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0] 3| &, O] 4"
(Hee—Suk Lee®, Woo—Sun Lee*)

*Aucystin HBE{Sst}
(HeURE: 20030 38 199Y; £HUXL 20034 68 109; AMYURL: 20039 68 27Y)

¥ =2oME BY oAy B4& o8t 2t YEuk) 7iEE Akt WA 2o YEp) B4o g BY
utAA EAL BN 71E9) He)ed arEd 3l £ utAAE 2SR Fulg ABE| ois v)AZe)
W27} 71esi, 322 o7 As Aol dis] Az 4,30 g 3,9 Fuke A89) o] FAE v|wdtE vl A
HSLE BQlc}, o33t BY vtA# EAE ol 43t YEuiR) 7Y At Ak 7)1 U2 £9 3, ¢ Fatpo] of 1] %]
Aol vizdte] shte) Hejota HIES YA, Ag40) WA HIY 71§ o 83lo ¥izd B ntasg 2
3 Yy genia B|ES gashs 71yl Aicket 718 B AT 4F, dY E3 "=, M5 8g, Wy
Ne), Zok4: S30] 24 T, 2T} Bof ol 47 HF 05 0.1%, 12658 Bt 12T FRHY 24 WG
23} W SDG (Subjective Diff-Grades) -0,31¢] Zu}E gic},

g0 2o, fEn), BEY, A, Hel3

FaPok 3 ATAe Bof (1.2)

In this paper, we propose an audio watermarking method using the attribute of tonal masker, First, the attribute
of tonal masker as an audio watermarking attribute is analyzed. According to existing researches, it is possible to
be imperceptible modulation for the energies of the frequencies that compose a tonal masker, And when the relation
between the tone energy and the left or right frequency energy after various signal processing is compared with the
one before the processing, very few changes are showed, We propose an audio watermarking method using these
attributes of tonal masker, A watermark bit is embedded by the modulation of the difference hetween the two
neighboring frequency energies of a tone, In the detection, the modulated the tonal masker is searched using the
key used in the embedding without original audio and the embedded watermark bit is detected, After each attack
of noise insertion, band-pass filtering, re—sampling, compression, echo transform, and equalization, the detection
error ratios of the proposed method were average 0,11%, 1.26% for Classics and Pops. And the SDG (Subjective
Diff-Grades) scale evaluation of the sound quality of the watermarked audio result in the average SDG —0,31,
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ASK subject classification: Acoustic signal processing (1.2)
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frequency bands).
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Table t. Change ratio of tonal masker attributes on various
signal processing.
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Table 2. Audio data using experiments.

No . AT

i Besthoven-Symphony No. 5 ¢c~Moll/c-minor op.67
Allegro con brio

> Vovaldi-Spring E major
Allegro

3 Vovaldi-Spring E major

Danza pastrorale Allegro
Schubert-Symghony No 8 (n B Minor

4| Andante Con Mato
5 | Mozart-Hom Concerto No 2 E flt major (K 418)
Andante

6 | Sting-When We Dance

7 | Sting-English Man In New York
8 | Eminem-The Real Slim Shady

9 | Stan Getz-Sometimes I'm happy
10 | Sarah Vaughan-| cried for you
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Fig. 4. Distribution of tonal maskers at the successive
frames.
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Table 5. Average error ratio of the proposed watermark detection,
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Signal } . : :
_processing NO.1 NO.2 NO3 | NO4 | NOS N6 | NO7 NO.B NO9 | NO.10 fClassics| Pops
None 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000
Noise adding| 0.6000 | 0.0000 | 0.0000 | 0.0046 | 0.0000 | 0.0013 | 0.0000 | 0.0015 | 0.0174 | 0.0046 | 0.0009 ; 0.0050
BP filtering | 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0038 | 0.0017 | 0.0062 | 0.0000 | 0.0000 | 0.0000 | 0.0023
MP3
COMpression 0.0040 | 0.0000 | 0.0000 | 0.002¢ | 0.0023 | 0.0543 | 0.0608 | 0.0556 | 0.0521 | 0.0602 | 0.0017 | 0.0566
Re-sampling | 0.0000 | 0.0000 | 0.0000 | 0.000¢ | 0.0000 | 0.0000 | 0.0000 | 0.0000 { 0.0000 | 00046 | 0.0000 | 0.0009
tra%gf]grm 0.0050 | 0.0020 { 0.0017 | 0.0026 | 0.0046 | 0.0051 | 0.0000 | 0.0108 | 0.0208 | 0.0093 | 0.0032 | 0.0092
_Equalization 0.0030 | 0.0000 | 0.0000 | 0.0060 | 0.0023 | 0.0126 | 0.0035 | 0.0077 | 0.0347 | 0.0138 || 0.0023 | 0.0145
Average | 0.0017 | 0.0003 | 0.0002 | 0.0022 | 0.0013 | C.0110 | 0.0094 | 0.0117 | 0.0178 | 0.0132 || 0.0011 | 0.0126
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