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Multiple Audio Watermarks Based on Lifting Wavelet Transform
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Abstract An audio watermarking scheme which embedded robust and fragile watermark at the same time in lifting
wavelet domain is presented. Robust watermark is embedded in the low frequency range using mean quantization. It has
great robustness and imperceptibility. Fragile watermark is embedded in the high frequency range by quantizating single
coefficient, when the audio signal is tampered, the watermark information will change synchronously. So it can be used for
audio content integrity verification. The watermark can be extracted without the original digital audio signal. Experimental
results show that robust watermark is robust to many attacks, such as MP3 compression, low pass filtering, noise addition,

requantization, resampling and so on. Fragile watermark is very sensitive to these attacks.
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1 MP3 FEAEEE T, ASIFIE AR P &3 /K B B T LR &
(IRER ISR, MrEHRARHAE 1% LN, 1A RS
Lo 148 AR IK 64Kkbps MP3 EZE T, Sk K ENHR
UM AR AR, 78 5% LA, Al R R B
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AWK B R G B K BN SE A BB B 9T MP3 R4 Bt
MR, (HJE, ARFPEHR LA N, ZHUKE% 128kbps
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i TR R E R A O 45 e
52 MEETH
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FIE T, B RKEE B REN SE gtk . 2y
BRI, EARKEDSR R A e e, (HIIN A
WP D2 T R R S BRI S R IR,
REHHT R L TR KRR, B K ENEP TS T4
T EA IR SR RN, S UK B A R AR
SRI R, Zead R, SREURKENE BEEA B oV
Bl o

F 1 128kbps F3E MP3 [E4EI T TRYMIX AR
Tab.1 The experimental results after MP3 compression at 128kbps

Blues Classical Country Folk Pop
BER Robust 0.000000 0.000521 0.000521 0.000000 0.002083
Fragile 0.344792 0.270313 0.314583 0.418750 0.417187
SIM Robust 1.000000 0.999611 0.999611 1.000000 0.998445
Fragile 0.722824 0.786800 0.749665 0.654414 0.653356
gk %
oo | GRS FRa® | Farg TREE by, g
JKE
Fragile
% 2 64kbps FBE MP3 [EHEW T THIMIK AR
Tab.2 The experimental results after MP3 compression at 64kbps
Blues Classical Country Folk Pop
Robust 0.035937 0.000521 0.026562 0.013542 0.006250
BER
Fragile 0.494792 0.405729 0.486979 0.500000 0.499479
SIM Robust 0.973053 0.999611 0.980018 0.989867 0.995332
Fragile 0.581528 0.668572 0.591027 0.582042 0.577896
o | FRRE | FRAS | FRas Fag TR
JKED
Fragile
%3 20dB SETEMARE THIMIRER
Tab.3 The experimental results after 20dB noise addition attack
Blues Classical Country Folk Pop
BER Robust 0.000000 0.000000 0.000000 0.000000 0.000000
Fragile 0.485417 0.490625 0.489583 0.501563 0.504687
SIM Robust 1.000000 1.000000 1.000000 1.000000 1.000000
Fragile 0.588548 0.585439 0.582331 0.573406 0.571870
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x4 EXREFRETURAER

Tab.4 The experimental results after resampling attack

Blues Classical Country Folk Pop
BER Robust 0.006250 0.013021 0.000521 0.000000 0.001042
Fragile 0.497917 0.475000 0.484896 0.497917 0.500521
SIM Robust 0.995335 0.990270 0.999612 1.000000 0.999223
Fragile 0.584411 0.605051 0.597073 0.578811 0.576398
st | FRAE | FRRE | Frxt| FRAE | Frt
TKER o E
Fragile
F5 ESUHHFTMRER
Tab.5 The experimental results after requantization attack
Blues Classical Country Folk Pop
BER Robust 0.000000 0.000000 0.000000 0.000000 0.000000
Fragile 0.483854 0.489583 0.503646 0.370833 0.201042
SIM Robust 1.000000 1.000000 1.000000 1.000000 1.000000
Fragile 0.597108 0.587780 0.576078 0.698648 0.844186
@ % Faxrt| Faxs
Robust ‘i'itj_* ‘S‘-tk ?5‘*&' 1* 1*
JKEN
fl = 0 i 3 . '-::-.-:',-.-E%r; . .-‘:-} .!
Fragile m %@%ﬁ% ig*ﬁﬁ‘f




10 39 FibEs

s SEFRTH NI 2 AT S SUKED

1825

% 6 (RBIERKE TR

Tab.6 The experimental results after low-pass filtering attack

Blues Classical Country Folk Pop
Robust 0.003125 0.009375 0.000521 0.000000 0.001042
BER
Fragile 0.500000 0.483854 0.495833 0.491146 0.514062
SIM Robust 0.997667 0.992993 0.999612 1.000000 0.999223
Fragile 0.579075 0.593718 0.582379 0.583689 0.568327
- kx$ | FRrd
Robust ‘;‘5&*.‘» ?i&** ‘?i&*.‘- ?1# .ti
JKEN
Fragile
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