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Multiple Audio Watermarking using Quantization Index
Modulation on Frequency Phase and Magnitude Response
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ABSTRACT: This paper describes a multiple audio watermarking using Quantization Index Modulation (QIM)
on frequency phase and magnitude response. Proposed embedding procedure is composed of two stage. At the first
stage, the watermark is embedded on the frequency phase response using QIM. In the second stage, the watermark
is embedded using adaptive QIM with the step-size that is adaptively determined using the maximum value of the
frequency magnitude response of every frame. The watermark is extracted by calculating the Euclidean distance
as the blind detection. The proposed method is robust against most of attacks of audio watermark benchmarking.
For the Fourier attacks, the proposed method shows over 95% recovery rate.
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Fig. 1. Block diagram of the watermark embedding process.
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Table 1. Attacks for robustness test.

Attack Description Benchmarking
None | This process does not affect the audio signal, it is a simple bypass. StirMark
LPF Low pass filtering with cut-off frequency of 15kHz. StirMark
BPF Band pass filtering with cut-off frequency of 100Hz~6kHz. SDMI
HPF | High pass filtering with cut-off frequency of 150Hz. StirMark
NA Add white noise to the audio signal with —10dB signal-to-noise ratio. STEP2000
Echo | Add an quite echo to the audio signal with parameters: 100ms delay and 0.5 feedback coefficient. SDMI
Crop | Cut and replace samples of arbitrary part of the audio signal whose duration is 2 seconds. -
Res Change the sampling rate of the audio signal from 48kHz to 44.1kHz. SDMI
AC Compress the amplitude by changing quantization bit from 16bit to 8bit. STEP2000
Norm | Normalize the amplitude using the maximum value. StirMark
Inv Invert all samples in the audio signal, like a 180 degree phase shift. StirMark
FFTinv | Invert the real and imaginary part of the sample values in the frequency domain. StirMark
FFTRR | Reverse only the real part of the audio signal in the frequency domain. StirMark
LSBZ | Set all least significant bit (LSB) to zero. StirMark
Codes | Compress the audio signal with MPEG-1 Audio Layer 3 SDMI
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Table 2. Seven watermarking algorithms for comparison.

Comparison -
method Description

P Proposed method

Ml Embedding watermarks into the frequency phase response by phase quantization using sinusoidal modeling
of the speech.

M2 Embedding watermarks into the absolute frequency phase response corresponding to each harmonic by QIM
in the STFT domain.

M3 Embedding watermarks into the frequency magnitude response using adaptive QIM.
Embedding watermarks into the frequency magnitude response of the selected signal using adaptive QIM.

M4 The target signal is decomposed into the subband by wavelet packet transform and the signal is selected by
the subband power-based criterion.

M5 Cox’s method

M6 Embedding watermarks into the largest 300 samples of DCT coefficients except DC value by using Cox’s method.

M7 Embedding watermarks into the DCT coefficients whose value is distributed in the range from 0.3 to 0.4
by using Cox’s method.

vt oarote|x] 323 M1 (2013)



Foh A S HH 7] Sl QME o-8=1 HhE 21 2 H{Eub] 77

BEARIRE Aol BN BAE 4 gk 9B
H}E2 ARISE S0l B2l of3) Hetrl 49 ¢
Hutag P& 4 §l7] vRolh. e Alerst
oo Fukt 1 S AAE Yo 9
uFELE AR5 Bl SEluka Al o] BotA
057} 32 o] )3 A E el eh sk 9leut
=19] ofo] FH3to] FFTRR F2] o9 42182
Holi Aolth. Hla thAFSo] Fui GeofAe
S22 b7 WA ol & 2 o) Aok
Ao] FFTRR 32]o] 215hch B4 75 ust
o e AR S A0 SRl wet et
2 =91go] tha: Wolx: AAS 2 4 gt o
2 So] wjofie 123301 79 Echo 320 A] 84.65%
Crop B oAl 89.67%¢] 29122 R er. o]
MI~M42] HAlof w2 59183 1|5 2o

ZFlstad ot 10 o442 2 fFAHES 7HAI= cox ]
QLA]-EH o AHEY H}-/Kljl]- H]ﬂ—a‘]—tﬂ AN, 01

A= Aol ofuf Ak Al o] EEUAE A
AFsle 24448, 3. 2224 o] A2 hE 52 of| Higl
&) I AATH0~ 19 Ao vlshy vl &
2 3toltt. ol = e A Helgo] \Al R E o] 9L
& v lfﬂhﬂolt} 1007F2] 2] SJEjmp=5 A8 Ad 5t

of Aget Ax}, HU&ol Hrhate 72} 98.08%,
100"/&%1 & =7 YeERtom o33t dARL o
24 415, S 4] got w4 T 4 91
olef et 2k lefo} 0] wfef Ak Hh4 9] )
&I Y A e 9t a8 229
A7} Acka A BE B o] obd 7H5A
iz A2 ohu Tk Tlofte Aol A MAS] WalE
/\FQ‘O}C’# HHU}E—@} 8}*7 HPF #zﬂ, o A=W

L e L

e

o

e ol ARKEL S WA 7
2191 YEloh7) A ST 0 WAL 1) o] &

Ejolz B 7o) A1 0.2 o Zeleh S48 Rl
235 elof] B2olH Snajel Zelae Uehyo
+t|, FFTinv 524 Z

ol A= 2F98%01 9] i‘ﬂ%-% 17k 1S 2= 9) 9}

Iv. 28 H =1
= BoAL 2 91 gt 27] S
QM A& o] 510] EjukaLS Al s el
ok 9JEnk Al Alokstetrh. StriMark, SDML
STEP2000 12517 M5 37 F 157148
AEjste] Hl i W AHETH 418 A5 o 2 A
Qe WA ol F2jo] M £ A 13 B4
2 mg o PR F AN E A2 el
3t AT mgith BeUgo] th ol A9t
oA o] 2 AP H 02 Y= YAato]
AFGRICHE o] B9 4 Glek. A 7 WX}y
2 9ol A S 4L Al9lshE e 0o

S8 s Aok & Aelch

Al 2

o] E-2 WYEE HR(@EI| &) 3
210 2 S TAC] 2] 2L ol S 179
(No. 2011-0014554).

]

23

[

1. M. D. Swanson, B. Z hu, and A. H. Tewfik, “Robust
audio watermarking using perceptual masking,” Signal
Process. 66, 337-355 (1998).

2. D. Kirovski and H. Malvar, “Robust spread-spectrum
audio watermarking,” in Proc. IEEE ICASSP 2001, 3,
1345-1348 (2001).

3. N.Kalantari, S. Ahadi, and A. Kashi, “A Robust Audio
Watermarking Scheme Using Mean Quantization in
the Wavelet Transform Domain,” in Proc. IEEE
ISSPIT, 1673-1687 (1997).

4. W. Bender, D. Gruhl, N. Morimoto, and A. Lu,
“Statistical characteristic-based robust audio watermarking

The Journal of the Acoustical Society of Korea Vol.32, No.1 (2013)



78

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Aoz,

for resolving playback speed modification,” DSP 1
21, 110-117 (2011).
J.S.Lee, W. Y. Kim, and E. T. Lee, “Digital watermark
for protection of multimedia content” (in Korean) J.
ETRI 13, 42 (1998).

. W. Bender, D. Gruhl, and N. Morimoto, “Techniques

for data hiding,” J. IBM Systems 35, 313-336 (1996).

. X. Dong, M. F. Bocko, and Z. Ignjatovic, “Data hiding

via phase manipulation of audio signal,” in Proc.
IEEE ICASSP 5, 377-380 (2004).

. L. Girin and S. Marchand, “Watermarking of speech

signals using the sinusoidal model and frequency
modulation of the partials,” in Proc. IEEE ICASSP
1, 633-636 (2004).

. L Cox, J. Killian, F. Leighton, and T. Shamoon, “Secure

Spread Spectrum Watermarking for Multimedia
Data,” IEEE-T-IP 6, 1673-1687 (1997).

D. H. Woo, “Audio Watermarking Using Specific
Frequency Coefficients” (in Korean) J. Acoust. Soc.
Kr. 22, 269-275 (2003).

B. Chen and G. W. Wornell, “Quantization index
modulation: a class of provably good methods for
digital watermarking and information embedding,”
IEEE Trans. Inf. Theory, 47, 1423-1443 (2001).

M. Fan and H. Wang, “‘Chaos-based discrete fractional
Sine transform domain audio watermarking scheme,”
Comput. Electr. Eng., 35, 506-516 (2009).

A. Lang, Stirmark benchmark for audio, http://wwwiti.
cs.uni-magdeburg.de/~alang/smba.php, 2007.

Y. Lin and W. H. Abdulla, Audio watermarking for
copyright protection (University of Auckland, Auckland,
New Zealand, Tech.l Rep., No. 650, 2007).

JASRAC and NRI Ltd., “Announcement of Evaluation
Test Results for “STEP 2000,” International Evaluation
Project for Digital Watermark Technology for Music,”
http://www.jasrac.or.jp/watermark/ehoukoku. htm, 2000.
Y. Lin and W. H. Abdulla, “An Audio Watermarking
Method by Using Automatic Music Transcription
Information,” in Proc. ISITA 2010, 303-308 (2010).
Y. H. Lee, K. W. Lee, S. J. Kim, D. H. Won, H. K.
Yang, “A Study on Optimizing Quantization Steps for
QIM Watermarking Schemes,” J. Kr. Soc. Comput.
Inf. 16, 45-53 (2000).

Y. J. Seo, S. J. Cho, and U. P. Chong, “Watermarking
Algorithm using Power of Subbands Decomposed by
Wavelet Packet and QIM,” (in Korean) J. Kr. Multi-
media Soc. 11, 1431-1437 (2011).

J. S. Kang and S. J. Cho, “Audio Watermarking Using
Quantization Index Modulation on Significant Peaks
in Frequency Domain,” (in Korean) J. Acoust. Soc.
Kr. 30, 303-307 (2011).

vt oarote|x] 323 M1 (2013)

247, o)

| XX} oF

» M o Zl(Yejin Seo)

20023 28 At X7 |HAIAXIS S
ZEHE (TSI

o
20043 29 SAHH M7|FMAPHEAIA
ERE=inliEREIESIN
2011E 28 SN ZFEFYEELMS
THEARR)
(EA 2op) x|
DSP 28

=

I

ENCASEIRECIS =N

» X A Zl(Sangjin Cho)
199714 2 SAHCH MR EIHZSIAN
20023 28 St MXIZstniZstMAN
2007I_=| 25 EA|-|:|-| 94HE_-| ‘I EAI_S_%_!-
HZ LAY
20094 3% ~ x| 24t M7 ZeR
i im]
(Eal ‘:'0F> CIXIEAMS X2, &47|SE,
DSP 22

» M 9| Zl(Uipil Chong)

1978\ 28 SAtH XM7|SstaHZ St}

R 19805 22 AL 7B S ZEHAA

1986 1€l O|= Oregon State University
7| & AFEHSSIHSEHAL

o 1996 128 0|2 S2CH(Polytechnic) &
K-St ZetatAL

1986 92 ~ 1990 12€! O|=2 Bruckner
Mobile Electronics, Xt & A1 2IX|
Lof

10044 19l ~ 1906 5 DO|=2 F=Ci
(Polytechnic) CATT 224 Research Fellow

19974 38 ~ X S HIIZSE

ma

2011 3 ~ Sixf SAtH mefjHTA
A%

(Eta] 20 AMSX2|, THTIT DAt
25, YEoH




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


