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2. Literature Review

AEnll A 23 EL 39 BE 237
H(Low-bit coding), 94 #3538 71 (Phase
coding), & AHEH 71%(Spread
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2.1. 39 vlExA7]1H(Low-bit coding)[2]
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2.2. 94 %33 71 (Phase coding)[2]
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2.3. #4249 EY 7|9 (SpreadSpectrum)[5]
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3. Generating Watermark Signals

3.1. Psychoacoustic modeling
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M =P)f" +PQR)f*+---+P(T)f +P®)

f: frequency, Hz
M : Modified absolute threshold of hearing
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3.2. Variable Gain of the Watermark
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s'(n+iN)=s(n+iN) + a u(n)
n:1,2--- N

s(n+iN): i¥A framed nHA A3
s'(n+iN): Embeded Signal
u(n) : Watermark Signal

o = max value in current frame/4000
N : frame size
3.3. The Overall Process
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4.1. Calculation of Ensemble Mean
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f(n)= —llgis(n +iN)

f(n): nAA FFE A

s(n+iN): i A framed n¥A A5

N : frame size

P : 9gnia #2E sdetsted Bad
frame &

n:1,2,--- N

4.2. circular cross—correlation

JAE B sequencedt kTHE YA ol R
Yeula sequence}® circular cross
correlation® T3Al HWA correlationd ¢
kAR X AuFoez Z gto] EAEA ©
=3

r=f(x)ou(x)
=inverse fit of [F"(X) -U(X)]

r : correlation functions
o : correlation

u(x) : watermark sequences
F*(X) : the complex conjugate of F(X)

5. Robustness Test

olal A= 16bit, 44.1kHz, Stereo&2t 5
o] g3t BlAE AFAZ 15% 49 Time-
windowoll A EIvIZE FE3 A4



: .. Channel
Signal Process Description
Left-ch Rigth-ch

no process Not attacked 100% 100%
Equalization Freq[Hz] + 6/-6dB 100% 100%
Band-pass filtering 100Hz-6kHz 70% 70%
ISO/IEC 11172-3:1993 (MP3) - 128kbps 100% 100%
Codec Q-Design — 64kbps 0% 100%
Windows Media Audio 100% 100%
Addition echo Maximum delay: 100ms 100% 100%

6. Conclusion
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