc)=ca5((seg*seg w)+1:sc);
Cnew = [c¢_new cd5 cd4 cd3 cd2 cdl];

sound = waverec(Cnew,L,wv);
wavwrite(sound,Fs1,bitl,'music_emb');

ERR(1,1)= 10*log10(sum(y1.72)/sum((y1-sound).”2));

[y2,Fs2,bit2] = wavread('music_emb.wav') ;
audiox=rot90(y2(:,1),1);

[Cx,Lx] = wavedec(audiox,level,wv);

cax5 = appcoef(Cx,Lx,wv,level);
cax_reshape=reshape(cax5(1:seg*seg w),seg w,seg);

cax_reshape=cax_reshape';

fori=1:1:seg
caw(i,:)=cax_reshape(cp(i),:);
if sign(mean(caw(i,:)))>0
noisecode(i)=1;
else
noisecode(i)=0;
end
end

end

ERR(1,2)= sum(noisecode.*v)/((sqrt(sum(noisecode.”2)))*(sqrt(sum(v.*2))));

openvar('ERR');
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% Audio Watermarking Algorithm : random_neigh2D23/ATS

% Author: Noppanan Sriyingyong

% Issue Date: Dec.2005
TS

function Sl=random neigh2D23(Number neighb,radius,x 11imit,x2limit,x31imit,S0)

for n=1:Number_neighb

S1(n,1)=S0(1,1)+(radius*abs(x1limit(2)-x11imit(1))*rand1(-1,1));
S1(n,2)=S0(1,2)+(radius*abs(x2limit(2)-x2limit(1))*rand1(-1,1));
S1(n,3)=S0(1,3)+(radius*abs(x3limit(2)-x3limit(1))*rand1(-1,1));

while S1(n,1)<x1limit(1) | S1(n,1)>x1limit(2) |...
S1(n,2)<x2limit(1) | S1(n,2)>x2limit(2) |...
S1(n,3)<x3limit(1) | S1(n,3)>x3limit(2)
S1(n,1)=S0(1,1)+(radius*abs(x11imit(2)-x 11imit(1))*rand1(-1,1));
S1(n,2)=S0(1,2)+(radius*abs(x2limit(2)-x2limit(1))*rand1(-1,1));
S1(n,3)=S0(1,3)+(radius*abs(x3limit(2)-x3limit(1))*rand1(-1,1));

end
end
e
% Audio Watermarking Algorithm : Obj 2D23/ATS
% Author: Noppanan Sriyingyong
% Issue Date: Dec.2005



function [error] = Obj 2D23(x1,x2,x3,snr_thre,mean_ca,ca5,c_mean,seg,seg_w,w,v,wv,

cd5,cd4,cd3,cd2,cdl,L,yl,cp,sc)

for i=1:1:seg
if abs(mean_ca(i))<.001
cax(i,-)=c_mean(i,:)+(w(i)*x1*abs(mean_ca(i)));
else if abs(mean_ca(i))< .005
cax(i,-)=c_mean(i,:)+(w(i)*x2*abs(mean_ca(i)));
else if abs(mean_ca(i))< .01
cax(i,:)=¢_mean(i,:)*+(w(i)*x3*abs(mean_ca(i)));
else
cax(i,:)=c_mean(i,:)*+(w(i)*1*abs(mean_ca(i)));
end
end
end

end

for i=1:1:seg
c(ep(i),))=cax(i,:);

end

c=reshape(c',1,seg_w*seg);

c((seg*seg w)+1:sc)=ca5((seg*seg w)+1:sc);
Cnew = [c cd5 cd4 c¢d3 cd2 cdl];

sound = waverec(Cnew,L,wv);

wavwrite(sound,44100,16,'sound _emb');

[s2] = wavread('sound _emb.wav');audiox=rot90(s2(:,1),1);
[Cx,Lx] = wavedec(sound,5,wv);
cax5 = appcoef(Cx,Lx,wv,5);

cax_reshape=reshape(cax5(1:seg*seg w),seg_w,seg);

95



96

cax_reshape=cax_reshape';

for i=1:1:seg
caw(i,:)=cax_reshape(cp(i),:);
if sign(mean(caw(i,:)))>0
watermark(i)=1;
else
watermark(i)=0;
end

end

snr= 10*log10(sum(y1./2)/sum((y1-sound).*2));

sim= sum(watermark.*v)/((sqrt(sum(watermark.”2)))*(sqrt(sum(v.*2))));
error_snr=abs(snr_thre-snr);

error_sim=abs(1-sim);

error=(0.5*error_snr)+(0.5*error_sim);

T PR
% Audio Watermarking Algorithm : Objective 2D23/ATS

% Author: Noppanan Sriyingyong

% Issue Date: Dec.2005

T PR

function [best_errorl,best neighborl,best error,best neighbor]=Objective 2D23(S1,
best_error,best_neighbor,snr_thre,mean_ca,ca5,c_mean,seg,seg w,w,v,wv,cd5,cd4,cd3,cd2,cdl,L

,yl,cp,sc)

error=[];

for k=1:size(S1,1)

for i=1:1:seg
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if abs(mean_ca(i))< .001
cax2(i,:)=c_mean(i,:)+(w(i)*S1(k,1)*abs(mean_ca(i)));
else if abs(mean_ca(i))< .005
cax2(i,:)=c_mean(i,:)+(w(i)*S1(k,2)*abs(mean_ca(i)));
else if abs(mean_ca(i))< .01
cax2(i,:)=c_mean(i,:))+(w(i)*S1(k,3)*abs(mean_ca(i)));
else
cax2(i,:)=c_mean(i,:)*+(w(i)*1*abs(mean_ca(i)));
end
end
end

end

c=zeros(625,66);

fori=1:1:seg
c(ep(i),:)=cax2(i,:);

end

c=reshape(c',1,seg_w*seg);

c((seg*seg w)+1:sc)=ca5((seg*seg w)+1:s¢c);
Cnew = [c c¢d5 cd4 cd3 cd2 cdl];

sound = waverec(Cnew,L,wv);

wavwrite(sound,44100,16,'sound _emb');

[s2] = wavread('sound emb.wav');audiox=rot90(s2(:,1),1);
[Cx,Lx] = wavedec(sound,5,wv);

cax5 = appcoef(Cx,Lx,wv,5);
cax_reshape=reshape(cax5(1:seg*seg w),seg_w,seg);

cax_reshape=cax_reshape';



fori=1:1:seg
caw(i,:)=cax_reshape(cp(i),:);
if sign(mean(caw(i,:)))>0
watermark(i)=1;
else
watermark(i)=0;
end

end

snr=10*log10(sum(y1./2)/sum((y1-sound)."2));

sim= sum(watermark.*v)/((sqrt(sum(watermark.”2)))*(sqrt(sum(v.~2))));
error_snr=abs(snr_thre-snr);

error_sim=abs(1-sim);

error2(k,1)=(0.5*error_snr)+(0.5*error_sim);

end

[best_errorl,index]=min(error2);

best_neighbor1=S1(index,:);

if best_errorl<best_error

best_error=best_errorl;

best neighbor=best neighborl;

else

end
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% Audio Watermarking Algorithm : Embedding, error correction code

% Author: Noppanan Sriyingyong

% Issue Date: Dec.2005

e et e

clear,close all,clc

[y,Fs1,bitl] = wavread(MAHA CHAI 30s.wav") ;
yl1=rot90(y(:,1),1);
syl=length(y1);

wavwrite(y1,Fs1,bitl,'original');

p=imread('sut25.jpg";
pig=double(im2bw(p));
[row,col]=size(pig);

ve=reshape(pig,1,row*col);

rand('state’,16);

wp=randperm(row*col);

for i=1:1:row*col
v(i)=ve(wp(@);

end

count=5;
wv='db4';
n=15;
k=5;



t=3;
msg=reshape(v,row*col/k,k);
code = encode(msg,n,k,'cyclic');
[row_c,col c]=size(code);

wb=reshape(code,1,row c*col c¢);

for i=1:1:length(wb)

if wb(i)==
w(i)=1;
else
w(i)=-1;
end
end

[C,L] = wavedec(y1,count,wv);
ca5 = appcoef(C,L,wv,count);

[cdl,cd2,cd3,cd4,cd5]=detcoef(C,L,[1,2,3,4,5]);

seg=row_c*col_c;
sc=length(ca5);

seg_w =fix(sc/seg);

rand('state',28);cp=randperm(seg);
ca_reshape=reshape(ca5(1:seg*seg w),seg w,seg);

ca_reshape=ca reshape';
for i=1:1:seg
ca(i,:)=ca_reshape(cp(i),:);

end

for i=1:1:seg



mean_ca(i)=mean(ca(i,:));
caw(i,:)=ca(i,:)-mean_ca(i)+(w(i)*abs(mean_ca(i)));

end

for i=1:1:seg
¢ new(cp(i),:)=caw(i,:);

end

¢_new=reshape(c_new',1,seg w*seg);
c_new((seg*seg w)+1:sc)=ca5((seg*seg w)+1:sc);
Cnew = [¢_new cd5 cd4 cd3 cd2 cdl];

audio = waverec(Cnew,L,wv);

wavwrite(audio,Fs1,bit1,'music_emb");
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e et
% Audio Watermarking Algorithm : Detection, error correction code

% Author: Noppanan Sriyingyong

% Issue Date: Dec.2005

e et e
%1) Original

[y2,Fs2,bit2] = wavread('music_emb.wav') ;

audiox=rot90(y2(:,1),1);

[Cx,Lx] = wavedec(audiox,count,wv);
cax5 = appcoef(Cx,Lx,wv,count);
cax_reshape = reshape(cax5(1:seg*seg_w),seg_w,seg);

cax_reshape = cax_reshape';

for i=1:1:seg



caw(i,:)=cax_reshape(cp(i),:);
if sign(mean(caw(i,:)))>0
watermark(i)=1;
else
watermark(i)=0;
end

end

[num,rat]=biterr(watermark,wb);
noisycode=reshape(watermark,row_c,col _c);

[newmsg,err,ccode] = decode(noisycode,n,k,'cyclic');
re_msg=reshape(newmsg,1,row*col);

SIM= sum(v.*re_msg)/((sqrt(sum(v.*2)))*(sqrt(sum(re_msg."2))));

BIT=num;

% 2) Resampling
[y2,Fs2,bit2] = wavread('music_emb PCM_PCM.wav');
audiox=rot90(y2(:,1),1);

audiox=audiox(6:max(size(audiox)));

[Cx,Lx] = wavedec(audiox,count,wv);
cax5 = appcoef(Cx,Lx,wv,count);
cax_reshape = reshape(cax5(1:seg*seg w),seg w,seg);

cax_reshape = cax_reshape';

for i=1:1:seg
caw(i,:)=cax_reshape(cp(i),:);
if sign(mean(caw(i,:)))>0
watermark(i)=1;
else

watermark(i)=0;



end

end

[num,rat]=biterr(watermark,wb);
noisycode=reshape(watermark,row c,col c);

[newmsg,err,ccode] = decode(noisycode,n,k,'cyclic');
re_msg=reshape(newmsg,1,row*col);

SIM= sum(v.*re_msg)/((sqrt(sum(v.”2)))*(sqrt(sum(re_msg.”2))));

BIT=num;

% 3) LPF

[y2,Fs2,bit2] = wavread('music_emb');
y2=rot90(y2(:,1),1);

[b,a] = butter(6,6000/(Fs2/2));

audiox=filter(b,a,y2);

[Cx,Lx] = wavedec(audiox,count,wv);
cax5 = appcoef(Cx,Lx,wv,count);
cax_reshape = reshape(cax5(1:seg*seg w),seg_w,seg);

cax_reshape = cax_reshape';

fori=1:1:seg
caw(i,:)=cax_reshape(cp(i),:);
if sign(mean(caw(i,:)))>0
watermark(i)=1;
else
watermark(i)=0;
end
end
[num,rat]=biterr(watermark,wb);

noisycode=reshape(watermark,row_c,col _c);



[newmsg,err,ccode] = decode(noisycode,n,k,'cyclic');
re_msg=reshape(newmsg,1,row*col);

SIM= sum(v.*re_msg)/((sqrt(sum(v.*2)))*(sqrt(sum(re_msg.*2))));
BIT=num;

wavwrite(audiox,Fs1,bitl,'music emb LPF");

% 3) Random noise

[y2,Fs2,bit2] = wavread('music_emb');
y2=rot90(y2,1);

noise=rand(1,syl);
noise2=sqrt(0.01*sum(y2.”2)/sum(noise.”2))*noise;

audiox=(y2+noise2);

[Cx,Lx] = wavedec(audiox,count,wv);
[thr,sorh,keepapp]= ddencmp('den’,'wv',audiox);

audiox = wdencmp('gbl',Cx,Lx,wv,count,thr,sorh,keepapp);

[Cx,Lx] = wavedec(audiox,count,wv);

cax5 = appcoef(Cx,Lx,wv,count);

cax5 = cax5-mean(cax5);

cax_reshape = reshape(cax5(1:seg*seg w),seg_w,seg);

cax_reshape = cax_reshape';

for i=1:1:seg
caw(i,:)=cax_reshape(cp(i),:);
if sign(mean(caw(i,:)))>0
watermark(i)=1;
else
watermark(i)=0;
end

end



[num,rat]=biterr(watermark,wb);
noisycode=reshape(watermark,row_c,col c);

[newmsg,err,ccode] = decode(noisycode,n,k,'cyclic');
re_msg=reshape(newmsg,1,row*col);

SIM= sum(v.*re_msg)/((sqrt(sum(v.”2)))*(sqrt(sum(re_msg.”2))));
BIT=num;

wavwrite(audiox,Fs1,bitl,'music_emb_ White noise');

% 4) White Gaussian noise
[y2,Fs2,bit2] = wavread('music_emb');

y2=rot90(y2,1);

for adj=1:1:20
audiox=awgn(y2,adj+29);
ratio_noise(adj)=sum((audiox-y2).”2)/sum(y2."2);
error_ratio(adj)=abs(.01-ratio_noise(adj));

end

[mag,pos]=min(error_ratio);

audiox=awgn(y2,pos+29);

[Cx,Lx] = wavedec(audiox,count,wv);
cax5 = appcoef(Cx,Lx,wv,count);
cax_reshape = reshape(cax5(1:seg*seg w),seg w,seg);

cax_reshape = cax_reshape';

for i=1:1:seg
caw(i,:)=cax_reshape(cp(i),:);
if sign(mean(caw(i,:)))>0

watermark(i)=1;



else
watermark(i)=0;
end

end

[num,rat]=biterr(watermark,wb);
noisycode=reshape(watermark,row c,col c);

[newmsg,err,ccode] = decode(noisycode,n,k, cyclic');
re_msg=reshape(newmsg,1,row*col);

SIM= sum(v.*re_msg)/((sqrt(sum(v.*2)))*(sqrt(sum(re_msg."2))));

BIT=num;wavwrite(audiox,Fs1,bit]l,'music_emb_Gaussian noise');

% 6) DWT
[y2,Fs2,bit2] = wavread('music_emb.wav');

audiox=rot90(y2(:,1),1);

[thr,sorh,keepapp]= ddencmp('den’,'wv',audiox);

audiox = wdencmp('gbl',Cnew,L,wv,count,thr,sorh,keepapp);

[Cx,Lx] = wavedec(audiox,count,wv);
cax5 = appcoef(Cx,Lx,wv,count);
cax_reshape = reshape(cax5(1:seg*seg w),seg_w,seg);

cax_reshape = cax_reshape';

for i=1:1:seg
caw(i,:)=cax_reshape(cp(i),:);
if sign(mean(caw(i,:)))>0
watermark(i)=1;
else
watermark(i)=0;

end



end

[num,rat]=biterr(watermark,wb);
noisycode=reshape(watermark,row_c,col c);

[newmsg,err,ccode] = decode(noisycode,n,k,'cyclic');
re_msg=reshape(newmsg,1,row*col);

SIM= sum(v.*re_msg)/((sqrt(sum(v.*2)))*(sqrt(sum(re_msg.”2))));

BIT=num;wavwrite(audiox,Fs2,bit2,'music emb DWT");

% 7) MP3

[y2,Fs2,bit2] = wavread('music_emb_ 56 PCM.wav');
audiox=rot90(y2(:,1),1);

xx=max(size(audiox));

audiox=audiox(1106:xx);

[Cx,Lx] = wavedec(audiox,count,wv);
cax5 = appcoef(Cx,Lx,wv,count);
cax_reshape = reshape(cax5(1:seg*seg w),seg_w,seg);

cax_reshape = cax_reshape';

for i=1:1:seg
caw(i,:)=cax_reshape(cp(i),:);
if sign(mean(caw(i,:)))>0
watermark(i)=1;
else
watermark(i)=0;
end

end

[num,rat]=biterr(watermark,wb);

noisycode=reshape(watermark,row_c,col _c);



[newmsg,err,ccode] = decode(noisycode,n,k,'cyclic');
re_msg=reshape(newmsg,1,row*col);
SIM= sum(v.*re_msg)/((sqrt(sum(v.*2)))*(sqrt(sum(re_msg.*2))));

BIT=num;

% 9) Jitter
[y2,Fs2,bit2] = wavread('music_emb');
audiox=rot90(y2(:,1),1);

sy2=length(audiox);

for i=1:1:fix(sy2/100)
pos = randint(1,1,[1,100]);
audiox((100*(i-1))+pos)=0;

end

[Cx,Lx] = wavedec(audiox,count,wv);
cax5 = appcoef(Cx,Lx,wv,count);
cax_reshape = reshape(cax5(1:seg*seg w),seg_w,seg);

cax_reshape = cax_reshape';

for i=1:1:seg
caw(i,:)=cax_reshape(cp(i),:);
if sign(mean(caw(i,:)))>0
watermark(i)=1;
else
watermark(i)=0;
end

end

[num,rat]=biterr(watermark,wb);

noisycode=reshape(watermark,row_c,col _c);



[newmsg,err,ccode] = decode(noisycode,n,k,'cyclic');
re_msg=reshape(newmsg,1,row*col);

SIM= sum(v.*re_msg)/((sqrt(sum(v.*2)))*(sqrt(sum(re_msg.*2))));
BIT=num;wavwrite(audiox,Fs1,bit]l,'music_emb Jitter');

%Crop

[y2,Fs2,bit2] = wavread('music_emb');

y2=r0t90(y2(:,1),1);

sy2=length(y2);

rand_pos=5;

rand_samp=500;

pos = randint(1,rand_pos,[1,fix(sy2/rand_samp)]);

for i=1:1:rand_pos
y2((pos(i)*rand_samp)-(rand_samp-1):(pos(i)*rand_samp))=0;

end

audiox=y2;

[Cx,Lx] = wavedec(audiox,count,wv);
cax5 = appcoef(Cx,Lx,wv,count);
cax_reshape = reshape(cax5(1:seg*seg w),seg_w,seg);

cax_reshape = cax_reshape';

for i=1:1:seg
caw(i,:)=cax_reshape(cp(i),:);
if sign(mean(caw(i,:)))>0
watermark(i)=1;
else
watermark(i)=0;
end

end



[num,rat]=biterr(watermark,wb);
noisycode=reshape(watermark,row_c,col c);

[newmsg,err,ccode] = decode(noisycode,n,k,'cyclic');
re_msg=reshape(newmsg,1,row*col);

SIM= sum(v.*re_msg)/((sqrt(sum(v.”2)))*(sqrt(sum(re_msg.”2))));
BIT=num;

wavwrite(audiox,Fs1,bitl,'music_emb _crop 5 500");
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§ [ a { Y Aav A a L&Y .
Q13199 9.1 HaMINaaeUdandINUN 141Ut INe WU N UWaIaINa classic

Beautiful Hungarian | Marriage of Romance for

Moonlight Violin &

Blue Danube Dances Figaro Orchestra
No attack 1 1 1 1 1
Downsampling 1 1 1 1 1
LPF 1 1 1 1 1
Random noise 1 1 1 1 1
Gaussian noise 1 1 1 1 1
Denoise-DWT 1 1 1 1 1
MP3: 128 kbps 1 1 1 1 1
MP3: 56 kbps 1 1 1 1 1
Jittering 1 1 1 1 1
Crop (5% 100) 1 1 1 1 1
Crop (10x100) 1 1 1 1 1
Crop (10x500) 0.9831 0.9899 0.9899 0.9848 0.9899
Crop (10x 1000) 0.9782 0.9744 0.9744 0.9762 0.9744

%

A5 19N 9.2 Nﬁﬂﬁ“l/lﬂﬁ’f)‘ﬂéjaﬂ@?ﬁﬂﬁi%ﬁﬁﬁllﬁﬂﬂlﬂ’nwaﬂWQWQfT‘ULWﬁQﬁWﬂa classic

Beautiful Hungarian | Marriage of Romance for

Moonlight Violin &

Blue Danube Dances Figaro Orchestra
No attack 1 1 1 1 1
Downsampling 1 1 1 1 1
LPF 1 1 1 1 1
Random noise 1 1 1 1 1
Gaussian noise 1 1 1 1 1
Denoise-DWT 1 1 1 1 1
MP3: 128 kbps 1 1 1 1 1
MP3: 56 kbps 1 1 1 1 1
Jittering 1 1 1 1 1
Crop (5% 100) 1 1 1 1 1
Crop (10x 100) 1 1 1 1 1
Crop (10x500) 1 1 1 1 1
Crop (10x 1000) 0.9899 0.9933 0.9933 1 1




§ [ a { Y Aav A a L&Y .
M13199 2.1 namsnageusane NuN ¥ luanuIseInnUNUS A UNaIEN jazz

Beauty in Shade of Till T getit | I could wait
Squeeze me
me pain right a book

No attack 1 1 1 1 1
Downsampling 1 1 1 1 1
LPF 1 1 1 1 1
Random noise 1 1 1 0.9966 1
Gaussian noise 1 1 1 1 1
Denoise-DWT 1 1 1 1 1
MP3: 128 kbps 1 1 1 1 1
MP3: 56 kbps 1 1 1 1 1
Jittering 1 1 1 0.9983 1
Crop (5% 100) 0.9950 1 1 1 1
Crop (10x100) 0.9950 1 1 0.9983 1
Crop (10x500) 0.9831 0.9831 0.9882 0.9899 0.9831
Crop (10x 1000) 0.9710 0.9693 0.9730 0.9744 0.9693

%

M13199 9.2 wamsnageusanes Ny 1¥svaud lvanuRanaafumasanna jazz

Beauty in Shade of Till T getit | Icould wait
Squeeze me
me pain right a book

No attack 1 1 1 1 1
Downsampling 1 1 1 1 1
LPF 1 1 0.9693 0.9675 1
Random noise 1 1 1 0.9730 1
Gaussian noise 1 1 0.9693 0.9548 1
Denoise-DWT 1 1 1 1 1
MP3: 128 kbps 1 1 1 0.9548 1
MP3: 56 kbps 1 1 1 0.9548 1
Jittering 1 1 0.9950 1 1
Crop (5% 100) 1 1 1 1 1
Crop (10x 100) 1 1 1 1 1
Crop (10x500) 1 1 1 1 1
Crop (10x 1000) 1 1 0.9933 1 1




§ [ a { Y Aav A a L&Y
A13197 2.1 wamsnageusane3nun 1¥uauITeIneHnuT A UWaIaIna pop

Where is the
Vincent White Flag Sunrise Sometime
love

No attack 1 1 1 1 1
Downsampling 1 1 1 1 1
LPF 1 1 1 1 1
Random noise 1 0.9966 1 1 1
Gaussian noise 1 0.9966 1 1 1
Denoise-DWT 1 1 1 1 1
MP3: 128 kbps 1 1 1 1 1
MP3: 56 kbps 1 1 0.9882 1 0.9899
Jittering 1 1 1 1 1
Crop (5% 100) 1 1 1 1 1
Crop (10x100) 0.9966 1 1 1 0.9966
Crop (10x500) 0.9865 0.9899 0.9831 0.9831 0.9831
Crop (10x 1000) 0.9675 0.9744 0.9797 0.9675 0.9662

%

M13199 9.2 wamsnaaeusane3 nuh 1¥5iaud lvanuAanaiaduwasaIna pop

Where is the
Vincent White flag Sunrise Sometime
love

No attack 1 1 1 1 1
Downsampling 1 1 1 1 1
LPF 1 0.9899 0.9966 0.9933 0.9966
Random noise 1 1 1 1 1
Gaussian noise 1 0.9698 0.9605 1 1
Denoise-DWT 1 1 1 1 1
MP3: 128 kbps 1 0.9833 0.9134 1 0.9744
MP3: 56 kbps 1 0.9833 0.9134 1 0.9744
Jittering 1 1 0.9950 1 1
Crop (5% 100) 1 1 1 1 1
Crop (10x 100) 1 1 1 1 1
Crop (10x500) 1 1 1 1 1
Crop (10x 1000) 1 0.9933 0.9933 1 1




A Y AR Agq Y Aav A a o @ a
AT 19N 9.1 Wﬁﬂ15‘ﬂﬂﬁ"ﬁ]‘ﬂ®ﬁﬂ@iﬂhﬂi%iuﬂu%fﬂEJ’J“I/IEHUWH‘ﬁﬂ‘ULWﬁﬂV]EJL@?J

) I MmN o g .
UrHny ¢ IW‘ﬁﬁ@’J UNvY
wszayns | szand
No attack 1 1 1 1 1
Downsampling 1 1 1 1 1
LPF 1 1 1 1 1
Random noise 0.9966 1 1 0.9966 1
Gaussian noise 0.9950 1 1 1 1
Denoise-DWT 1 1 1 1 1
MP3: 128 kbps 1 1 1 1 1
MP3: 56 kbps 1 1 1 1 1
Jittering 0.9966 1 1 1 1
Crop (5% 100) 1 1 1 1 1
Crop (10x100) 0 0 0 0 0
Crop (10x500) 0.9916 0.9916 0.9933 0.9950 0.9882
Crop (10x 1000) 0.9730 0.9762 0.9762 0.9730 0.9693

%

d‘ (% AR d‘ 9 Y a [ a
ATNN 2.2 wamimﬁa‘uaaﬂ@smm%mmm"lmmmmwm@ﬂmwm'lmmu

) I MmN e 5
NHIRNY o | Insdad UMY
wszayns | Uszdnd
No attack 1 1 1 1 1
Downsampling 1 1 1 1 1
LPF 1 1 1 1 1
Random noise 1 1 1 1 1
Gaussian noise 1 1 1 1 0.9916
Denoise-DWT 1 1 1 1 1
MP3: 128 kbps 1 1 1 1 1
MP3: 56 kbps 1 1 1 1 1
Jittering 1 1 1 1 1
Crop (5% 100) 1 1 1 1 1
Crop (10x 100) 1 1 1 1 1
Crop (10x500) 1 1 1 1 1
Crop (10x 1000) 1 0.9899 0.9916 0.9916 1




d' [ a R d' Y Aav A a L&Y r'd
AT 19N 9.1 Wﬁﬂ15‘ﬂﬂﬁ"ﬁ]‘ﬂﬂﬁﬂ@iﬂhﬂiﬂfiuﬂu%fﬂEJ’J“I/IﬂWUWHﬁﬂULWﬁQqﬂﬂquﬂi1ﬂim

L . Waos 3 gyl
FIUANINN NINUAUA : AATIIN
oih no

No attack 1 1 1 1 1
Downsampling 1 1 1 1 1
LPF 1 1 1 0.9966 1
Random noise 1 1 1 1 1
Gaussian noise 1 1 1 1 1
Denoise-DWT 1 1 1 1 1
MP3: 128 kbps 1 1 1 1 1
MP3: 56 kbps 1 1 1 0.9899 1
Jittering 1 1 1 1 1
Crop (5% 100) 1 1 1 1 1
Crop (10x100) 1 1 1 0.9966 1
Crop (10x500) 0.9882 0.9916 0.9950 0.9916 0.9865
Crop (10x 1000) 0.9730 0.9744 0.9848 0.9730 0.9744

%

A Y] AR A 9 Y a [ 4
ATNN 2.2 wamimﬁa‘uaaﬂ@smw%ﬁﬁmm%mmwﬂwm@ﬂmwaﬂmqummm

L " Waos 5 i lud
BIUANINN NINUAUA A AATIN
o e

No attack 1 1 1 1 1
Downsampling 1 1 1 1 1
LPF 1 1 0.9983 1 0.9933
Random noise 1 1 1 1 1
Gaussian noise 1 1 1 1 1
Denoise-DWT 1 1 1 1 1
MP3: 128 kbps 1 1 0.9950 0.9933 1
MP3: 56 kbps 1 1 0.9950 0.9933 1
Jittering 1 1 1 1 1
Crop (5% 100) 1 1 1 1 1
Crop (10x 100) 1 1 1 1 1
Crop (10x500) 1 1 1 1 1
Crop (10x 1000) 1 0.9933 1 0.9882 1




§ [ a { Y Aav A a L&Y 1
M1319% 0.1 mamsnagevdanesnui 14 uanITeInetinusiumas Tnegnie

milonlnu dnenn v - . Aunnuna

. , a31u | anilalug 5

AUA VDULNU AIMUUN
No attack 1 1 1 1 1
Downsampling 1 1 1 1 1
LPF 1 1 1 1 1
Random noise 1 0.9933 1 0.9966 0.9865
Gaussian noise 1 1 1 1 1
Denoise-DWT 1 1 1 1 1
MP3: 128 kbps 1 1 1 1 1
MP3: 56 kbps 1 1 1 1 1
Jittering 1 1 1 1 1
Crop (5% 100) 1 1 1 1 1
Crop (10x100) 1 1 1 0.9933 1
Crop (10x500) 0.9882 0.9950 0.9865 0.9865 0.9848
Crop (10%1000) 0.9710 0.9730 0.9762 0.9710 0.9662

%

A Y] AR A 9 Y a [ 1
ATNN 2.2 Naf‘lﬁ‘ﬂﬂﬁ’ﬂ‘ﬂﬂaﬂ@iﬂﬂﬂi%ﬁﬁﬁllﬂqﬂlﬂﬂuNﬂWﬁW@ﬂULWﬁQ‘lVIﬂQﬂnQ

mitoe vy dnan Yy - . dunntuvs

. . a3y | anraTug 3

AUA VDULNU MUY
No attack 1 1 1 1 1
Downsampling 1 1 1 1 1
LPF 1 0.9916 1 1 1
Random noise 1 1 1 1 1
Gaussian noise 1 1 1 1 1
Denoise-DWT 1 1 1 1 1
MP3: 128 kbps 1 0.9675 1 0.9899 0.9882
MP3: 56 kbps 1 0.9675 1 0.9899 0.9882
Jittering 0.9916 1 1 1 1
Crop (5% 100) 1 1 1 1 1
Crop (10%x100) 1 1 1 1 1
Crop (10x500) 1 1 1 1 1
Crop (10x1000) 1 1 1 1 1
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v Y
m35199 2.1 Manudulumsteasive ananie

o, a, o2
1A classic
Beautyful Blue Danube 24.619717440000 19.808022050000 7.664960476000
Hungarian Dances 22.739892620000 19.665952080000 3.078797649000
Marriage of Figaro 29.459637120000 13.619686970000 6.403135838000

Moonlight

Romance of Violin &

13.317441166886

3.861318531894

2.819040838062

11.458131561197 9.365473649013 1.006297446961
Orcheatra
1o jazz
Beauty in me 45.093516136232 40.417786975114 5.884743882009
Shade of pain 39.024913246474 19.587770688347 5.750931752962
Till i get it right 19.947992056292 16.153644441978 6.940417802238

I could write a book

23.768705633140

11.808031976259

5.754973858103

Squeeze me 33.257413037617  26.263402070554 9.965192802921
WA pop

Vincent 19.894133038347  10.017582881886 6.389960613282
White flag 39.177547850701  36.847995962258 9.804537555558
Red 91.346724257728  38.680107572468  12.652024968410
Sometime 85.389399966769  17.299013201269  12.181410493819
Where is the love 64.724101711118  51.120433072922  14.358381121862
mad Ineay

Invinszayms 19.743160586587 7.807264158402 3.864867061814
mmlszans 20.082033835140  14.733109123431 4.313203050708
Tnsdas 28.957602309135  17.996125378441 2.662503348810
UMY 13.481151999496  10.876675470042 1.657601489127

26.663405568763

10.121005887432

3.069812605782




y 1 9 LY g’ 1 1
A1519% 2.1 Manun lumsiaaieiiveunasniee (@)

21 a, x5

was Ineguningel

Huauin 25.850593620775  10.914486652183 6.305601385718
WIHUAUA 29.415953234452  23.050525645465 6.780528999037
Waediloaih 37.787742248516  21.972899656010 9.847270811749
fAaam 40.013760136379  32.939437639784 7.751060663319
wigladme 68.220726489353  40.988409643206 6.285907824680
g lnegnis

milee lnuaud 64.090527870000  54.663487170000 6.214527330000
gnanveuuny 19.843275200000  10.026328630000 6.346218382000
EARGIRLN 15.932566870000  11.328600170000 9.105824360000
anilalag 20.750109460000  14.247312850000 7.470686290000
FUNNUUHIAIUNGS 23.701121730000  11.641100960000 4.594607500000
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q./ A = w A =) 1
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Wadana Classic

1. 1NN The Beautiful Blue Danube

N, INaInAdo N 1 NnanInanas
=

V. 1aanagoUn 2 YnunInanas

q

A, masnadoui 1 uaz 2 liliganiwaaaaay

] 9
3 NAMNATDUN 1 1Az 2 UAUNINAAAINIY

2. W@ Hungarian Dance No.05

)

f. MaINAgoUN 1 UAMMINAAad

q

=

V. INaINAFOUN 2 UAUNTINAAAN

A, masnadoud 1 uaz 2 liliganiwanaday

1 2
3 INAINATOUN 1 Hag 2 UAMNINAAAINIG

3. N3 Marriage of Figaro

.

. NaInagoaun 1 ﬁﬂmmwaﬂm

=]

V. NNNATDUN 2 UAUNINAAAN

.

A. wasnaaeui 1 uaz 2 lullguninanaaay

] 9
4. INAINATOUN 1 Hag 2 UAMNINAAANNIE

4. IWad Moonlight

)

n. adsnagoui 1 Ynaumnanas

q

)

V. 1aanagoui 2 NAUNTINAAAN

A, masnadoui 1 uaz 2 Wiligunwanaaay

] 9
2 NAMNAADUN 1 1Az 2 UAUNINAAANIY

5. INa9 Romance of Violin

N, INaINAdoUN 1 NnanInanas
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 NAINAFOUN 2 UAUNNAADY

q

v

Swasnadoui 1 uaz 2 Wiliganiwanaaay

] 9
3 INAMNAADUN 1 1Az 2 UANNINAAANIY

INadana Jazz

1. 1WA Beauty in Me

n

Q€.

)

. NaInageuN 1 Inuninanas

q

)

NaINATEUN 2 Unmn1nanas

q

Swasnadoui 1 uaz 2 Wiliganwanaaay

] 9
ANAINATDUN 1 1Az 2 UAUNINAAAINIY

. 1WA Shade of Pain

)

. MaINAgoUN 1 WA INAnad

q
=

. MaINAFoUN 2 UAMMINAAAY

q

Swasnadoud 1 uaz 2 liliganiwanaaay

1 Y
INAINATOUN 1 1Az 2 UAMNINAAAINIE

L IWAN “Till T get it Right

.

CANINATEIUN 1 ﬁﬂﬂ!ﬂ1waﬂﬁ\‘1

=

SANINATIUN 2 UAUNINAAI

.

wasnaaeui 1 uaz 2 lullgunimanaaay

] 9
CINAINATOUTN 1 1Az 2 UAMNINAAANNIE

. W8N I could write a book

)

. MaINAgoUN 1 UAMNINAAad

q
=

. INaINAFoUN 2 WA INAAAY

q

Swasnadoud 1 uaz 2 liliganiwanaaag

v 9
ANAINATDUN 1 1Az 2 UANNINAAAINIY

. IW8N Squeeze Me

 IWaINAaaUN 1 InmnInanad
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N.

 NAINAFOUN 2 UAUNNAADY

q

v

Swasnadoui 1 uaz 2 Wiliganiwanaaay

] 9
MaImAaeUN 1 1Az 2 AU INAAAINIE

INadaina Pop

1. tN93 Vincent

n

AWaINadeUN 1 UnanInanad

=\

ANANATDUN 2 UAUNTNAAAN

D.

v

Swasnadoui 1 uaz 2 Wiliganwanaaay

] 9
ANAINATDUN 1 1Az 2 UAUNINAAAINIY

. IWad White Flag

.

CANINATEIUN 1 ﬁﬂmmwaﬂm

=

SANAINATaUN 2 UAUNINAAI

.

Swasnadeaun 1 uag 2 lillguniwanaaae

] 9
INAINATOUTN 1 1Az 2 UAMNINAAANNIE

. WY Sunrise

 WAINAFOUN 1 UAUNNAAAY

q

=

. INAINAFOUN 2 UAMMINAAAY

q

Swasnadoud 1 uaz 2 liliguniwanadag

v 9
ANAINATDUN 1 1Az 2 UAUNINAAAINIY

. 1NN Sometime

S IWaINAaaUN 1 InmnInanad

=

L INAINATOUN 2 HAmN WAl

q

wasnaaeui 1 uaz 2 lullguninanaaay

] 9
ANAINATDUN 1 1Az 2 UAUNINAAANIY

. IWAY Where is the Love
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A, masnadoui 1 uaz 2 Wiligunwanaaay

1 9
3 NAMNATDUN 1 1Az 2 UAUNNAAAINIY

mad Inenay

¢
L. 1Wag UM ne

.

. NaInagaun 1 ﬁﬂmﬂWWﬁﬂa\‘]

.

=]

U, INaINAaaUN 2 InaININanal

A. asnageun 1 uaz 2 lullguninanaaay
] 9

4. INAINATOUN 1 Az 2 UAMNINAAANNIE
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2.ad mNUseand

)

f. MaInAgeUN 1 AN imanad

q

=

V. INAINAFOUN 2 UAUNTINAAAN

a. wasnagaun 1 uaz 2 lullguniwasaaae

1 Y
3 INAINATOUN 1 Hag 2 UAMNINAAAINIR

Aaou o
3,904 Insdaa)

N, INaINAdo N 1 NAanInanas

D.

=\

U, NNINATDUN 2 UAUNINAAA

A, masnadoui 1 uaz 2 Wiliguniwanaday

] 9
3 NAMNATDUN 1 1Az 2 UAUNINAAAINIY

a L4
4. WA MNUNTETYNT
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] 9
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AWaINAdeUN 1 UnanInanad
AWAINATeUN 2 NN INanaa
wasnadoud 1 uaz 2 liliguniwaaaae

v 9
MaInAaeUN 1 1ag 2 AN INAAAINIE

madlnegunsnsal

3 '
L. WY UaANIN

n

U

)

. NaInageuN 1 Inuninanas

q

)

. INaINAgaUN 2 Unun1nanas

q

wasnadoui 1 uaz 2 liliganiwaaaaay

v 9
ANAINATDUN 1 1Az 2 UAUNINAAAINIY

L INAY NI KU

.

CANINAFEIUN 1 ﬁﬂmmwaﬂm

CINAINATOUN 2 HAmA WA

q

)

wasnadeui 1 uaz 2 lullguniwanaaay

] 9
INAINATOUTN 1 1Az 2 UAMNINAAAINIE

s Waes ety

=

. MaINAgoUN 1 WA INAAaY

q
=

. NaINAFOUN 2 WA INAAAY

q

wasnadoud 1 uaz 2 liliganiwaaaay

1 2
INAINATOUN 1 1Az 2 UAMNINAAAINIE

WA AR N

 IWaINAaRUN 1 NnmnInanad

D.

=\

ANAINATDUN 2 UAUNTNAAAN

v

Swasnadoui 1 uaz 2 liliganiwanaaay

] 9
ANAINATDUN 1 1Az 2 UAUNINAAAINIY
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q
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. INaINAgaUN 2 Unun1nanas

q

wasnadoud 1 uaz 2 liliguniwaaaae

v 9
MaInAaeUN 1 1ag 2 AN INAAAINIE

wadlnegnis

A =
1. a9 ml.!i’)ﬂhlﬁilﬂuﬂ

n

U

)

. InaInageuN 1 Inuninanas

q

)

. INaINAgaUN 2 Inun1nanas

q

wasnadoni 1 uaz 2 liliguniwaaaaay

v 9
ANAINATDUN 1 1Az 2 UAUNNAAAINIY

CIWAN Enanveuuny

.

ANINATEIUN 1 ﬁﬂmmwaﬂm

.

=]

ANINATDUN 2 UAUNIWAAAN

Swasnaaeuil 1 uaz 2 luliguniwasaday

] 9
CINAINATOUN 1 1Az 2 UAMNINAAAINIG

Jwad a599nu

=

. MaINAgoUN 1 WA INAAaY

q
=

. NaINAFOUN 2 UAMMINAAAY

q

wasnadoud 1 uaz 2 lilinaniwaaaay

1 Y
INAINATOUN 1 1Az 2 UAMNINAAAINIE

S anilelug

 IWaINAAOUN 1 UM INanaa
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CANANATDUN 2 UAUNTNAAAN

v

Sasnadoui 1 uaz 2 Wiliguniwanaaay

] 9
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n. adnagoui 1 Ynaumnanas

q
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