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Providing information which synchronized with the audio signal
reproduced by loudspeakers using audio watermark
— A system for displaying Karaoke lyrics —
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Abstract A watermarking technique using subband amplitude modulation was applied to a prototype system
that displays Karaoke lyrics synchronously with the watermarked audio signal reproduced by loudspeakers. A dis-
tinctive feature of the system is the separation of the reproduction system and the display system for lyrics. The
watermarking technique is robust against reflections and reverberations, because the technique applies relatively
slow amplitude modulation in a long embedding frame of several seconds. The technique can cancel additive
noise in the detection stage. The robustness of the system was evaluated by a computer simulation in terms of
the correct rate of data transmission under reverberant and noisy conditions reproduced by a loudspeaker. The
results showed that the performance of detection and the temporal precision of synchronization of display were

sufficient.



DA

100ms

AD

AD

Mixin
f [¢]

A .
11 "7 =Fr -:01 Watermark is embedded

1 ! by Phase Shift Keyin
\/ /\/ N y ying

Inverse Amplitude

I [ /
VA AV A AV S cpands

Subband grouping
based on a secret key

X, pilot subband groub Frequency
Fig. 1
2
[1]
2]
3.
(3], [6], [7]
3.1
2
2
(1 )
/2 4 PSK
3.2
FFT
1



Table 1
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Table 2

Parameters Values
bit rate 43 bps
sampl. freq. 44100 Hz
freq. region < 11025 Hz
subband pairs 64
subband groups 17
frame period 3s
mod. freq. [Hz] 1.67, 2.0, 2.33, 3.0
watermarking intensity +12 dB
RWC (RWC-
MDB-P2001) [g] 100
60 2
5.1
ITU-R BS.1387-1 PEAQ(Perceptual
Evaluation of Audio Quality) (
) ( )
(ITU-R BS.1116-1)
Kabel [9] PEAQ
MP3
3
43 bps MP3
96kbps(48kbps/ch) 128kbps(64kbps/ch)
+ 1
MP3 96kbps
128kbps
PEAQ MP3
5.2

Very annoying: -4

Annoying: -3
Slightly L
annoying: -2

Perceptible, |
but not annoying: -

N
——

Objective Difference Grade

Imperceptible: 0 : .
Watermarked MP3 MP3

43 bps D%Gr;ggt?on 128 kbps
Fig. 3 PEAQ + 1
RWC-MDB-P2001 100
RWC
1.3
( : ir130.dat)
4 (
) ( 500 Hz -9
dB/oct. : )
)
(SNR) 15dB
0.125
(+18 dB )
SNR  30dB
+12dB 100 5
500
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