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Key-based Audio Watermarking System using

Wavelet Packet Decomposition

Abstract

In this thesis, we propose an audio watermarking system based on
wavelet packet decomposition and psycho-acoustic modeling. The audio
watermarking system can deliver perceptual transparent audio quality,
and it is robust against various signal processing or malicious attacks.

The original audio signal is first segmented and divided into 29
subbands via wavelet packet decomposition. The bandwidth allocation of
the subband decomposition structure is close to the critical band structure
of human auditory system. Middle and middle-low subbands are chosen
for watermark embedding. A selective embedding method is used to
embed watermark into those coefficient blocks with clear block polarities.
Modification of selected coefficients is based on the minimum masking
threshold of psycho-acoustic model. Instead of the original Audio signal,
a secure key is used in the watermark extraction to indicate the locations
where watermark bits are embedded. In addition, a synchronization
mechanism is imposed to search for the frame boundary of attacked audio
signal.

Simulation results show that the watermarking system is robust
against MP3 compression at 48 Kbps and above. It also survives StirMark

attacks for audio and cropping attacks.
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Conversion : resampling ~ inversion...

Noise : random noise...

Modulation : chorus - enhance...
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® Time stretch and pitch shift : pitch shifter ~ time stretch...

® Sample permutations . flip samples ~ cut samples...
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i § ( Positive Single Echo ) 2z % %k ¢ H "% # /& ( Impulse
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i

Magnituda Responise (48]
-] -

i k. i _
] 3 s 0 12 18 [ FT] z4
Gritlosi-band Aste

Frequency response of the proposed echo.

] 2.8 Frequency response of multiple echo
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# 4 f2 ( Wavelet Expansion ) ¥ 3247

AT ARk f 5
# & $e (Discrete Wavelet
Transform )
J/ﬁ»,f‘i "‘E'I\/
Blocks ) - T

v

B ST s I - (la
- A2 ¢ VA £ A
( Time-Frequency Location ) = ('L 7]
25 7
F

#$. ( Building
BN pE R i R
Bk T o T A R B
FE - M f Mfoh W FE T - A% (Basis)e 4 7 F
2 VL 1% '
FBcE i}uiﬁ

v

]H_:.m,g,\ﬁ é"ﬁi’ h’-i‘_l‘jzj\;ﬁ\éq\ﬁq:‘f’%q—\?l?r—‘m°r_ﬁ?
E A

§ ¥ — 7 gy
sl R o e (31)0 0, () LK P
Rk B EH a, b BEULA fRGE
0=3,%,0 0,0

)—vl-r’ﬁ m%:-— flq /J /ﬁ <

4%

&

/LAF

]' ﬁ*ﬂ}‘% o
0,.(6)=2%¢

J

RY H ¥ d - B#HcE S 3% ( Scaling
Function ) # " Scaling" = " Translation " #72 = > 4r3% (3.2)
ik pER mﬁ*’}‘? @ g FoEH

k
Q/t=k)  JKEZ oo, (32)
AORHCL L - AT R AN (33) 8, LR
EREPE S
t ZC

Folrik)s DIWAC

J=Jo
¢(t): scaling function, c; (k):scaling coefficient

w(t): wavelet function, d ; (k): wavelet coefficient

(2fz—k)

22



% € j24 A (Multiresolution) 4 45

T EG S EfET R 0 G & RUbriE Y ((Progressive ) HUBUR g

2 ¥ A3V 5 (Scalable Coding ) [23][24] - ® 3} 7 £ 24745122 288
PRI Ao F - EWET A o(t—k) 7 Weighted Sum #7477 !
KoFgF L BRR (FFR KD ) TR pu-k)
0 ik

2k Kken— X > @ ¥ "Translation Step " » R keh- Lengd > v

Weighted Sum #74 77 1k > #3530 ok T B AR o

ﬁh? "o {5 e ﬂ‘,n,b v URERAE LT F R

| 4 3% enJk X 30 e (Basis Function ) » 5 & fa#g 3] > - A 8]
# 3B ( Wavelet Function ) » — & % #c€ S #c ( Scaling Function ) ;
VIERRT L A S B v i S lic{odicE ST 0 - o gy
& ¢ Translation #c & & #c e Weighted Sum % % 77 » 43¢ (3.4):

J+l

o2’ )Zh R 2R =) N EZ . (3.4)

12 Wavelet v Scaling Function % #£ & If ¥ 12 %2 = % fo f247 & D
GREE o de (35) 8 (36) & ¥

" vV, ek AR
( Orthogonal Complement ) % & = W, > VjJ_Wj Zwom Vg e

2
g8

TEMABE TR oV =0 o v BELTRFZRF M G

S

Vo=V, @w, o V., oV, ¥393 B e j a5 o

W. =span{yRQ't —k),k € Z} ..o (35)

J

V, =span{p(2/t—k),k € Z} ..., (3.6)

23



B33 =050l B2RE & (3.7) 5 1k adicdks N

Lo B2 Bl e (3.8) ¢

nhl(n)ﬁ(o(Zt—n), NEZ oo, (3.7)

V1 :VO (—DWO ,VOJ_WO

VoV ®W.®W P (3.8)
2 0 0 1 1

W21 WIl1LW0Ll V0 V3 :>,.V2 DVI :)VO

B33 AL fiifdrR TR

312 ) iRk B

AT AR P s M 347 & (Lower Resolution ) ek # ™ d #&
B f#17 & (Higher Resolution ) chikficisd - whik s aipid B e
(Filter Banks ) 3+ 5 41 » s B 254 § sxen™ 2 > @ (B ] AR L
)/ AN : bt - o °

ol 34 -l AABEERIRAE o h(on) B b(-n) A

i Bl BB REGESEEZ RABRERE LS L SEX

24



EF ) RB S M KE

HEIT EAF T 2 0 A Sy (Stage ) gk BEEFHE o LR -
Bhod NS Bgk B ’3?%]  AEL R A 5 B i PR
S w PR kB BRPLA NI ERFADLE 7

ROV HAT R RIEEE 5L R ARABHERLAR R E L2
A

( Up-Sampling or Stretching ) > & L & [E3 #6 ~ B B> € 3MWEE & 4

) g,(n)
cj+l(k)
¢, (m)
) &o(n)

Bl 3.4 - [k A8 & gk B

Cj+1 (k)

#

$£Wﬁﬂﬁﬂ%$%$%k&yﬁ—ﬁ»%u%@%ﬁyﬁﬁ$4

Ik

i e 2R PCH B PP i € ) I 7% {3 e (Delta Function ) >

*t Nyquist Rate + 3807 65 3 0 0 e B gp a0 it o
Scaling Coefficients> i&» £ P 7 % -] ik B K (T 5L a2 R
Flz - o

Aol kimid BeamuE® b oo 139547 3 [25][26] 0 % R Biorthogonal £
ok BAMRGE N o470 T R Gk BERER PG
Linear Phase » %]t # if* & * Daubechies Biorthogonal -] & g it %
27] BECE RS 185 B35 A 515 A 2 £ 4 g @ i Rt i
e BRWEEBRFMEY RA4oB] 3.6 277 o @ L pid B o et

( Group Delay ) 4] 3.7 -

25



Bl AWk ks

Analysis HP bio6.8 filter Analysis LP bio6.8 filter
0.
0.4 0.4
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] 3.5 Daubechies Biorthogonal 6.8 |- it g it B % #ic
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Analysis HP bio6.8 filter Analysis LP bio6.8 filter
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29 (19.25~22K)

HP 28 (16.5~19,25K)
a7 (13.75~16.5K)
26 (11~13.75K)
25 (9.625~11K)
24 (8.25~9.625K)
] 23 (6.875~8.25K)
22 (6.1875~6.875K)
21 (5.5~6.1875K)
20 (4.8125~5.5K)
LP

19 (4.125~4.8125K)
18 (3.4375~4.125K)

17 (3.09375~3.4375K)

16 (2.75~3.09375K)
15 (2.40625~2.75K)

(2.0625~2.40625K)
(1.71875~2.0625K)

—_
el s

12 (1.375~1.71875K)

11 (1.203125~1.375K)
£10 (1.03125~1.203125K)

9 (0.859375~1.03125K)
4:3 (687.5~859.375)

7 (515.625~687.5)
4:: 6 (429.6875~515.625)

S (343.75~429.6875)

{ 4 (257.8125~343.75)

3 (171.875~257.8125)
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1 (0~85.9375)

310 14t 2 & SAFA TR F (2 Ho)
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o Ay .&ﬁﬁfﬁ%%lﬁ] 0~22kHz A S 45 %7 % 029 B =c#g ¥, 2
2 MPEG %7 4 B B2 #7426 B 4245 F ( Critical Bands )
(833 & ) Spsthl Gao® 311 7 o

B 3.12 & 3.15 B9 %8 o] R GEcE s d o v IR

‘o

g{ﬁ‘;—g‘ﬁjg#lrg‘ﬂj;}ngb.,ﬁj%a .

"X" critical bands  "O" wavelet packets
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o 000
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3.3 4B EF#7

FE MR AFRAY LA ( Human Auditory System ) © 4% » eh
Fiod ot R g @@ ARTIRLPEIHFER L
20Hz~20kHz 2. & - @ A B3 2L F ondd s > 305 Bag
FERE R o Bl ges B A B R R L B
FRE %R -

331 A+ 2o d e

AT R B RS R 20 Hz ~ 20 kHz 2 FF > @ $0 ¢
AR AT R A RARER et 2t R - g AR
gg,%{ﬁgﬁ@ﬁﬁ@(Mmmgmﬁayvﬁéﬁ%ﬁ’—é

Fhhl o — LEEHLL o ﬁ}q\g@g Jrﬁﬂr,}ia ( Masker ) 5 ApF >
ENNUELS A ”Lrﬁ-‘]jrllmf’ TFFER (SFTFFP ) F T
5% B T eniE e B @ B @ F LR e E M4 ¥ (Critical Band ) 0 #

n

A bR LA R R P BT S AST ga
DR B4 (3.9) 9ToF 0 @ AR R Wk - BB Y
PR REMETEET  (Bark ) 7 iveggie 284038 (3.10) 0 ;8¢ f
dorprikz i@ (H = Hertz) B nH#iE2 * wiE; £ 3.1
S BN F cnfe B 0 DR %] B AR (Hertz) £ 7 o

D T
?‘—'r %_\

100 Hz f <500 Hz

BW(f)={ 02F Ha f 500 s (3.9)

B:13.Otan‘1(mj+3.5tan_1 [(Lj J ........ (Barks) .................. (3.10)
1000 7500
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% 3.1 BAEAE S e L 2 R

Band |Lower edge| Center |Upper edge

number (Hz) (Hz) (Hz)
1 0 50 100
2 100 150 200
3 200 250 300
4 300 350 400
5 400 450 510
6 510 570 630
7 630 700 770
8 770 840 920
9 920 1000 1080
10 1080 1170 1270
11 1270 1370 1480
12 1480 1600 1720
13 1720 1850 2000
14 2000 2150 2320
15 2320 2500 2700
16 2700 2900 3150
17 3150 3400 3700
18 3700 4000 4400
19 4400 4800 5300
20 5300 5800 6400
21 6400 7000 7700
22 7700 8500 9500
23 9500 10500 12000
24 12000 13500 15500
25 15500 19500 25000
26 25000 27500 30000

SN ARIUBEFEFRIRFAL > R

rHAERe 2 HAF 3 55 > @ ARE %5 ( The Maskee, or Probe ) if

=<

F
FOOHAR G RITRIGE S R FAFERE B R R <] AR

3.6 5 B4 SEIE T b 3 [29] -
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o QO @
o o o

()
o

level of test tone
£~
o

002 005 01 02 05 1 2kHz 5 10 20
frequency of test tone

Bl 3.16 F 47 5230 it o i

EC 22y Y LI ERTE

__‘r
5 Fe 60dB R SEAE B AEIUMEAF I i HF & A KehE T AR

d BT 5 NRA S 60dB F S A S enE ARG ST
A L% fc=025+~1~4kHz >

PlRRE ME AR 5 o ¥ L fﬁ B F AR FEIN ATy **ﬂf“ S H A 5

B T rampMmi TR 2 ERFOER ) LA ( Threshold
In Quiet or Absolute Threshold of Hearing ( ATH ) )> :‘giig A B gt & F
AL AR b B R R T B IR A R ARSI S - F
. 2~5kHz 2z @& -

BT ot P o

B 3.17 &gon I pF R bt chi oo fls o A G W 3 fir(Pre-Masking)
fr % i fr (Simultaneous Masking) £ ¢ i fr (Post-Masking) = f& 7%
Mo A RSB F AR TR A e Az Bl o W i ooy 4 R TR
i

3%

4% X 50 mso TR B AR RE IREFR ES

i
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~ Q o
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77227277" llklllllllrlll7fla
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£ | 1

500 50 100 Boms 0 50 100ms®0 200

time ofter masker onset, & | delay time tg

sensation level
N
[

Bl 3.17 P 1 it oo s

AR FEOCRT BRSO T T R BB RS S Rk E
P> RE R ORI ERRR E QT LEIRT 7

A B ik pd A B BRI GHER rh o v Y R A R
SRRt s R NaAR Y +ﬁ%ﬁ%@’%%%$ﬁ,iiﬁ

Boenikyp o~ N AUFORE PGS BB S G hikdp o § R0 5 R AR
B Be en i) SR HEA R 0 38 ¥ AR AR PR TR T ehg & ,@ #
% o m MPEG Audio Psychoacoustic Model II [30]7 3} #_4p %

=
Vmu
\w
i\

- B
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3.3.2 A o

D EEHEAY ApE m;ﬁ{é’ ¥4 1=h & ATH ( Absolute
Threshold of Hearing )7 » % #p44 7+ L * fess end5 - 7% (3.11)
FgEdiptw o VY fH»Hz> ATH ™ dB 4 77 o

B L _0‘8_ 706[10/%733)2 3(4}4
ATH(f)—3.64(1000j 6.5¢ +107° 2= | (3.11)

@ MPEG Psychoacoustic Model IT ©2 & # = 3% » 3 & 513 % ATH
B 0 4cB] 3.18 #7 e

(dB)

ATH
140

120 |

100 |

80 -

60 -

40 |

20 PR | " " PSR | " " PR |
102 103 104 (Hz)

] 3.18 MPEG Psychoacoustic Model II 2_ @ ¥ #. * =% & ATH

B F 2 AR AEE - e P o e g SR
Tap S A4 B 4 B S5 (Spreading Function) % Jjg 7 & £ =R

+ ( Inner-Band ) % 4p 3 = #f 4 ( Inter-Band ) e o)l > 4r 3
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(3.12) 0 3¢ 2R 2 F R R > 0T U5 H o F MR R
pengl s Fpied o PIT R S e it (313)0 580 F(f) R R

Bz B E o

5f(z)=15.81+7.5(z +0.474) = 17.51+ (z + 0474 ...........cooein. (3.12)

SF(z,1)=(15.81—1)+7.5(z + 0.474) = (17.5— i W1 + (z + 0.474)’
where i= min(S . |F(f)| : BW(f),Z.O)

PR AN i JeSU R R 2 B R R TR D fooc e S A e
I @ RS PE 0 fTA 2 hE VIR A AR 5 e o AT R
R IERIE TR " Tonality " k45 B FETRA E o @ F(f) 5 "
Tonality " /f $.55 58 5| » 49 =3 B Bde X (3.14) 0 d # & i3 pE R 2L

i RAp ] IRWEIER FA0 (3.15) ﬁﬁﬁgﬁf g TR - B
il > Bts " Tonality " d %0/ B4p = FpREE (N (3.16)) L2
~ BIEETERIEEL (5 (3.17)) bt BRE A e (3.18) 4
T (f)E A 0T 1 2 o

¢, =2-arg(F,_ (f))=arg(F, L (f))eeeeeeeeei (3.14)
My =|F (F) o (3.15)
P =P —AE, () 70 i (3.16)
M, =1, ~|F, () max(F, (£)A, )i, (3.17)
t(f)=1-max(@,, ,@u, M, )eeeeeieiiiiiiiiiiiiii (3.18)

70 4R g " Tonality "0 ¥ F FIE fr TS E4050(3.19) 0 5
Pz, R BFROUES > s RAREFTOMES o T R H o Pz,) R i
Femenic £ 0 B =2 dB & k()& /(1) £r2 ¥ 3231 (Pure Noise) 2 8 47
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% (Pure Tone) § % ¥ kehdndic » 4038 (3.20) 22 (3.21) -

M(z)=P(z, )+ SF(z -z, ) - k(t(z))z,, = 1(t(z)) (db) ..evveverreenann.s (3.19)
K(£) =038+ 0.5(1= 1) eoveeeeeee e (3.20)
() =341+ 20(1 = 1) e eeeeeee e (3.21)

d 7 iR ko o A frds ko FIR R A 5 £ &
FHIEEER2E &k T RIRIEE HE T 2 44 ket (3.22)0 F)
R EHAD AP VRS EFORE S DE - RIRRA F LE

P

X ezt s PV B

F4e 0 e (3.23) 0

SUM (M, M, )= 401og(10% + 10]%) (D) crreieiiiie e (3.22)
SUM(MI,MZ):2010g(10M%° + 10%0) (1) PR (3.23)

R LR I R Eﬂr ( Simultaneous Masking ) =73 » & ¥ % 7
J.16 fE fr (Post-Masking ) 3] » 1/~ 1 H {52 (One-Pole) iy
B A Aot (324) -

MU= 0.85M !, +0.05M  +oveeeee e (3.24)

B {6 e P ey E 5 max(M] M) > AT B PR G M RE
SRLEL A IR o

gt m e 2 R RE > B2 fon i 2 S jrietREY
e v BE2Y LR £ 8 EH " Pre-Echo " »fls i i 0 473
Pre-Echo " »t e Kk p *t ¥ G fcnE i AF R dht 974 4 e
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ko § AR LV RE F #E 4k o Block 49 - 0 e fAfein i

X7 ‘jﬁ}tElJY&ﬂIhT’i}%ﬁ#{iﬁj o

w [,

g

-3

: | lﬂw\l I| | | "““""’"’““”"“"'”‘V“\u'

| ]' .w

J| ! J 000 ‘

(a) (b)
B 3.19 Pre-Echo &+ > (a) % A %@E= > (b) FE/MBER MBS »
LN Rl e AW R

b bg
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LI R fz‘&;}j%\,;g “‘:‘j—b/w\i};?‘ 1}# #-512 % ;;;F.__r MR 29 w0 & i B
Nl S 29 T O Sl ] B FETRA B0 B ] R
o BEAEF S 2 BAEIN NS BRAEA L 5 4 BHEIR I A

¢ B diho] i 4] 320 4FF 0 B W enst AR 0 i o
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(—/\ﬁ /—K—\ r = N

B 3.20 ) i iRl 5007 &R

—\\

FRg I Ed - AR A Ap ke B 321 S E R FR
TMEOY 24282 B0 512 BIRR & 0 B 322 Ld H ¢ B
29 AT F b [ B FETRR E 5 A B 323 5K 8 £ ko
2 4282 Bz S12 BTER B 0 B 3.24 54 H P B 529 B
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the masking thresholds of organ signal

(dB) 30 ; ; ; : :
200 1
10 1 1 1 1 1
0 100 200 300 400 500
(dB) 30 T T T T T
200 1
10 1 1 1 1 1
0 100 200 300 400 500
(dB) 30 ; ; ; ; :
200 1
10 1 1 1 1 1
0 100 200 300 400 500
B 3.21 Organ ;5L % 2 ~ 42 ~ 82 i § = A ¢ ¢ ehifg jrd &

(dB) 100

50

(dB) 100

50

(dB) 100

50

the minimum masking thresholds of organ signal

T T T T T

5 10 15 20 25 30
5 10 15 20 25 30
5 10 15 20 25 30

W1 3.22 Organ 3U5L 2~ 42~ 82 B 4 {25 B =47 F b | B fETRt &
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the masking thresholds of flute signal

(dB) 300
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T T

(dB) 300
250
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100
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(dB) 300
250
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& 3.23 Flute

50 100 150 200
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300 350

WELS 242~ 82 B3 1= A F b ehiE i

400 450 500

the minimum masking thresholds of flute signal

=
k=2
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25
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20

25
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®] 3.24 Flute 3U5L% 2 ~ 42~ 82 i § {27 B =4 3 chd | i el &
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SR REL Rk ks
3.4 AT TGRS KT RB

B 33 & R HmOEE R 0 22 23 MPEG Audio
Psychoacoustic Model 11 #73& & @ 17 3] o e £.d 20 ] gk B e endd
Mo Bl e £ s B¢ > #1ud MPEG Audio Psychoacoustic
Model IT #7384} chd | i fefpft B £ 7 3§ £ B #&ehid * ] )L i
et ov ARG E- B I ERI]] AR I TE B
BT HE A ATar R et ¥ (Noise Power ) ) o

TR B i TR B T )k Tl o A 31]Y &40
TRl E o e (3.25) #roF e

T(e’)

o’ = min( )

weBi Z‘F(ej(0)| ........................................ ( 325)

5P ot AT R B ATV R e 5 Bidop it
I BRAEF P T EREE > T(E) 5 B¢ o W%@i‘ R
[Fu(e™)| % 7% te] i A AR SHY % k BARRDE gt Behikitg
R oM AT AR B
%“ﬁf d ;4 (3.25) ¥4 MPEG Audio Psychoacoustic Model 11 #73&
BN RETRR B BT R B k] i TRl Y
F AT fol ik Gl o MBI ko[ B FETRR BRI N H A
Bl 3.25 5 F b FF2F 505 24282 B F 12029 B =04 4 chk
JEFETRAE A Bl 326 5 K9 R ARLEE 24282 B {2
29 =0 AE A o] B TR E
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(dB)

ET PR M kE kA
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50 - i

100

100

50 - g

P

B 3.250rgan 5L % 2~ 42 ~ 82 B 5 t== B =T AF F | Vi FR e
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100

100

100

50 - e

®] 3.26 Flute 3U5L% 2 ~ 42 ~ 82 i § {27 B =04 & chd | i fr el &
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B S eni gy o 1999

# > M.-T. Chou #& I\ r4 ] jhate 28 R b e & 4 B -5 107
SRk S[32] 0 B 4R % *Y MPEG —1 layer 2 2 & » 2000 # >
R.-S. Lin #& 2 5 & brie 38 2 B L A 4 F 3 H[33] » 7 -4t e 2
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$N MBS TR £ R o 4033 $ bt 0 A SR S A2 R 7
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- BREDRCE A BEHNEFARLD B S G 3 R

i
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FORT B ik B s i B SRR g Uk B P L
I M g N R R BepE S fede gl 2 1 (Alignment )
SR AL 0 Ae » B AR AOE H I RACBL s ] o ¥
Bl 4.1 5 Ker 582 B4R 420 5k erah » 3 VB L% 3 gt
A 1024 BER BT AR L HF IR S L 0 T T
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Watermarked
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Decomposition Search Extraction
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4.1 JciiF-R et~ R
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Composition Composition
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411 hEEFER

Yoo 3.2 &) AR SR AT o R U EL A Bl S 1024 1B PR
Behg 2 R F IR R e kT 0 & 8 1F 29 BAAEA ] R
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Lo R A G nREEE ¥ ROl 0 2 S8 S S fehg R SRR
( 4o:MP3 ~ AC-3~ AAC) B3t > B F lcv it 444524 > 7 &
EBod A e 5ok B E 2 B I R o B AN g yﬂﬁm%k
B ]k Gl s BOMUE SRR entilice b dte AR R

A

$ XA DT 15 XA F 2 B entalicr 4o 4.4 ¢ B RS =00

—\

B

o

chge ] X-H 2 53 BAEE > SOEF 1~ 11 SHEE 1 =l
2 ~ 15 SE L do@l 4.4 9770 o AT F P RIFe & B LB R X

[E—

o ERAEFERGE 0 ~ 275 kHz 2% 0 P9 MR LS F
Flg: 0~ 1375kHz 2+ » 9B L e 5 2 F9 5 1375 ~ 275
kHz » 4oB] 4.5 #r7 o

49



LR € 0 =

— 29
HP 28 8-stage
27 29-subband WP
L 26
25
24 0~22 KHz
—] 23
22
21
20
LP 19
— 18 17
S R s S 16 .
! 13 .
14 i
n 13 =977 """ -
L _ R gy 12, 10 |
! —L 9 6 !
! 8 5 i
I 7 4 1
. | —L [ 3
' 4
: I

B 4.4 48~ Hetifok B en ] S

(dB)

ATH
140 —rry

120 1

100 r

80

60

40 |

20 ———— EE——

102 103 (Hz)

I
o
o

" " " PR
1 1
Lo 104

] 4.5 ¢ » B =gk & awE

50



BT B sk ks
4.1.2 % H. L
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(A) PRI P ehE B
A . If N, = 0-~1 . B, = 05
B.If N, = 34 > B, = 1-
C. If N, = 2 . B, = U->
(B) 3t B I e B
A If Ny = 0 . B, = 0o

B. If Nb 4 ’ Bb = 1o

C. If Nb: 1‘2‘3’Bb:U°
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YoBl 413 3 Ahe ot DR o ARG N JEHEARI 0 T RsE

EENE S TS i
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JAZEFER
dofe A1 AT el iR E G o R R AR R R ALk
Bk Teli? o MBI M, F iR ) i mdT S 29 B4R
b gl EFAY 3BIRAF ORISR A RHB/LT o FL R
HAG S JE B PR EE B AR 0 B B RO AR Y Tl o 3T MR
THEAF GECEERCD o PR R A G 5 0 B2 HP RIS AR o
fE M RSB R LR B E P AR A AT RGN G

&

fFE RGBSR Gl BRSO Y iR S A Ak
Fopgadid L 0 FHAE BB o T A AP E AR 4.4 7
a%ﬁgnaﬁﬁlzq3w4ﬁﬁ%1%»$ﬁ%o

ZHEF GEFHTHOE

AR BT o POMEERILY % 1213148 F > & B
AEH & 35 16 B BB Cl o5 £ 7 GBCENVRB A o5 =1213
14047 BEF P Glhi  i=1-2~ ..., ~ 160 F R LM
pGEPGHEL(C  BFL K 16 BIC | hTIE E 0 T F 4
Epx £33 BXMF P AP E > EE = E > Eu,%*
B P E, o

[
5y E97

#

EEgr e AL S L AT R KB R 0 A~ B

id

/;EIJ’%&{’?IJQ Emax‘Emid‘Emm-— F]'»F’&mi}c.ﬂ j\z\:ﬁﬁ%—)‘,“‘
ﬁtﬁ£?$l%%T3W$%1

(1) £ Ea = Emax — Emid .. ........occccciiiiiiiiiiiiiiinn, (4.3)
£ Eb = Emid — Emin .. ... (4.4)
2) # S=1
@ Ea — Eb 2 Ts. . (4.5)



(3) #Si=
f%Eb — FEa =2 Ts (46)

..............................................

He e T, cmEB F 3 Pl A R BERAEE ok ) @
}%Tﬁ%fﬁ’@‘xkﬁ“m?\ :4;%*_#‘3.: Zﬁﬁ%mlé‘ﬁﬁ:9*l—b LLPB
HE TR ERS BT BN B EETRRE

Mf_min ’ ‘ﬁ ;h&-!' - aé‘-)i ﬂﬁi Sf_min m %E’ I'J ’ '!‘(\:";\‘ (4.7) o

%‘gé it = [ME.%’A ® 3 %?“qu/\ 1 T bit ek 75 »
H G E B [=16 P24 16 fﬁ%%ﬁfrﬁ;ﬁj‘zﬁ‘,{)\— B =Bk His o

Bd e BB ehit » A st (45) & 34 (4.6) REET F R
B rhs M BT S Kot B AN 5 B2 2 | B ik ¥
z 751]:»/F'I}EI K"H:F'tr%'é‘:a;(@ .Llﬁi}\' (45) E\‘ ( )

RS IS IR E S
R GRS RS (44) R (45) P e R A
W enfifo i se e VR R < SR ) SO P hiied (6
Epae > Epig > Epin 3= BiEehx | »i&m £ B 1 E, % E 2 FFehbd 4 o
S 24T 5] 3
(A)w Si=1
(H)If Ea — E» = Ts > goto (3)
Else goto (2)
(2) Amplify E,, and E,;, by G, > Attenuate E,,;; by G. » goto (1)
(3) End
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B)% Si=0
()If E» — Ea = Ts > goto (3)
Else goto (2)
(2) Amplity E,;; by G, » Attenuate E,,,, and E,,;, by G. » goto (1)
(3) End

b Eg e ol 4.14 A1 o B A BRG] AR A Tl
2R TE ST E T SR RS ORI
B G RRADB IR D E 0 B IRAGER G o A 57

it BRI S R i S 2 R B Tl
C/3k - & R % 16 7 Extended-Hanning window ( 4L § e 1/4 v
¢ 1/4 2= - B = & ¢ Hanning window ) > # & % ™ 4R %
( Enhancement Window ) » 4o 8] 4.15 o /] fcpFE #-Cl 5kt - B &
B & 16 Al & ( Contraction Window ) » 4] 4.16 <

BISL BB ecisin ] A GlkRE TR AEF 5o hdte £ AR
ABREeRRSFERE TS 75 FHBLEF G-

4 E
Emax——} m ax
Emia —= T =} Enid
E . __/ m in

B 4ld 4~ S=1p L& ET LR



BRIk LR

1.003
1.002 -
1.001 -

1 1 1 1 1 1 1 1

0 2 4 6 8 10 12 14 16

Bl 4.15 5% it AR &

1
0.999 -
0.998
0997 L L L L L L L

0 2 4 6 8 10 12 14 16

Bl 4.16 Frili &

4.4 FHBIEEF ZFH

Audio Input
X* lidi X * *
s S.ldmg ss WP - Y | Sync_Word
Window Decomposition Extraction
| I
Shift
1 Sample
N Sync_Word Watermark
Correct ? Extraction

Bl 4.17 % B A0F 554 L in A F]

&
(%
b

Yol 417 S H0F 2 PR h B HIER c SEH A
H

£ EEEESEF R X AP e ik 2

R
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B A BB Rk 2w 0 % AB bR i E X B
B ¥ feadsgh it
0 O3S g ik L) S0 E 2B e R4S BE 0 e s PP - =
A BEREREF R AL F LM EL AR B - BEAS
L k&4 % (Sliding Window) » % £ & L h¥ =5 § =B #c > i
BLEN- BREFHBR» DF 2L B FEARE A 4o 04 PR T
Bh 0 SEFEARTERD L BIIEE B OTE WY » B 5B
Qb e AT A 29 B AR Gl P D EIEEL I ¢ s 12513
45HEF Gl Cy > KU RIEHBILIE SR
FPR B B AL Aol $o8 B AP - R L RSO P
GHEBGHE L |CU 18 B R 16 B(CU | ehT iR By > £ Euu
T3 BHRIEF Y B ADE, EnEnEAmE, o En Ehhk
T Ey 0 £ 4 Eo= Epae— Enia * Ep = Epia — Enin
B adRi o REBEJI*Y EAZ2 E BB ia e ik Hh
B S| OEBA Kk 4o A BTk
(A)£ E« — Eb > 0
Rl S =1 -
(B)x£ Esb — Ea > 0
Rl 26 S =0«

FRHBOER =16 P /a2 16 B3 =i v 18P - &2

16 B ehFfl > Bt FEh- AFHERB/AH o FEF

WREH Aple o P EALE o+ d - BERE L E4F F S dEF 5

B § EB s ATHERNEIPRE LTS SHOFIRH

3 feehdeghe SRR o dopt L 42 & 40 ehli g oK B E B
RN S TR SN R R
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&

FIF PHRBEFEIN

Aim 2 R PRS0 A H 5 ( Monophonic ) ~ CD & &
(PHIFF 441 kHz > E P58 16 247 ) 2283 kivh ki

FRE G G o AR P ERRE - HRRBR L& C S
#% e A0 B A R % PC Pentium IIT 800 i& 7 83 2 -] L~ 45 ~ &

= e oK B and » ~ ZB$ iF o 0w MatLab ~ Cool-Editor
FP M A TR 2 A E e BIREOEF T S RT
(cello): &8¢ (chorus)> & & (flute ) F# (guitar) > ~4E%
(harpsichord ) > 5L & (horn) - & 4% % (lute) % & (orchestra)’ &
B %5 (organ) ’ 4% ¥ (piano) > #|v~ (trumpet) ’ -] #& ¥ (violin) o

5 M ELATH m?’g;%?;ﬁ!w % Gk ’,f‘f-;’;z""“r%,\)\mz“ Ao BB
3 hE R L 200 B4R 0 £ 204800 B BB o

ORI E S fAF R B ~ 32 0 fE 5 Level 1 2 Level 20 & f&
Sk ihE oW A +ﬂs*?\)\ AR E AR R ] e 4101 &R e ] IR
FEBE AL CHMEIZMEI- A Level 1 2 Level 2 4 &) 43t !

® Level 1 : 54 #FE [N e] gk S48 (Bl d Bioim igok & 4t
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® Level2:#Ff T 2 #FE D1 P o] S 4F A R dics 1% 5 Bl

251 39 BBILES 2523 RASBOATHRE S5

T 12 fARIFEES ¢ o Level 1 eh? 2 L3058 B3 =+ qu,\/\ 47 B
= > Level 2 en™ £ L 355 B f =7 ”*1/‘)‘ 59 B~ oLevel 1 %2

Level 2 (% k& % £ et B 4@ 5.1 #7177 o

% 5.1 L3355 B3 =7 4 » ehiz ~ ¥k ( Bits/Frame )

#E 2 fello chorus flute guitar harpsichord lhorn
Level 1 5.171717  @4.717172  4.540404  ©4.292929  4.535354 4272727
Level 2 16.550505  16.207071  [5.59596 5.40404 5.959596 5.863636
# X - |lute orchestra |organ piano trumpet  |violin
Level 1 15.005051  [5.020202  14.792929  14.939394  14.893939 1.085859
Level 2 |5.515152  6.368687  [5.828283  16.136364  6.530303 5.439394
52 St 1288 BT 40 ARt i (Bity/Frame)
St iE |Average [Max Min
Level 1 J.688973 [5.171717 14.085859
Level 2 15.949916 6.550505 [5.40404
7
2 Olevel 1
4 M level 2
3
\o%@,%&@@@@@.o@\w
@$@®M§§9@ ®§§§%§§§§>
« ©
Bl 5.1 Level 1 2 Level 2 i%-k& % € ( Bits/Frame )
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R ol sl SRR RRIET - e Lk - R E N I
B NI RER R Rt fi o m L7 2 12 SSNR ( Segment Signal
to Noise Ratio ) & fart fiz o

d 5.1.1 & ¥ s Level 1 2 Level 2 53R E & % fr > Fpt 3L
FEABAE L i PEERE L B F 3 Level 1 2 Level 2 607
i2 o Level 1 4 » 28 x 28 1 f§k Bherig K& > 4] 5.2 (a)  Level 2 4%
» 32X 32 1B ik BEeE K B 0 ho ] 5.2 (b) o

VAP VAP
LAB LAB
(a) (b)

Bl 5.2 #ci== PFi%-ke (a)Level 1 28x28) (b) Level 2 (32 x 32)

- > 2L
%ﬁ?} ?\??I"r-'
2wl Level 1 2 Level 2 607 3 8- ¢ it etz = P25 K BP gt ~

CFRUBLY I T R o R B (S RS LB E LS 2 SSNR ki

¥

TR > Bk dcd 532 4 5402 %87 Level | 2 Level 2

oy
R

N

&

g 3 ?SSNR_I{;J:FK*); 40dB 2 F > @ Level 1 2 Level 2 # 3

B

Fengd Bac 53 407 » AP Level 2 d ¥4t » chllei = Ff ¥
K
LU €540 9% 1dB 2+ o

\

et o TALE g S 0 F1t Level 2 57 SSNR ¢+ Level | ff £ - iz
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»EL |cello chorus flute guitar harpsichord/horn
level 1 }47.2851 44.80901  38.69367  ¥43.7297 42.64123 1275827
level 2 146.63657  {43.6281 37.31249  W41.16777  ¥2.40325 13.58095
#E t lute orchestra |organ piano trumpet  |violin
level 1 Y5. 77076  |45.63687  [48.32864  W7.7714 39.97727 4467887
level 2 ¥5.14637  [44.181 46.206271  45.66009  [37.45922 13.84455

35453 2B TS F s E (dB)

SuitiE |Average Max Min
level 1 K¥4.34007 |48.32864 |38.69367
level 2 |3.10692 U6.63657 [37.31249

49
2
43 B Olevel 1
‘3% M level 2
37
35
P & & L& &S
@@0\ > \“\Q\\ 3 \?Q@“ & &@@Q &
$© $ AV
@@ °
Bl 53 Level 1 2 Level2 #3 § 5 (dB)
D R
BABETIEE 2 R 0 3% 2 245" Preference Ratio i 5 37
iRl AP E] 20 BRI 0 RIES B3 F BRI E S A
B - 5 R4 0 ¥ - RS ke 0 % 2 gk
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# 55Level | EEHF b

Instrument Original Watermarked
Cello 47.5% 52.5%
Chorus 60.0 % 40.0 %
Flute 47.5% 52.5%
Guitar 45.0 % 55.0 %
Harpsichord 52.5% 47.5%
Horn 50.0 % 50.0 %
Lute 47.5 % 52.5%
Orchestra 52.5% 47.5 %
Organ 52.5% 47.5%
Piano 47.5% 52.5%
Trumpet 37.5% 62.5 %
Violin 50.0 % 50.0 %

% 5.6Level 2 FLE & 471 b
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Instrument Original Watermarked
Cello 45.0 % 55.5%
Chorus 62.5 % 37.5%
Flute 55.0 % 45.0 %
Guitar 52.5% 47.5 %
Harpsichord 52.5% 47.5 %
Horn 47.5 % 52.5%
Lute 50.0 % 50.0 %
Orchestra 65.0 % 35.0 %
Organ 60.0 % 40.0 %
Piano 37.5% 62.5 %
Trumpet 45.0 % 55.0 %
Violin 47.5% 52.5%

SRR T LG A xRk B
A2 g WK AT 7 R

NN

%

2R

B4

7

mly

2

5

¢r1 Preference Ratio 7
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5.2

iy

R R

BTl oK B BTN R PE S A PR K F hg AR GRS
#¥ MPEG Audio Layer-3 & ﬁ'q'}\ »FoK B (S e B RUR 4 1F‘ b
=~ BRI 32 ~ 256 Kbps # F R g1 5 o 5K B JO S MP3 £
FEAMEZPOERE g 4 o @ s i an®E 3 V% Normalized

Correlation (NC )k 1% 5 B & e > do38 (5.1) -

Y 2 X HX L))
Normalized Correlation NC)= —— ——— — ........... (5.1)

> 2lxank

X D RApok e

P QNI S e W5 L AR -2 el e A o

NC &€ Ai*t-1 ~ 1 2/ > A&423T7 1 £ 7 3is-kerafpin i
AXE o ARFIT O £ T B R BIR AR E o A -1 A7 Z B en
Aok e RdnaigokEr R 2Apk 0 4p g 2t BER =1 fiin o & 5.7 %
% 5.8 5 % P\?@éﬁfﬁfi;uﬁ“f Level 1 2 Level 2 * ;2«0 NC & - B8] 5.4

% B) 5.5 & % & Level 1 % Level2’$,z,ﬂfﬁﬁﬂn KB e
FoRENCE ((s3tiE ) B 2B 5.7 2 B 5.8 57 F =A% F

B A P\?@f{ﬁfi;wi?<“f prE B kool - PRIk ER o
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£57 3 PR EAFT Level | % 5aNC &

32 Kbps 48 Kbps [64 Kbps [96 Kbps [128 Kbps [256 Kbps
cello 0.831633 0.969388 (0.994898 |1 1 1
chorus 0.808673 0.969388 |1 1 1 1
flute 0.905612 10.977041 |1 1 1 1
guitar 0.767857 10.964286 (0.987245 0.997449 |1 1
harpsichord [0.704082 [0.915816 [0.982143 |1 1 1
horn 0.923469 10.984694 |1 1 1 1
lute 0.788265 10.931122 0.989796 |1 1 1
orchestra  [0.783163 10.959184 (0.989796 |l 1 1
organ 0.857143 10.987245 |1 1 1 1
[piano 0.92602 10.979592 0.994898 |1 1 1
trumpet 0.971939 10.969388 10.989796 |1 1 1
violin 0.831633 10.903061 (0.954082 |1 1 1
Average  [0.841624 0.959184 (0.990221 (0.999787 |1 1
Max 0.971939 0.987245 |1 1 1 1
Min 0.704082 10.903061 (0.954082 [0.997449 |1 1
1
0.9 /
0.8 —&— Average
/ —— Max
0.7 £ —aMin
0.6
0.5
32 48 04 96 128 256 Kbps

B 5.4 =% Level 1 ¥ /E.%{'ﬁii;uf*ﬁ—é’? NC & ehf %
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32 Kbps K48 Kbps [64 Kbps [96 Kbps [128 Kbps 256 Kbps

cello 0.787109 10.947266 0.996094 |1 1 1
chorus 0.744141 10.955078 10.996094 |1 1 1
flute 0.822266 0.958984 0.990234 |1 1 1
guitar 0.695313 10.917969 (0.980469 [0.998047 |1 1
harpsichord [0.691406 0.919922 10.986328 [0.998047 |1 1
horn 0.902344 10.996094 10.998047 |1 1 1
lute 0.771484 10.884766 0.974609 |1 1 1
orchestra  [0.757813 10.957031 (0.992188 |l 1 1
organ 0.818359 10.978516 |1 1 1 1
[piano 0.927734 10.992188 |1 1 1 1
trumpet 0.951172 10.978516 (0.988281 |1 1 1
violin 0.832031 0.953125 (0.982422 |1 1 1
Average  [0.808431 [0.953288 [0.990397 0.999675 |1 1
Max 0.951172 10.996094 |1 1 1 1
Min 0.691406 0.884766 (0.974609 [0.998047 |1 1

1 l//??.—._.i

0.9

0.8 // —&— Average

—— Max

0.7 'S —a—Min

0.6

0.5

32 483 64 96 128 256 Kbps

Bl 5.5 > % Level2 ¢ /E.%ﬁii;u’—?"—ﬁ’ NC & ek %
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VAP
LAR
Kbps =32
NC=0.83

(a)

ke

LA
Kbps =32
NC=0.70

(2

VAP
LAB
Kbps =32
NC=0.92

(m)

VAP

LAB
Kbps =48
NC=0.97

(b)

VAP

LAE
Kbps =48
NC=0.92

(h)

VAP

LAB
Kbps =48
NC=10.98

(n)

VAP
LAS

Kbps = 64
NC=0.99

(©)

VAP

LAB
Kbps = 64
NC=0.98

(1)

VAP
LABE

Kbps = 64
NC=1.0

(0)

VAP

LAB
Kbps =96
NC=1.0

(d)

VAP

LAB
Kbps =96
NC=1.0

@

VAP

LAB
Kbps =96
NC=1.0

(p)

VAP
LAB
Kbps = 128

NC=1.0

()

VAP
LAB
Kbps =128

NC=1.0

(k)

vAP

LAB
Kbps =128
NC=1.0

(@)

VAP
LAB
Kbps =256
NC=1.0

®

VAP
LAB
Kbps =256
NC=1.0

)

VAP

LAB
Kbps =256
NC=1.0

()

B 5.6 %% Level | ¥ > &7 b RE A F T 45 B2 5ok er

()~ (f)ip] 35

VAR
Kbps =32
NC=0.79

(a)

A
Kbps =32
NC=0.69

(2

VAP
LB
Kbps =32
NC=0.90

(m)

B 5.7 > % Level2 ®

> Y

o~

VAP
LAB
Kbps = 48
NC=10.95

(b)

VAP
LAB
Kbps =48
NC=0.92

(h)

VAP
LAB
Kbps =48
NC=0.99

(n)

o> Y

cello> (g)~ ()Rl # 3

VAP
LAB
Kbps = 64
NC=0.99

(c)

VAP
LAB
Kbps = 64
NC=0.99

(i)

VAP
LAB

Kbps = 64
NC=0.99

(0)

VAP
LAB

Kbps =96
NC=1.0

(d)

VAP
LAB

Kbps =96
NC=0.99

)

VAP
LAB

Kbps =96
NC=1.0

(p)

VAP
LAB

Kbps =128
NC=1.0

(e)

VAP
LAB

Kbps = 128
NC=1.0

(k)

VAP
LAB

Kbps = 128
NC=1.0

(@

% harpsichord’ (m)~(r)/Bl:# % 5 % horn

VAP
LAB

Kbps =256
NC=1.0

®

VAP
LAB

Kbps =256
NC=1.0

)

VAP
LAB

Kbps =256
NC=1.0

(r)

P R RS T AR Pl 2 oK Er

(@)~(DplE % F 5 cello’(g)~()ip]:# % F % harpsichord’ (m)~(r)if]3# % F % horn



EEPAEF T LE LA

d 4 574 582 H 54 ~ B 5T F oA ke
* MP3 B 5% b it > 45~ 5 & 48 Kbps 12} pF o> 5
== FEERE NC E * ’j]a’ 09 11 e R ﬂ/\ SEIE SN
iTom Level 1 22 Level 2 e W] 3% » Level 1 o 3t B a0 » 23048 B T
e SO Chl A o8 IR B e 0 @ d T A
AR AR RN TR F R AR R S SRR 0 AT
NC @4 @ Level 2% 7 4t » 45 L e Thlic?h - 0 § 40 M1 AR
I1 ] it #00d is & e ke 2 BIRE » 2 d M B 11 & £ o
AR B AT A R 0 T Level 2 $5 3UR SEITF e
gt Level 1 A #lc £ 7 — BLEE o
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5.3 Stirmark for Audio B|#

BT ohkauplRE Y 23 &9 g g ke iry m A
Stirmark for Audio % a5 3 %K BP eidp gE M piE > # % K A §_v0.2
R[12] 0 B P & 5 chirg so B NS AR A P o d N LR zE

AR P Moy RF B AR P B - LB (Bugs ) R

—

%

g

X
Xy

Ei

FEUBLEE RURE 0 E R T E S N 5 - B R

N

B SR ERE el R ALRITES Koo T Bt FERCERITER R R
%7 <% % (cello) £ % (flute) > =43 (harpsichord) » 5% %
(horn) > & 4% (lute)> % ® (orchestra) ¥ b ¥ (organ) - &k %
(piano ) » #w™ (trumpet )iz 4 A% F H -

&7 ¥ Jg Stirmark for Audio izt 38 4 283 F R Baiin
T A Mgk e Ty e e R E (2

¢ 7 voice_remove ~ add_fft noise ~ resampling ~ extra_stereo % 7 if *

By MR TS ) g TR B R-A2 (8313, o Stirmark 7
FABIDE AR K ETBEL AL & 59 5 Level 1 ehiplidis s » £

510 % Level 2 eriplz2 %% > B 5.8~ B 5.9 5 Level 1 ¢ 4 f&ip|: %
st % 0 B 510 B 5.1 5 5 Level 1 # 4 fARIF& 3 chiizt
X o

mH

ﬂ\%—
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% 5.9 Stirmark for Audio ¥t Level 1 » j# ¢ NC &

cello flute |harpsichord| horn lute orches2 | organ piano | trumpet | Average | Max Min
rc_highpass 762755 10.670918 [0.642857  10.57398  {0.683673 0.729592 [0.755102 10.696429 {0.721939 10.693027 (0.762755 0.57398
c_lowpass .997449 |1 0.994898  [0.977041 |1 0.997449 10.997449 |1 997449 10.995748 |1 0.977041
addnoise_100 .056633 10.961735 {0.982143 .846939 (0.880102 0.987245 [0.997449 10.97449 10.959184 10.949547 10.997449 10.846939
addnoise_300 .905612 10.918367 {0.918367 767857 [0.658163 0.931122 [0.987245 0.905612 [0.65051 ]0.849206 [0.987245 [0.65051
addnoise_500 .857143 10.877551 {0.82398 0.755102 10.609694 [0.928571 0.977041 [0.882653 0.602041 |0.812642 10.977041 [0.602041
ddnoise_700 .82398 10834184 10.711735 734694 (0.545918 10.910714 [0.979592 10.859694 {0.548469 10.772109 0.979592 10.545918
addnoise_900 798469 10.82398  0.642857 727041 (0487245 10.90051 [0.977041 10.852041 {0.505102 J0.746032 0.977041 10487245
ddbrumm_100  [0.984694 [0.964286 [0.997449  [0.931122 [0.961735 [0.992347 10.992347 [0.982143 |0.943878 [0.972222 0.997449 (0.931122
ddbrumm_1100 [0.966837 {0.895408 [0.880102  [0.852041 0.862245 [0.959184 10.951531 [0.915816 [0.829082 [0.901361 0.966837 [0.829082
ddbrumm_2100 10.954082 [0.890306 [0.816327  10.834184 (0.869898 10.943878 [0.956633 0.895408 [0.808673 0.885488 [0.956633 10.808673
ddbrumm_3100 0.94898 [0.872449 0.839286  10.813776 (0.836735 0.946429 [0.931122 10.908163 [0.811224 10.878685 [0.94898 0.811224
addbrumm_4100 [0.951531 10.877551 {0.808673  [0.813776 0.844388 [0.928571 10.94898 10.903061 [0.803571 [0.875567 [0.951531 10.803571
ddbrumm_5100 0.946429 [0.887755 [0.803571 0.831633 10.841837 [0.938776 10.928571 10.90051 [0.818878 0.877551 [0.946429 10.803571
ddbrumm_6100 0.938776 [0.877551 [0.795918  10.831633 (0.862245 0.941327 [0.943878 0.892857 {0.788265 10.874717 [0.943878 10.788265
addbrumm_7100 [0.923469 10.869898 10.803571 0.829082 0.844388 [0.918367 |0.933673 10.895408 (0.77551 [0.86593 [0.933673 10.77551
ddbrumm_8100 [0.918367 [0.844388 [0.798469  [0.82398 [0.846939 [0.918367 |0.92602 [0.895408 [0.811224 [0.864796 0.92602 [0.798469
ddbrumm_9100 0.92602 [0.880102 [0.793367  [0.821429 0.836735 [0.915816 [0.920918 [0.885204 0.77551 [0.861678 0.92602 [0.77551
ddbrumm_1010010.908163 [0.869898 [0.783163 .816327 (0.818878 0.897959 [0.923469 10.885204 10.790816 0.854875 10.923469 10.783163
normalize 1 1 1 1 1 1 1 1 1 1 1 1
amplify 1 1 1 1 1 1 1 1 1 1 1 1
addsinus .589286 10.57398  0.665816  0.596939 [0.428571 0.854592 [0.742347 0.813776 [0.502551 ]0.640873 [0.854592 0.428571
lcompressor 1 1 1 1 1 1 1 1 1 1 1 1
utsamples .002551 10.08929 10.206633  [0.005102 [0.09949  [0.015306 |0.071429 10.102041 (0.196429 [0.067744 (0.206633 [-0.08929
zerocross 1408163 10.316327 0.556122  [0.479592 0.334184 [0.992347 0.854592 10.903061 [0.367347 0.579082 [0.992347 10.316327
zerolength -0.01786 0.048469 (0.117347 .020408 [0.140306 0.017857 [0.005102 0.102041 [0.15051 ]0.064909 [0.15051 }-0.01786
zeroremove -0.09694 10.07398 (0.084184  10.076531 [0.112245 10.045918 -0.09184 [-0.0051 [0.214286 |0.045918 [0.214286 [-0.09694
fft_hlpass 783163 10.826531 0.808673  [0.788265 0.772959 [0.831633 |0.895408 10.836735 (0.82398 [0.818594 [0.895408 10.772959
flippsample .673469 10.602041 (0.614796 10497449 [0.553571 0.579082 [0.576531 0.579082 [0.670918 ]0.594104 [0.673469 [0.497449
copysample .040816 |-0.01786 {0.135204  0.119898 [0.094388 10.022959 [-0.05102 |0 0.188776 10.05924 {0.188776 |-0.05102
stat] 1997449 10.992347 10.984694  [0.97449 |1 0.997449 10.997449 |1 0.994898 0.993197 |1 0.97449
stat2 1 1 1 1 1 1 1 1 1 1 1 1
fft_statl 1492347 10.57398  0.589286  [0.446429 0.535714 [0.512755 0.392857 10.528061 [0.538265 0.512188 [0.589286 10.392857
echo .576531 10.543367 0.596939 10410714 [0.584184 10.459184 [0.428571 0.505102 [0.619898 ]0.524943 (0.619898 [0.410714
fft_test 1459184 10.561224 10.423469  [0.382653 0.456633 [0.522959 0.382653 10.484694 (0.403061 [0.452948 (0.561224 10.382653
exchange 1 1 1 1 1 1 1 1 1 1 1 1
smooth 1 1 1 1 1 1 1 1 1 1 1 1
smooth2 1 1 0.992347 1 1 1 1 1 1 99915 |1 0.992347
sbzero 1 1 1 1 1 1 1 1 1 1 1 1
ynnoise .051531 10.941327 0.959184  [0.793367 10.864796 [0.915816 |0.97449 10.90051 [0.946429 [0.916383 (0.97449 10.793367
(ft_real_reverse |1 1 1 1 1 1 1 1 1 1 1 1
invert -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 1 -1
fft_invert -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 1 -1
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4 5.10 Stirmark for Audio ¥ Level 2 = ;2 &7 NC &

cello flute |harpsichord| horn lute orches2 | organ piano | trumpet | Average | Max Min
rc_highpass 0.810547 0.730469 [0.712891  [0.71875 0.6875  |0.785156 (0.800781 [0.78125 [0.792969 [0.757813 0.810547 |0.6875
c_lowpass 0.998047 |1 0.992188  (0.982422 |1 0.998047 0.998047 10.998047 [0.994141 10.99566 |1 0.982422
addnoise_100 0.958984 10.960938 [0.994141  [0.908203 10.896484 [0.996094 10.994141 [0.980469 10.958984 [0.960938 0.996094 |0.896484
addnoise_300 0.923828 0.888672 [0.957031  |0.857422 10654297 (0.958984 (0.988281 [0.912109 [0.730469 [0.874566 |0.988281 (0.654297
addnoise_500 0.875 0.837891 10.861328  [0.806641 [0.583984 (0.9375 1980469 10.888672 |0.693359 0.829427 [0.980469 0.583984
addnoise_700 0.837891 10.800781 (0.75 0.783203 10.498047 10.9375 .972656 {0.871094 10.650391 [0.789063 10.972656 {0.498047
addnoise_900 0.791016 0.763672 (0.703125  (0.783203 10.486328 [0.925781 10.96875 [0.871094 10.583984 [0.764106 |0.96875 |0.486328
addbrumm_100  0.986328 [0.976563 0.996094  [0.960938 [0.962891 [0.988281 |0.986328 10.990234 [0.947266 10.977214 [0.996094 10.947266
addbrumm_1100 ]0.958984 [0.929688 [0.894531  [0.898438 [0.884766 [0.966797 0.96875 10.935547 [0.853516 0.921224 [0.96875 [0.853516
addbrumm_2100 ]0.958984 [0.916016 {0.857422  [0.900391 [0.878906 [0.970703 |0.964844 10.923828 [0.828125 0.911024 [0.970703 0.828125
addbrumm_3100 [0.955078 (0.914063 [0.84375 0.888672 10.871094 10.957031 (0.951172 10.921875 (0.824219 0.902995 [0.957031 0.824219
addbrumm_4100 [0.947266 (0.902344 10.839844  |0.894531 10.871094 {0.949219 (0.953125 10.898438 [0.837891 10.899306 [0.953125 0.837891
addbrumm_5100 ]0.929688 [0.896484 |0.833984  [0.892578 [0.873047 10.945313 10.949219 10.904297 [0.826172 0.894531 [0.949219 0.826172
addbrumm_6100 [0.933594 (0.896484 0.826172  {0.902344 10.863281 {0.957031 (0.960938 10.902344 [0.820313 ]0.895833 [0.960938 [0.820313
addbrumm_7100 [0.929688 (0.900391 [0.84375 0.902344 10.871094 0.9375  (0.931641 10.904297 (0.826172 10.894097 [0.9375  0.826172
addbrumm_8100 ]0.929688 [0.898438 [0.820313  [0.892578 [0.863281 0.943359 {0.933594 10.898438 [0.822266 0.889106 [0.943359 0.820313
addbrumm_9100 [0.921875 (0.894531 (0.822266  [0.894531 [0.853516 [0.933594 |0.923828 0.896484 [0.828125 0.885417 [0.933594 0.822266
addbrumm_10100J0.923828 (0.898438 [0.826172  |0.882813 0.865234 {0.931641 (0.941406 0.90625 [0.832031 0.889757 [0.941406 0.826172
normalize 1 1 1 1 1 1 1 1 1 1 1 1
amplify 1 1 1 1 1 1 1 1 1 1 1 1
addsinus 0.652344 10.605469 [0.707031  [0.660156 |0.478516 {0.898438 (0.775391 [0.841797 (0.632813 [0.694662 |0.898438 (0.478516
lcompressor 1 1 1 1 1 1 1 1 1 1 1 1
utsamples 0.019531 [-0.05078 [0.115234  -0.05664 [0.103516 [0.011719 10.041016 [0.019531 0.164063 [0.040799 0.164063 |-0.05664
zerocross 0.382813 0.353516 [0.517578  [0.480469 10.349609 [0.998047 0.830078 [0.876953 0.408203 [0.577474 10.998047 |0.349609
zerolength -0.00586 0.035156 [0.115234  {0.029297 10.103516 {0.070313 [0.023438 |0.068359 [0.103516 [0.06033 0.115234 |-0.00586
zeroremove -0.01367 10.023438 [0.085938  [0.164063 10.072266 [0.054688 [-0.09375 (0.023438 0.080078 [0.044054 10.164063 -0.09375
fft_hlpass 0.835938 0.867188 [0.794922  (0.878906 10.800781 [0.859375 10.912109 (0.873047 0.880859 [0.855903 10.912109 {0.794922
flippsample 0.626953 0.554688 [0.605469  [0.583984 10.613281 {0.539063 (0.572266 [0.603516 [0.650391 [0.594401 0.650391 {0.539063
copysample 0.035156 |-0.04883 [0.097656  |0.087891 10.066406 (0.052734 [0 0.021484 0.132813 [0.049479 10.132813 |-0.04883
stat] 1 0.996094 10.992188  10.974609 [0.998047 10.998047 (0.996094 |1 0.996094 10.994575 |1 0.974609
[stat2 1 1 1 1 1 1 1 1 1 1 1 1
Ifft_statl 0.484375 10.546875 [0.552734  (0.509766 10.533203 (0.552734 0.457031 [0.521484 10.566406 [0.524956 0.566406 |0.457031
fecho 0.566406 0.541016 [0.597656  [0.503906 |0.601563 {0.523438 [0.433594 10.556641 [0.642578 [0.551866 |0.642578 |0.433594
fft_test 0.488281 10.558594 (0447266  [0.501953 0.421875 {0.550781 [0.472656 [0.503906 [0.449219 [0.488281 0.558594 (0.421875
lexchange 1 1 1 1 1 1 1 1 1 1 1 1
smooth 1 1 1 1 1 1 1 1 1 1 1 1
smooth2 1 1 0.990234 |1 1 1 0.996094 |1 1 .998481 |1 0.990234
sbzero 1 1 1 1 1 1 1 1 1 1 1 1
ldynnoise 0.951172 10.947266 (0.976563  [0.876953 10.861328 (0.9375 .984375 {0.912109 10.966797 [0.934896 0.984375 |0.861328
fft_real_reverse |1 1 1 1 0.998047 |1 1 1 1 .999783 |1 0.998047
invert -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 1
fft_invert -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 1
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d 72 ¢ ehlig % ko normalize ~ amplify ~ compressor ~ exchange >
smooth ~ Isb_zero ~ fft_real reverse ¥ sz & J $Hfic i i5 KBl 5 i@ =
Z iR E > @ rc_lowpass ~ addnoise ~ addbrumm ~ fft hlpass ~ dynnoise

ST R kB i R B ¢ 2258 & & addnoise 300

bR R P OBE 3R N (> 03 A o frc_highpass % addsinus iz
T F R R PR SRS CNC EX35% 0.7 =+ 5210

Rendieiz 2 FRipok B < B FRLE Nk -

@ cutsamples ~ zerocross ~ zerolength ~ flippsample ~ copysample ~
echo ¥ 32 # P € + g & hpl R Bic i Ko e g aE dut F L ¢
¥ad 2 %"fxg X ERE P SR F B e ¢ g4 3

BEF¥E 'F% F| invert 2 fft invert (7 F B % % > &5 At F S I NC

A 1o kR F B el o Rk B fogh r PR elic S 1

KB E = 2P K a1 wj—hm;],\)\ E 4B 5.2 ch#ic o PRk ER > B
B ko enfic o FE R B R4 B] 5.12 AroT ke e R L= S

VAP
LAB =
(a) (b)

B 5.12 Invert e # 15 3B~ A ehfic i = PRk EP

(a) Level 1 (28 x28) (b) Level 2 (32 x 32)

i Stirmark for Audio 7¥73 Bl3E¢ » Ti2m 3 Level 2 17 &b
Level 1 e 2 sk erid — ghgk > o4 F] 5 Level 2 #74¢ » erolf & 4 ffl v
Level 1 & B » < 3|50 & B2 S 7 o BV BJ4p 3 e i 2 Level
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70 m #% 3| Stirmark for Audio ¢ resampling &7 rx# 3 R® 48> F]b
resampling )& §_12 Cool-Editor i& £ 5 1 AJE i 48 & BUp]3R o B3
# Fp AL A o R B S eni g L T4 down sampling ] 22.05 kHz
s > £ up sampling ¥| 44.1 kHz o B2 % % 7> & 5,110 d BliRE %

¥ 14 g ) resampling ¥ #c i gk B BT g LA o

# 5.11 Resampling s # {3 % B~ 41 % -k & NC &
22 2 fello chorus flute guitar harpsichord lhorn
Level 1 (0.992347 |1 0.997449  10.984694  0.997449 0.997449
Level 2 [0.996094 |1 0.998047  10.990234 |1 0.998047
£ E L |lute orchestra |organ piano trumpet  |violin
Level 1 |l 0.994898 |1 1 1 1
Level 2 |l 0.998047 |1 0.998047 |1 1

5.4 37 Rz

%%43%%@‘“F%%m%t’ﬁéﬁ@§§”ﬁ§§%$
ER S BEE STl A L ﬁ‘&ﬁ,z?’*;gkﬁ%rn' RS e
B ST el gk B B E 4 B R AR o
B A gt 2 PIRE 2 w0 VPR L PR PR BE A H O B R B

R B AR O R g LB REE T H R R

o

34

Bedieng KB NC B - B 5.13 5 Level 1 & ~,‘“‘87f§5‘32‘% SRL R
BLi# 0~99 Bhic g % o Bl 5.14 5 Level 2 > 2 H ¥ 8% 3 Sif
iR B4 0~99 BLis &k o B¢ dhend - F Bk gk gk
oo hhenE = NC & o
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d % nEsEvy NiFT A1 4 ~ 5 BB HUp
EBd g 3ok NC BB 7 2 A 08 11 5 A7 S5 BB ER
A% b pE s B m,;-}\EPm&g—;y-:},Tka EARE BT o Hfra Ay
T RS R RS £ LR S R

AL R > A %?%m&W&LW FEZE Bd %k oo

(1) D/A ~ A/D 2%

L Rl AR A 0 AP RRR SRS MRS s, H
oK ERE B & > ¥ 7 fe & D/A 27 A/D s kORI IE ok B aek
o FERTEAT AR R RO Rk d A
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AR 48 D/ASA/D el — R S 21 D/ASA/D (5
BIME R RMR V- AR EEE D/ANA/D > B g
SRR RIFEG ST R RT PRSI KE S 2 L Level 1o
mEHBE- BERG 160 =mEZ - ~F# 711110000111
100007 p2R 2% 4T B 5.15 5 £ # hR 4o 82 404 & cH PCM
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(b) guitar 4% % % 3
Bl 5.15 Guitar # 5 5 D/A ~ A/D {5 % & 3 5%

we VAR WAR AR
LAR LAB LAB LAB

Shift = 2879 Shift = 2880 Shift = 2881 Shift = 2882
NC=0.82 NC=0.86 NC=0.91 NC=0.86

(a) (b) (©) (d)
B 5.16 Guitar %3 255 % ()= # =45 2879 B B~ 2%
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(b) violin 4% % %
B] 5.17 Violin % % = D/A ~ A/D & % B j 53

VAR Vap VAP VSR
AR L8 LB LA

Shift = 2568 Shift = 2569 Shift = 2570 Shift = 2571
NC=0.75 NC=0.83 NC=0.85 NC=0.80

(a) (b) () (d)
B 5.18 Violin # 3 P|:¢ % % (a)+ & =4 2568 BE~{x 2k
(b)F 5k Er P 5 B % (c)F # A% 2570 B P~k gk
(d)= # =4 2571 BB~ g

R 506 Fe EF REE R kg o FEkE KA RIR

Beni % o & JF & 245 2880 BB EL € AP B Beiigok e

INC 8 H_0.86> @ A i £ §3 5 =4 B 8L & 2880 "iT45 F & i3

B B enE % 2= 2881 BEERELEF > #iciiR kB eh NC &

0910 223 25 ker KA plend: T ApE - B2 B 518 &
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(2) 7 Rz

PlE % % Mozart = Eine Kleine Nachtmusik, K525-2nd
Movement » #5~ 25 f) ~ B ¥ k2 r BB EF-LE > - e [
HAG | ke ] ek R G 250 B 420 25 fyens g 9T LA )
r» A4 [RhHB | FkE] TR - FAHABE- BERZ 16 =
HE - ~F 4 711110000111100007 5 @ #iziF-k e E
Level 1 en7 j2 o gt 25 fjaft » 5ok Er g endt g > 3 RER S )L 2

B S 104y RARTF BER G 10§ @5 5 Mt TR E g

ﬁ,;f])\ MFOKE kS Mg kB R BNk FEE KSR 5.19 -
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Documentation for ""Stirmark for Audio'" v0.2

This table shows you all attacks and the parameter used from the parameter file.

| Attack Name ‘ Description ‘used parameter
AddBrummfrom
AddBrumm Adds buzz or sinus tone to the sound. The unit of three values ||AddBrummto
are samples and for the frequency hertz (Hz). AddBrummstep
AddBrummPFreq
AddDynNoise ThlS attack adds a dynamic whlte noise part to the samples. The Dynnoise
given parameter sets the maximum noise value.
AddFFTNoise Adds white noise to the samples in the FFT room. The value FFTSIZE
"FFTNoise" sets the power of this attack to add the noise. FFTNoise
Adds in differnt steps white noise to the samples. The unity is in |Noisefrom
AddNoise sample values. The value "0" adds nothing and "32768" the Noiseto
absolite distorted maximum. Noisestep
Adds a sinus signal to the sound file. With this attack you can
AddSinus insert a disturb signal in the frequency band where the AddSinusFreq
watermark is located. The unity of the frequency parameter is | |AddSinusAmp
hertz (Hz) and samples.
Changes the loudness of the audio file. For example the value
Amplify "100" does not change the amplify and a value "50" means a Amplify
half loudness.
This attack works like a compressor. You can increase or
decrease the loudness of quitely passages. The unit of the
threshold is decibel (dB). The "CompressValue" describes how
nyn ThresholdDB
Compressor the sample can be changed. "2" means that the loundness of all CompressValue
samples in the threshold will be the half. If the value is less than P
"1", the compressor is an expander and will increase the
loundness.
Is like the FlippSample attack but this attack copies the samples Pgriod .
CopySample . . . S FlippDist
between the samples with a distance of FlippDist=. .
FlippCount
Removes samples from the audio file. If the value of "Remove" Remove
CutSamples is "10000" then this attack removes every "10000" samples
" " 1 RemoveNumber
RemoveNumber" samples periodic.
Adds an echo to the sound file. The given value means the .
Echo . Period
distance the echo.
Exchange Swaps two sequent samples for all samples
Increases the stereo part of the file. If the file does not have a ExtraStercofrom
ExtraStereo . ExtraStereoto
stereo part (expl. mono), then this attack do not have an effect
ExtraStereostep

FFT HLPassQuick ‘]S like the RC-High- and RC-LowPass attack and use the same | |FFTSIZE
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frequencys from the parameter file. FFT window size can be set ||HighPassFreq
with the "FFTSIZE" parameter. This attack do not fade between |LowPassFreq

the FFT windows so it is possible to hear knacks

|FFT_Invert ‘Inverts all samples (real and imaginary part) in the FFT room. ‘FFTSIZE
|FFT_RealReverse ’Reverses only the real part from the FFT. ‘FFTSIZE
[FFT_Statl |Attack ..... |
FFT Test I will do some tests on this attack. At present I swap some FFTSIZE
- samples inside from FFT.
Swaps samples inside the sound file periodically. It swaps every Period
. "Period" "FlippCount" samples with samples which have a .
FlippSample . "ot s o FlippCount
distance of "FlippDist". FlioDist
Important: Period > FlipDist > FlipCount! (PICTURE) PP
|Invert ’Inverts all samples in the audiofile. ‘
|LSBZero ‘This attack sets all LSB to "0" (zero). ‘
|Norma1ize ‘Normalize the amplify to the maximum value. ‘
This attack does nothing with the audio file. The watermark
Nothing sould be retrieved. If not, the watermarking algorithm can be a
snake oel!
RC-HighPass Slmulgtes a high pass filter build with a resistance (R) and a HighPassFreq
capacitor (C).
|RC—LowPass ‘Simulates a low pass filter like RC-HighPass. ‘LowPassFreq
|Resampling ’Changes the sample rate of the sound file. ‘SampleRate
Smooth This attack smooth the samples. The seting sample value
depends on the samples before and after the modify point.
Is like Smooth, but the neighbor samples are voted a little bit
Smooth2 .
different.
|Stat1 |Attack ... \
Stat2 |Attack ..... |
Is the opposite to ExtraSterco. This attack removes the mono
VoiceRemove part of the file (mostly where the voice is). If the file do not
have a stereo part (expl. only mono) then everything will be
removed.
0 é s1IMEF—] This attack
0.6 is like a
0.4 limiter. If
U‘% II'| |'II | J'I ! JII 1] the sample
ZeroCross g*i _Ill' 'Ir \l'l II’ ]\‘u "" ]l\ Value. is less ZeroCross
o the given
N N\ N\ e
= 7 = D : (threshold -
- blue line),
all samples are set to zero (green line).
If a sample value is exactly "0" (zero) then this attack inserts
ZeroLength more samples with the value "0" (zero). (PICTURE) ZeroLength
ZeroRemove This attack removes all samples where the value is "0" (zero). ‘
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This table shows you the signal after special attacks.
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The attacks are used with very high parameters to see what are changed. if you use
normal parameters, then you can't see a differnece between the original and attackd

file.

changes

|Attack nameH

original

invert

exchange

normalize

resampling
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ZErocross

zerolegth

zerocremove ||!

addbrumm
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