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Study on the Amplitude Modification Audio Watermarking
Technique for Mixed Music with High Inaudibility
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Abstract In this paper, we propose a watermarking technology for a mixed music. The mixed music
means recreated music that contained a number of musics in one audio clip. Royalty associated with the
audio content is typically imposed by the full audio content. However, the calculation of royalties gives rise
to conflict between copyright holders and users in the mixed music because it uses not full audio content
but a fraction of that. To solve the conflict related with the mixed music, we propose a audio watermarking
technique that inserts different watermarks for each audio in the audio that make up the mixed music. The
proposed watermarking scheme might have poor SNR (signal to noise ratio) to embed to each audio clip.
To overcome poor SNR problem, we used inaudible pseudo random sequence which modifies typical pseudo
random sequence to canonical signed digit (CSD) form. The proposed method verifies the performance by
each watermark extraction and the time internal estimation valies from the mixed music.

Key Words : Digital contents, Mixed music, Audio watermarking, Inaudible random sequence, Copyright
protection
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Table 1. Examples of mixed music
Mixed . !
music Original music
A No. 101 201 401
Time(sec) 321 367 362
8 No. 204 503 303
Time(sec) 6.31 8.65 21.58
c No. 402 505 304
Time(sec) 742 347 315
5 No. 301 204 202
Time(sec) 6.28 598 287
o101 | 201 401
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Fig. 7. Example of mixed music A
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Fig. 8. Correlation calculation between the mixed music
A and sync. random sequence
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Table 2. Extracted oOriginal music and time from the
mixed music in Table 1

Mixed - )
music Original music
No. 101 201 401
A Time(sec) 319 343 322
No. 204 503 03
® Time(sec) 6.21 8.12 20.24
No. 402 505 04
© Time(sec) 7.10 323 31.22
No. 301 204 202
P Time(sec) 6.17 5.55 234

2 AT E At HEe] duEEs H
7Vet7] 9lske] Als o & SNR: signal to
noise ratio)E 40dB2 A3 Aejol A Aotek ¢

oo
oo
=

Holy gduelEe) Aevka F32 B o
R DAY AR F2T 5 YA FAs
o
AA



o]

U p do

2 o
e R

[

O

AN

AHEL‘_EO]%

ol A 204871 ¢
R o]EH o0 oF (00463
o Ao E

s 32768 A&

o
—

tjo
L
rl
ol
ol
N

1o 12

a2

)

o
-

2
dh s

204871 ¢}
gistel 57 Ad
7] wiEol 0.734%<]
Al AERAE &
2604 HERR HE

o
e, A
to mm M

o

i

Tﬁ do Mt
2

o

(0w <>

B

o2

A
rr
L

ofr
ol
=2

2
o, M px

dlo

o

2,

y o

)
o
tlo

o L
=
4 2
to 1

—
PN

o

¥2

o
2
2,

lEANA Mze &5tz

AEC T

> oo
o _& qu !
o

o
=
>

ol
ol
=
¥
Ho -
dlo

[

o,
2
o3t

4
oX,
o
rir
fo 4
2 oo
tjo
= N4 N

ml

o
=2
2

L.
I
Mo fo ok rfr U

>
>
oo
e
e
4 do xo
S U AU o

40
o

=2
N

2
255
[

N,

et
|

N
o mo = m) fu B do

=

[>
dlo
2

o] 37| WX o0 YEnY Jlzof et An 73

=

REFERENCES

[1] Chung-Ping Wu, Po-Chyi Su and C.-C. Jay
Kuo, "Robust and efficient digital audio
watermarking using audio content analysis”,
Proceedings of Security and Watermarking
of Multimedia Contents II, vol. SPIE 3971,
May, 2000.

P. A Tremblay and S. McLaughlin,
"Thinking Inside the Box: A New Integrated
Approach to Mixed Music Composition and

(2]

Performance”, Proceedings of International
Computer Music Conference, pp. 379-386,
2000.

[3] David Stein "Method and System for

Analyzing Copyright Information in a Mixed
Long-Format Audio File ", US patent No.
13/475, 2012.

[4 M W. Nam, Y. S. Lee, “ Study on the
inaudible random signal generation using CSD
coding,” KIECT, vol. 8 No. 4, pp. 263-269,
2015.

[5] S. Hentschke, A. Herrfeld, N. Reifschneider,
and D. Forster, "A flexible repetitive CSD

filter processor unit CMOS”,
Proceedings of ASIC Conference and Exhibit,
pp. 261-264, September, 1994.

[6] Wen-Nung Lie and Li-Chun Chang, "Robust

high-quality

based
amplitude modification”, IEEE Transactions on
Multimedia, Vol.8 , No. 1, pp. 46-59, 2006.

[71 Zh 14,

Junyong You, "Scale and rotation invariant

code in

and time—-domain audio

watermarking on low—frequency

Guizhong Liu, Yang Yang and

local binary pattern using scale adaptive text
on and subuniform based circular shift”, IEEE
Transactions on Image Processing, Vol. 21 ,
No. 4, pp. 2130-2140, 2011.

Xiangyang ~ Wang,

[8] Panpan Niub and



74 HIFEHREAI|LUY =2 FoH M

Hongying Yang, "A robust digital audio
watermarking based on statistics
characteristics,” Pattern Recognition, vol. 43,
pp. 1-8, 2009.

[9] M. D. Swanson, "Current state of the art,
challenges, and future directions for audio
watermarking, " Proc. IEEE Int. Conf.
Multimedia Computing and Systems, pp.19
-24, 1999.

[10 W. Lie and L. Chang, "Robust and
high—quality time-domain audio watermarking
subject to psychoacoustic masking,” Proc.
IEEE. Int. Symposium of Circuits and
Systems , vol. 2, pp. 45 —48 , 2002

A7

o] 9 A(Young-Seok Lee) [434]

o 19959 29 LA st o)
a9 AR (FSAD

o 19983 29 AeA st o)
k9 AAFE (et

e 19984 39 T A4 Aenea

AR} w

UAE AdzAg, Gelt= AxE,

<BAEoR .
gt °|-g A5 3

& A T(Se-gu Kang) (33 4]

o 201449 89 LU AT
sk} (FepAp)

o 20159 39 ~ AA : HLysu
RSP RET ER R
EREE




