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An audio digital watermarking algorithm in DCT domain
for air-channel transmitting
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Abstract: An audio sonic watermarking algorithm was proposed based on double DCT transform. The low-
frequency coefficients after the first DCT transform were chosen for the second DCT transform. Using the
method of modifying the coefficients in the double DCT domain, watermarking was embedded and in large
quantities. Experimental results indicate that the proposed algorithm has a good hidden effect, and it has
very good robustness, especially to 30% resample and MP3 compression attacks. Moreover, it can be
applied to transmitting situation via air channel, with bit error ranging from 1. 2% to 6. 5%.
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Fig. 1 Audio signal’s transmitting model via air channel
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Fig. 2 Diagram of watermarking algorithm
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Fig. 3 Diagram of embedding algorithm
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Fig. 9 Spectrum with embedded synchronous code
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Fig. 15 Diagram of extraction algorithm
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Tab.1 Test environment
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e R 18 T&.S SM-8B H 257 71
RN ALC655
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®2 WKPTAEHH WA AR T L Bk 0] LU RO IR T 2R, K B
Tab.2 Test samples B2 IE B R BUR B ik 96. 6 %, XK BN (S B kAT
WkREA K A5 BCH 2 4565 1] DL FRAIC DR A5 %K.
Pop. wav  Imin32s  BRHEHOAM A58, 5 SR AL ) BEE op 3.3 AEALBRNE
Folk. wav  Iminl6s 5 5048 5 5 b A1 J5 2k Bt 3 5 3 4 Sy T U B W T & 2 I T 2 )
Songl. wav 1mindls Mol —— B A e R R R R BRI, L2 7 KUE X 3546 0 0°, 25 45 & 30°,60°,
e ek oy TR G R RO

3.2 AEABREEEAES BHEENTN

S 1 DR AR B 22 v KR BSOS B ORINVAE
PRI 2% 0T 52 b 23 1) 52 il o A1) I A 1) 22 5 KU T 1Y
FEBS 43 %K 0.3,1.0, 1.5 m 25 {4, &% & 4> % W
20,60 %0 5100 20 S5 (B 1Y 0 T IR 58 1k i 1R A 6
gE IRk 3.6 4 Fios.

D 96 I« 7 35 3 1) 96 T80 o IO > 1Y 7 R

LR RIS AR, G5 R AN5R 5 Pis.
I 3 T LA 5 SR DA I T (L 22 57 L R

JKCET Y 4 B R /0N 6 BCH. 24 5 33005 T [ {1
TR 5

3.4 WNELESLBRENEEENK
XF ok i E 5 AT R WAF S A B Y.
normalize, re-quantization,low pass & , H & % P

AR ER 6 R,

£3 ARAEBETEXIREESIT (without BCH)
Tab.3 The error rate in different situation without BCH

Hm5EE
IR LA volume:20% volume: 60 % volume: 100 %
0.3 m 1.0 m 1.5m 0.3 m 1.0 m .5 m 0.3 m 1.0 m 1.5 m
Pop. wav 3% 4% 6% 3% 5% 4% 6% 4% 3%
Flok. wav 5% 3% 2% 4% 3% 3% 6% 5% 4%
Songl. wav 3% 3% 4% 5% 6% 2% 2% 5% 3%
Song2. wav 3% 2% 5% 4% 3% 4% 4% 6% 3%
Song3. wav 5% 6% 4% 2% 4% 2% 3% 4% 2%
*4 ARAEETEXRIRBESIT (with BCH)
Tab.4 The error rate in different situation with BCH
HmSEE
AR A volume:20 % volume: 60 % volume: 100 %
0.3 m 1.0 m 1.5m 0.3 m 1.0 m 1.5m 0.3 m 1.0 m 1.5m
Pop. wav 2% 3% 4% 2% 3% 3% 5% 3% 2%
Flok. wav 4% 2% 1% 3% 2% 2% 5% 4% 3%
Songl. wav 1% 3% 3% 5% 5% 2% 2% 3% 1%
Song2. wav 3% 1% 4% 2% 2% 3% 4% 5% 1%
Song3. wav 2% 4% 3% 1% 3% 1% 3% 4% 2%
K5 AAAMNTEXRIRBRIETHL
Tab.5 The error rate under situation with different orientation
biili s
MR AR 0° +60° +90°
without BCH  with BCH  without BCH  with BCH  without BCH  with BCH  without BCH  with BCH
Pop. wav 2.14% 1.12% 1.08% 2.91% 2.18% 1.02% 3.01% 1.53%
Flok. wav 3.32% 2.13% 2.26% 1.19% 4.12% 3.19% 4.35% 3.00%
Songl. wav 5.14% 4.01% 5.88% 1.67% 4.91% 3.62% 5.19% 3.92%
Song2. wav 3.91% 2.85% 4.13% 2.93% 3.29% 2.10% 4.03% 3.09%
Song3. wav 3.58% 2.29% 3.49% 1.76% 5.02% 3.83% 3.16% 2.01%
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Tab. 6 The error rate in the attacks of regular signal processing

By & v |
AL A normalize re-quantization 16—>32—>16 bit low pass 11.025 kHz
without BCH with BCH without BCH with BCH without BCH with BCH

Pop. wav 0.01% 0.00% 0.04% 0.02% 0.02% 0.01%
Folk. wav 0.00% 0.00% 0.07% 0.06% 0.03% 0.01%
Songl. wav 0.00% 0.00% 0.03% 0.02% 0.04% 0.02%
Song2. wav 0.01% 0.00% 0.01% 0.00% 0.14% 0.10%
Song3. wav 0.00% 0.00% 0.02% 0.00% 0.06% 0.03%

A2 B 92 55 1k RR B IR B R UL 1 15 5 Ak B K
i R AR R O 11, 025 kHz B9 K38 8 9
ST B BCH 2448 Ja i1 e 2 K I 1R 1 .
3.5 MEREREHEEENLK

Xif 5 il B A 5 R AT A A R B0 R HE I L
SR B R DR S A2 7 R,

RT ZEEAMNERBERHHIRBE
Tab.7 The error rate in the resample attack
PIEES
Bt 78
without BCH with BCH
—35% 15.12% 10.26%
—30% 8.91% 6.12%
—25% 6.87% 3.96%
—20% 3.72% 1.78%
—15% 1.42% 0.54%
—10% 0.81% 0.20%
—6% 0.17% 0.07%
—4% 0.08% 0.02%
—2% 0.01% 0.00%
+2% 0.01% 0.00%
+4% 0.02% 0.01%
+6 0.14%. 0.05%.
+10% 0.75% 0.18%
+15% 1.54% 0.57%
+20% 2.99% 1.80%
+25% 5.97% 3.89%
+30% 9.24% 5.97%
+35% 14.93% 10. 38 %

AR B 2R BE R AR HT 29 30 06 (Y TR AE I
i R e B 4. B BCH 24 45 4 15 g 0% B IR iR 5
PRI IR B G R

3.6 XTHMIE R E BN

Xof S S 3R A7 3 T StriMark benchmark for
audio WY 55 HAb o L 122 B4R B9 S 0 v i 2
RANE 8 s, ME# X IZAEE AT T MP3 R 45 4

IR RRE B A ST W R Aa e R B 1 L 7E IR
R S
R 8 ZEXEIE T StriMark benchmark for audio

I & IR B

Tab. 8 The error rate in the attacks

based on StriMark benchmark for audio

PRTES
Wi Al
without BCH with BCH

Addbrumm_100 0.01% 0.00%
Addbrumm_10100 0.02% 0.00%
Addsinus 0.02% 0.00%
Invert 0.03% 0.00%
Stat2 3.61% 2.18%
Addbrumm_1100 0.02% 0.00%
Nothing 2.11% 0.64%
Compressor 0.01% 0.00%
Original 0.02% 0.00%
Re-lowpass 7.46% 4.62%
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Tab.9 Test environment of contrast experiment
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Tab. 10  Bit error rate of contrast experiment

Bt
3B AR SCHk[8 ] ik A Sk
without BCH with BCH without BCH with BCH
Pop. wav 3.36% 1.99% 2.04% 1.12%
Folk. wav 5.19% 1.01% 4.07% 2.86%
Songl. wav 4.43% 3.25% 3.34% 1.89%
Song2. wav 5.21% 3.72% 3.16% 2.09%
Song3. wav 4.18% 2.96 % 2.27% 1.60%
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