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As the use of MP3 audio compression increased, the demand for the insertion of additive data about copyright or
information on music contents has been growed and the related research has been progressed actively, When an additive
data is inserted into MP3 bitstream, it should not to happen any distortion of music quality or the change of file
size, due to the modification of MP3 bitstream structure, In our study, to make these conditions satisfied, we inserted
some additive data to bitstream by modifying some bits of linbits among the quantized integer coefficients having
big values. At this time, we consider the characteristics of 2inbits and their distributions, As a result of subjective
sound quality test through MOS test, we confirmed that the quality of MOS 4,6 can be achieved at the data insertion
rate of 60 bytes/sec. Using the proposed method, it is possible to effectively insert an additive data such as copyright
information or information about media itself, so that various applications like audio database management can be
realized,

Reywords:! MP3, Digital watermarking, fixcess—15 quantized coefficients, Linbits, MOS test
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) Table No. Max Code ESC On/Off linbits Table No. Max Code ESC On/Cft linbits

0 0 off 0 19 15 on 4

i 1 off 0 20 15 on 6
2~3 2 off 0 21 15 on 8
4 Not Used off 0 22 15 on 10
5~8 3 off 0 23 15 on 13
7~9 5 off 0 24 15 on 4
10~12 7 off c 25 15 on 5
13 15 off 0 26 15 on 6
14 Not Used off 0 27 15 on 7
15 15 off 0 28 15 on 8
16 15 an 1 29 15 on 9
17 15 on 2 30 15 on "
18 15 on 3 31 t5 on 13
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B 2. linbits T UYL= HIEY £
Table 2. Number of modified bits in #inbits.

Table No. linbits Number of Modified Bits
15 1 1
16~31 2~13 2
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Table 3. Number of occurrence of excess—15 quantized values as samples.

Number of P Nuerber of
Sample Name | Length | ot | Ooc/Sec. | Sample Name | dlengih®Z0l| o (RS | Ooo/Sec.
piano 23.401 14871 635.486 beetho2 13.572 3833 282.420
oboe 14,548 2666 183.255 big 11.439 652 56.998
brass £.058 3590 592.605 charll 11.584 4610 397.963
pipeorgan 6.149 3373 548.544 john2 17.214 7318 425177
saxophone 7.455 188 25.21 kpop 10517 1439 136.826
wash 12.006 4396 366.150 newday 10.455 541 51.746
andrel 14.391 8204 570.079 ragio 11.833 196 16.564
andrea2 27.221 26564 975.864 secret? 16.440 6937 421.959
andrea3 20,943 3562 170.081 stant 14.758 1951 132.199
beethot 10.792 240 222.480 chorus 15.387 1538 99,955
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Fig. 3. Spectrum of sample having many excess-15 quantized values (low-frequency concentrated eneray).

3" 4. 15-23) SR ARt I BMS= YES AHEH (B4 oiuX)

Fig. 4. Spectrum of sample having few excess-15 quantized values (widely spread energy).
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Table 4. Constraint of modification as bigvalues.
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o] o] dop} GHREGE=AE ohS B 6t 2 AE
£ ol4-8t H71eieg shgicu], o] i x| #@xpr} A
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Range of bigvalses

Max Number of Modified Coefficient in subregion

bigvalues < 200

3

200 < bigvalues < 300

5

300 < bigvalues < 400

7

400 < bigvalues No Limit
E 5 AH0 AIRE WES0l ¥29 #5
Table 5. Genres of music samples used in experiments.
Genvre Sample Name
Classic, Semi-Classic, Classic Instrumentals beethot, beetho2, andrel, secret2
Ballad Mood Pop kpop, big
Rock Mood Pop newday, radio,
Jazz charlt, john2, stani, washi
Solo Instrumentals piano, brass, saxophone, pipeorgan, obce
Voice, Chorus andrea2, andread, chorus
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Table 6. Quality evaluation index for MOS tfest.

Score Index
5 No audible distortion
4 Audible distortion, but not annoying
3 Slightly annoying
2 Annoying
1 Very annoying

B 7. M) 3 GxE =7 4E HE SifY A
Table 7. Bit modification condition for making the worst

sound quality.

linbits Original LSB Code Modified LSB Code
0 1

1 bit 1 0
00 1
01 1"

2 bits 10 00
| 00

B8 4Y Ha 459 MOS 28 HE ME

Table 8. Experiment result: MOS value and data insertion rate.

4.2, MOS Zat 3 2 Mg JE Y&

che E 8ol 2 5 chste] 2099} WAl
MOS BlAE ] BEgta B4, 9T 25 41 49
£& BYT} MOS HAES BATE % 4.60.2 Vet
o), 27 AR 4 Qi 0] 9k 0F 63 Hlo] (500
of HE) HEE ekt 29 600] vlolEehy 129
oF 607119] ASCH, T oF 30719] 2 ohd 2AE
AT 4 9lrhe Aoltk, o AMFS gote) HAA
2 9% AR Qo= 71, o) AB 5o gof Ed
2 Aol chet AR} o3 Sotolehdl AMpHIE Hg
2 9 opolek ¥ 4 ek

2 ¥ 8 AR “saxophone” ¥} “radio” ME
o Bito] oh$- Al L2 AU A B 4 9l o)
YA F F ol F Aol thatol 22t Mos 24 B
o) kS e A Rofsiely] Holn £ 4B &
4ol ThE A5 vlshe] e A U2 Hol o] g
), “newday” BES A9NE 9 F B F o 39
SR MOS 389 th e BB Haisle] Bigo]
Bolgon 94 gate] glol ulwa At olea B4
2 BAle) BEEo] AR 48 R0 ol A) A
ulo|E2 the WEurhuEAEYY Wao] il A3

Sample Name MOS Varfance Data Insertion Rate
pipeorgan 485 0.134211 131 bytes/sec
pano 4,45 0.260526 114 byies/sec
brass 445 0.36578% 106 bytes/sec
oboe 45 0.368421 44 bytes/sec
saxophone 415 0.660526 5 bytes/sec
andrel 47 0.221053 126 bytes/sec
beethot 47 0.221053 45 bytes/sec
stant 45 0.368421 28 bytes/sec
radio 4.15 0.660526 3 bytes/sec
secret2 46 0.252632 86 bytes/sec
beetho2 46 0.252632 58 bytes/sec
john2 4.7 0.326316 96 hytes/sec
andrea2 4.75 0.197368 126 bytes/sec
newday 45 0.578947 12 bytes/sec
charll 46 0.252632 97 bytes/sec
andread 48 0.168421 36 bytes/sec
big 48 0.168421 13 bytes/sec
wash1 475 0.197368 72 bytes/sec
kpop 455 0.260526 32 bytes/sec
chorus 465 0.344737 20 bytes/sec
Average 45875 0.313026 63 bytes/sec
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