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Robustness against speech codecs on an audio data hiding based on

amplitude modulation

Akira NISHIMURAT

T Department of Media and Cultural Studies, Faculty of Informatics,
Tokyo University of Information Sciences
1200-1, Yatoh-cho, Wakaba-ku, Chiba-city, Chiba 265-8501, Japan
TEL +81-43-236-4658, akira@rsch.tuis.ac.jp

Abstract A data hiding technique into audio signals using subband amplitude modulation was evaluated by a
computer simulation in terms of robustness against reverberations, background noises and the speech codec. Speech
signals of 22 speakers and 100 tunes of music signals in various genres were served to the host audio data for embed-
ding. Computer simulation showed that the speech and music signals with a background noise and reverberations
were able to transmit at least 80% of embedded data at 8 bps when using AMR bitrate of 12.2 kbps. Objective
measurement of sound quality degradation induced by data hiding was performed by PESQ and PEAQ algorithms.

The resultant objective scores corresponded to the subjective evaluation of slightly degraded from ‘fair’ or ‘slightly

annoying’.
Key words Acoustic applications, Speech codecs, Acoustic noise, Telephony, Reverberation
goobooooobooobooooooooooobbooobo
1. 0000

gobooobooobobooooooooooboooooboa

goboooooooboooobooboooboooobooooooo
gobodoobooooooooooooooboooooboo
goboooobooooobooooooooooboooooboo
goood

obooooobooboooooooooboboooooooon
gobooobooooboooooooooobooooooa

00000000oo0oo0oo00oDoOooUoOooUoOD (oo
OocMOO)00o0OoOooOoOoOooOoUoUoOoooUoO
0000000000000 0 (UoDUoDoOoooUoO
ooooo)ooUooooooOooooUooUoooooo
00000000000 oO0O0UO00DoOO0ORuoboo
gobodooboooboooooooooooboooooboa



00000000000000000000000 3]0
000000000000000000000000000
0000000000000000000000000000
0000000000000000000000000000
0000000000000000000000000000
0000000000000000000000000000
0000000000000000000000000000
0000000000000

010 000000000000000000000000
00

020 000000000000 00O0D000000000
ooooo

030 0000000000000000000

040 000000000000 O0O0O000O000000
nfn
000000000000000000000000000
0000000 (MP30 AACOD)00000000 (00O
000000000000000000)0000000000
0000000000000000000000000000
0000000000000000000000000000
0000000000000000000000000000
000000000000D0000000
000000000000000000000000000
000000000000000000000000000
000000000000 (400000000000000
0[2,pl000000000000000000000D000
000000000000000000000 (6000000
00000D00000000000000000000000
0000000000000000000000000000
0000000000000000000000000000
00000000000000
00000000000000000000000000
0000000000 1,2, 37000 4300000000
0000000000000000000000000000
000000D0000000000000000000000
0000000000000000000000000000
000000 1.30000000000000000000
0000 -15dBO00000000000000000000
000000000000 10bps 00 [3)000000000
0000000000000000000 (600100 bpsO0)
0000000000
000000000000000000000000000
0000000000000000000000000000
00000000000000000000/00000000
0000000000000000000000000000
00000000000 [30000000000000000
0000000000000000000000000000
0000000000000000000000000000
000000000000000000000000000
ooo

goboooooooooooobooooooobooooobooo
goboooboooobobooooooooooboooooboa
goboboooboooobooooooooooboooooboo
goboooboooobobooooooooooboooooboa
goboooobooooboooooooooooboooooboo
gobooooooboooooboooooooooboooooon
gobodoobooobobooooooooooboooooa
goooooooobooooooo

gobodooooooooobooooobooooobooobooa
goboooobooooboooooooooooboooooboo
gobooooboooobobooooooooooboooooa
obooooooooboobooboobooobooboobOOobooooo
gbooobooobodoobooboooboboobooboooboobooonoo
00000000000 O000oOo0O00 PESQOOODOCOO
goboodoobooobobooooooooooboooooboa
000 PEAQRDOOODOOOODOOO

2. 0booboOOobObOOobODbDOooODbDOoDbDbDo
oood

000000200000000000000000000
00000000000000000 (0 100)000000
0000000000000000000000000000
00000000000 200000000000000000
0000000000000000000000000000
0000000000000000000000000000
0000000000000000000000000000
0000000000000000000000000000
0000000000000000000000000000
0000000000000000000000000000
0000000000000000000000000000
0000000000000000000000000000
0000000000000000000000000000
ooooooo
000000000000000020000000000
000000000000 1000000000000000
000000000000000000000000 /200
0000000400 PSKOOOODOOODOOOO »O00
00000000000 7Ts000MOO0000000000
0000000000000000000000000000
00O02M(n—1)/T bps 000D
000000000000000000000000000
0000000000000000000000000000
0000000000000000000000000000
000000000000 00000000000([90O0
0000000000000000000000000000
00000000000000000000000000000
0000000000000000000000000000
0000000000000000000000000000
0000000000



Frequency

k‘ pilot subband .Agroup

01 000o0o0oooOoO0oO0ooOoOoOoO0OooOoOoOO0OobooOooOO0o
goooooooooooooooooOooooooOoood
oooo

2.1 0000

goboooooooooooobooboooooobooooobooo
goboooboooobooooooooooboooooboo
goboooobooooboooooooooooboooooboo
gobodoobooooobooooooooOoobooooooo
gobobooobooooobooooooooooboooooboo
OO0 rFTO0000O0O0O0O0O0O0O0O0OCOCOOO0O0O0O0O
oobooooooooooo

goboodoooobobooooboocooobooobooooooa
oboooooboooboooooobooboobooboooobooooono
goboooodooboooooooobooooooooooa
gobooooobooooooooooooooobooooboo
goboooooobooobooboooooboOoooooooboa
gobooobooooobooooooooooboooooa
oboboooooooboooooooooboooooboo

goboodooooobooooocooobooobooooooa
gobobooooboooooooooooooooboooooboo
gobooobooooobooooooooOooboooooo
obooooooooboooooooboooooboooooboo

2.2 QO0OOO0OOOOOOooOO

goboooooooobooooooboooooobooooobooo
gobobobooooooooboooobooodooooooobooooo
goboooboooooboooooooooobooooboo
gobodoobooooooooooooooboooooo
oooo (W,)0 10000000000 oooooo 100
000o0ooooo W, 0OO0OOoooooooooool
gboooboooooboobdoboooobouoobooboooboooooo
goboboooobooooobooooooooooboooooboo
gobooobooooooooooooooboooooboa
oboooooooboooooobooooboobooobooooo 1
goboooboooobooooooooooboooooboa
goboboooobooooobooooooooooboooooboo
gobooobooooooooooooooboooooboa
0000000o0oooooo (o200)0

oooo0oOoooooo

oo

s

ooo

02 0000000000O0O0ooOoooOoooooooOoooa
goooooooooooooooo

3. DOoOoooogooDgd

000000000 4kHzO0OODODOOODOODOOOO
0000000000000 00000OdAMR(Adaptive
Multi Rate) 000 0000000000000 OOOOOO
goobooobbooodoooboobooooboooobo
o000 8bpsOOOODOOOOOOO 100O0DCODOCOO
gboobooboboobouo o400bO0bbbOO4.00DO
gobobooooooobobobooboon

goooooboooooooooboouooboboboboo
Voll 00OODOODOODOOOOODODOOOOOOODIDO
0003600000000 2200 (WO 100000 120)
ooo0oooboOooooboooOoDoDOobDOobOoOonoOg 16 kHz
0000008 kHzO0OODOOOOOO

O0oO0oO0ooOooRWCOOOODOOOODOOO RWC-
MDB-G-2001[10] 000 0000000OO0OOOO 100 O
gobobooboeooboobooboobooboo
ooooboooOoboooOoD 441 kHz2O00O0OQDOODO
00 8kHzOOOOOOODOO

3.1 JU0b0obOobOobobOoboo

gooobooouooooobooboobooooboooobogo
goobgoboooooobooooooooboobboooobo
oooooOOoOoOoOooooooOooORWCPOOOOODOOOOO
o000 [11joooooooUo0 .3goooooouog
0000000000 (D0D00O0: irl30dat) DOOODOOO
go0ooooDOoobDOoOoDbDOO0ODbDUObCbO0Onb0O Hoth OO
0 [12]00SNR 10,20,30dBOO0O00O0O0OO0O0OO0OOO
goobgoogoooooooboooo

3.2 JUOUODbODbODbOODbDOO

0000 3GPP(3rd Generation Partnership Project) O O
goobgooboooobooboooooooobooboboooobo
O00DAMRUOOOOODOOOOO WBOOODOOOODOO
00000000000 (00D0)00000 (000D0)00
gooboooooooboooooooooooboboobo
OO0O0O0AMROOOOOCOOOOOOOOOOOOODOOO



01 0ooooooooo.

Parameters Values
AM depth 0.4

bit rate 8 bps
subband pairs 63
subband groups 7
frame period 6s

mod. freq. [Hz] 1.17, 1.67, 2.17, 2.67
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