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Design and applications of compound audio

media that embed information imperceptibly*

Akira Nakayama

Abstract

In this paper, a new medium for audio communication for humans and machines
is discussed. This technique is used to embed a machine control signal into an
audio stream; the signal is imperceptible to humans, but can be detected and
decoded by other machines. The design of compound audio signals and a new
industrial application are discussed. Several interesting applications for digital
watermarking and robotic control-signal transmission are described.

First, digital watermarks for audio signals based on the psychoacoustic mask-
ing model are discussed. Currently, in digital watermarking algorithms that are
being studied, it is necessary and inevitable for the watermarks to be inaudible.
In this regard, the Boney algorithm, which utilizes the masking characteristics, is
very promising. This algorithm, however, takes only simultaneous masking into
account and is not robust to MPEG encoding/decoding. Moreover, the Boney al-
gorithm requires the original signals to detect the embedded watermarks. In this
paper, the author introduces temporal masking as well as simultaneous masking
and improves the Boney watermarking algorithm with regard to the approxima-
tion of the masking characteristics. The author also introduces a self-clocking
mechanism to automatically detect the watermarks and proposes detection algo-

rithms that do not require the original signals for the detection of the watermarks.

* Doctoral Dissertation, Department of Information Processing, Graduate School of Infor-
mation Science, Nara Institute of Science and Technology, NAIST-IS-DD0561206, January 31,
2007.
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The Boney and our watermarking algorithms are comparatively tested by using
a watermark detection algorithm and are evaluated by subjective tests using sev-
eral kinds of music sources. Both evaluation results show that our watermarking
algorithm has the following advantages: (1) audio signals with embedded water-
marks have no degradation and the watermarks are inaudible and (2) our water-
marking algorithm is robust to additive noise attack, MPEG encoding/decoding,
and DA/AD conversion.

Second, MotionMedia, a physical medium that includes the motion of active
entities such as robots or physical end-effectors is defined, and an efficient method
of sharing the robot-motion control data (called MotionMedia content) via audio
is discussed for the realization of robotic communication services. To foster the
sharing of the MotionMedia content and minimize the overhead involved in the
sharing, the reuse of conventional “audio” media for sharing MotionMedia is an
important concept. Therefore, a conceptual idea for MotionMedia content sharing
via audio is proposed. This technique embeds robot control signals in an audio
stream using a modulation technique. This concept can be explained as the usage
of an audio medium as a carrier to convey control data. To test this concept, the
author has developed two implementations which use the frequency modulation
technique and the dual-tone multi-frequency technique for modulation and also
prototype communication robot systems. These robots have been applied to
conventional communication media such as the World Wide Web, E-mail, and
cell phones. The author has shown that the MotionMedia sharing platform via

audio can be easily realized and is a promising concept.

Keywords:

Sound, Multiplexing, Digital watermarking, Psychoacoustic model, Robot, Media
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021 0d0b0booooooboboooonon

Music Threshold | Detection | FError
Source rate [%] | rate [%]
Viola 0.48 99.8 0.15
Castanet 0.27 96.9 3.18
Piano 0.47 99.9 0.08
Female singing voice 0.26 96.9 3.06
022 MPEGODOOOODOOOO
Music Threshold | Detection | Error
source rete [%] | rate [%]
Viola 0.000 50.3 49.7
Castanet 0.001 54.1 45.9
Piano 0.002 53.3 46.7
Female singing voice 0.001 51.1 48.9

b1 0000b21000b000b0bo00bbooobbuooboboan
gobbobbobodgooooobobbooooooboboobbouogo

goooooooobod

OO020000220000MPEGOOO0DO0OODOODOO0OODOOODOOODO
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023 0D00000000O0O0ODO0ODODOO0O SNR

Music source Segmental SNR [dB]
Viola 22.1
Castanet 17.1
Piano 27.7
Female singing voice | 21.3
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024 0000OO0O0O0ODOODOOOOO

Music source Original [%] | Watermark embedded [%]
Viola 56.1 43.9
Castanet 56.1 43.9
Piano* 72.7* 27.3*
Female singing voice | 50.0 50.0
Total 58.7 41.2

(Asterisks indicate the significant differences

in perceptual quality of the sounds (p < 0.05). )
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goobooogoboobod

00000000000000000000000000O0000 (p > 0.05)0
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O0000000000000000000 (Cross-power Spectrum Phase)[61] O
goodooog
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234 00OOOOOOOOO
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00000000000 Mw,t)00O00000 «00000000 0000
00000000000000000 My(w,t)000000000000

My(w,t) = M(w,t)+exp(—1/7)M(w,t—1) ® S(1,w)
+exp(—2/7)M(w,t—2) @ S(2,w) + - - - (2.1)
+exp(—k/T)M(w,t—k) ® S(k,w)+---
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gboobobgoooobobuooooboboboooboboooboobobon
gbuogobuogobbooobobuooobboodobbooobbooon
gbooboogoboood
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U 25 0b0b0b0u0o00oobbooogon

Conventional | Boney method

method Music source Threshold Detection rate [%]
Viola -0.000 46.2
Castanet -0.001 o1.7
Piano -0.002 43.2
Female singing voice +0.001 50.0

Proposed Band width restriction

method Viola +0.074 60.1
Castanet — —*
Piano +0.082 65.9
Female singing voice +0.137 60.0
Band width restriction+cepstrum filtering
Viola +0.117 83.1
Castanet +0.058 57.4
Piano +0.132 84.5
Female singing voice +0.038 68.5
Band width restriction+cepstrum filtering-+temporal masking
Viola +0.138 84.7
Castanet +0.073 72.7
Piano +0.142 84.7
Female singing voice +0.063 73.7

gogboboboooggbboboooobbbooooboboooobod
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Detection rate [%0]
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Noise to masking level [dB]
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OO0000O00000000MPEG-1 Audio Layer 11 DOOOOOOOOO
gobooboboboboboboboooboboobuobobo20b PNOO
gbobogboboogdbbugobbooobuogobooobboobboon
gooboobouboobobobobobobooboobooboboboobo
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obooobooobopPNODOODOOODOOODOODDODDODODDOODOO
260000

200 pPNOOODOODOOODOOOOOOOODObOODODDbOObODD
obobooodb pPNODOODODOODOODODOODODOODOO
ooOopPNODOODOODOOODOODOODOODDODDOODOODOO
gooo

2.5.4 DA/ADOOOO0O0DOODOOOODOOO

gooboobooboobobooboboobobboo =30dBOODOODO
OO00000 bADODOODOOODODOOODOD3mOOOOOOOOO ADODODO
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MPEG coding bit rate [kbits/s]

O 2.5 MPEG Audio Layer HI OO OO O0OOSOOOOOOOOOOOODOTO
goboboooobbboooobobbooo

026 800 PNODODOUODOODODOOOOOODOOODDOODDOOOD —30dB
gooood

Music source Threshold | Detection rate [%]
Viola 0.172 85.2
Castanet 0.186 80.2
Piano 0.146 85.5
Female singing voice | 0.180 92.3
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0 2.7 DA/ADO0OO0OO0O0O0OO0DO0O0OOOO0OOO0ODO -30dBOOOOOO
0ooOgd

Music source Threshold | Detection rate [%]
Viola 0.070 774
Castanet 0.057 63.8
Piano 0.075 77.6
Female singing voice | 0.031 777

Oooobooboobobobobobboo20b pPNOODOOOOODODOO
OOoooooooboobogoooobg200pPNOOO0OO0OOOOOOOOOO
gboogo

DA/ADO0OU0OOOOOOOO SONY DATOOO DTC-2000ESOOOOOO
0000 DATO DA/ADOO0O000O0DOOO0O00ODOOOOO0OOOOOO
gooogg
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gbobogboboobbooboboboobboogbbooobbubboon
gboboboooobbobuoooobbogao

2.6 U0O0OOOOOOOO

oo pNODOOODODOODOOODOOOODOODODOODODOODO
oboobooooboboobobooboboobooobboooPNDOO
gbobogbobogdbbuogobooobbooobbuoobobooobobn
Ooboooboooboobooob =30dBO0bO0ooooboooboooboon
MPEGOOODODAOOOOOODOODOODOODOODOOODODO 2800
290 000MPEGUODOOCOOODA/ADODOOOOOODOOOOOODOO
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0 28 MPEGOUOOD (64 kbits/s) 00D 000000000000 OOOOO

OOooooob =30dBOO0O0O0oooonoonoonod

Number of frames to | Number of | Number of | Detection

use embedding one | embedded detected rate

watermark (time to correspond) | watermarks | watermarks (%]
1 ( 10 msec) 1299 801 62.7

5 ( 53 msec) 256 188 73.4

10 (107 msec) 128 106 82.8

20 (213 msec) 64 58 90.6

40 (427 msec) 32 30 93.8

gboboooobbbuoooobbbooogn

2.7 0DOO0oooooon

271 0O0O0O0OOO

0000000000 0o0ooooooobobobobobbbbbDbOD0ODOdtriple
stimulus/hidden reference/double blind methodO [69][70] 0 00000000 15
O00000o00bO0oobo0ob0obogobooo 48kHz0000000 1000000
godoouobobbbbbooooooobobbbuooooobbbobouoo
00 -20dBO0O0O -30dBO0O0OODDODO0O0O0OODODODOOOOODOOOOOn
00000000000 (STAXSRM-Xh)[60)]OOOODODODDODOOOOO OO0
googo-obbo-oggog-go-pbbbdooogobobbobbboodd
ggddooooog oo st ooaoad
sddbbodbobboodbbuoubbuoosboubbooo4bobbbO
goddoobosgbobobobooob20boudibgooooooooboooao
goggdogboooboobobbtbdddddddddddydydUUUuUUg o
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029 DA/ADO0OOO0O0O0O0O0OOOO0O0O0OOOOODOOOOOOOOOO

O -30dBOO00O0OD0O00OO0OOO0OO

Number of frames to | Number of | Number of | Detection

use embedding one | embedded detected rate

watermark (time to correspond) | watermarks | watermarks (%]
1 ( 10 msec) 1301 1007 77.4

5 ( 53 msec) 200 192 96.0

10 (107 msec) 100 100 100.0

oboboboobooboobooboobobbobooboon

gooood
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Simultaneous masking only

Music source Below —20 dB | Below —30 dB
Viola —0.46* —0.008
Castanet —0.38" —0.016
Piano —0.76" —0.36*
Female singing voice | +0.19 +0.16
Simultaneous and Temporal masking

Music source Below —20 dB | Below —30 dB
Viola —0.59" —0.025
Castanet —0.75* —0.18
Piano —0.69* —0.36*
Female singing voice | +0.09 +0.16

(Asterisks indicate the significant differences

in perceptual quality of the sounds (p < 0.05). )
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0211 0000000000000 000000
Embedding intensity [dB] —20 —-30 | =35 | —40
Simultaneous masking only —0.45* | —0.05 | —0.10 | —0.13

Simultaneous and temporal masking | —0.63* | 0.08 | 0.03 —0.05
(Asterisks indicate the significant differences

in perceptual quality of the sounds (p < 0.05). )
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goooogo
Number of frames to | Number of | Number of | Detection
use embedding one | embedded detected rate
watermark (time to correspond) | watermarks | watermarks (%]
Long term temporal sequence correlation method
819200 1.9 secl 63 54 85.7
1638400 3.7 sec 31 30 96.8
Long term temporal sequence deviation method
819200 1.9 secO 63 95 87.3
1638400 3.7 sec 31 30 96.8
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use embedding one | embedded detected rate
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Long term temporal sequence correlation method

8192000 1.9 secO 63 50 79.4

1638400 3.7 sec] 31 28 90.3
Long term temporal sequence deviation method
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1638400 3.7 secld 31 29 93.5

OO0000b00o0o0o00o0obboobboobb0bbO Boney OO oonOO
gbobbuoogobbbouooobbn

U23000280000000000000obbbobobbbooooooon
gbobogoboboboooobbuoogbbuoobbogobbuooobbood
gooooobbbbiboooooooouoobbbbooooooooobbn
0000000000000000000000O00000ODA/ADOOOOO
ooboobooboboboobooobooooobooobooboboboMPEGODOODO
DA/ADO0000ODOCOCOO00000D0NODDOOOCOOO0OOUOOooOoOoDO
gboboboogoboboooaoon

g29b0odgoooboooobobbuooooboboooobobobooon
gbooboboobobobobobooobobooboboobobobod
gbbodgbboodbbuoobboodobbobboobbooobboon
OOooooooooobooobooboob MPEGOODODOOODODOOOOOO
goobodgd

gobogobbogbuogbobooobbuobbuoobbooobboon
oboboobooboobd

44



30 ot
J0ooooboboooood
Jddduobooooond

3.1 OO0OO0OO

gbogbgbooboboobobuogoboboboobobooobobon
gbobogobbuogobboobboobbogobbuoobboobbon
googobbdooobbuooobuoobobuoobbooobboooboboon
gboooooooobobooboobobooobooboboobbobobon
gbboboboogbuogbboobbduoobboobbboobboboon
gboboggbbuoogbbooobboboobbuoobobooooobooban
gbobogobbuogboogbbuoodobboogbbobobuoobbooan
gboobboooooboooobbboooon

gbooboboobobooboboobobooboboobobboobo
gbbogobodgbbooobbuogobobbooobboooboobooon
gbbogobbuoooboobbobobboobboooboobbboon
gbooboooobbbugobobbbooogobobobuooooboon

45



3.2 UUO0OO0OOooubobobobuooooboobogn
Jobogoodobooobogoooood

gobogbobooobbuoobboobboobboobuooobboon
gboogobuoggbbooobbuooobogbboobooobbooon
goboboogobobboooobboboooobooo
gbobgboououbooobooboboobobooooboboobgd
0000000000000000000D0O00O00000000O0 [31,3200
gbobobougg3ibobuobobouogobobuooognoboobuooon
gboogdobogbobbooobooboobbuooobbuooobbooon
gboboooobobboogoobobobooooboobooooobobooo
gooogobobooobooobbuooobboobmobomuoooboon
O000000000000000 [3,,3200000000000000D0000
gbbbuoodbbmoomuogbbobooooboo
goobbobbuooooobbbobbouoooobbbmoomoowmo
gboogboboggbboobboobuooobbooobooboobbooon
gbobogoboodgbooobbuooobooobooboobbonoboboon
ODoO0ooOoOooooobooooOooo0oooooobooecboooooooOoo
oboobgoboobooboobobobbobbooboobooMIDIO
MpP3UOOUOOoOODOObOOOobOOOobLOoOobOoOobOoobOoDDbo
goboogobbogobboobbuooboooboooboobboon
gbhgobdoobooboobobuodboobuooboobooboobon
gboboboooboboooboboobobobobooboboobobon
gboudgboboobbogbubogoobuoboobboobooboogoon
gbbogbobobodgbobooobbuooobbuoooboobobooobban
gbogbogobooboguboobogbuobobobooobbobbon
gbooboobboooooboobogobbooobbooobuooobooon
gboboobobbooobodbobuooboboobobooobobon
gbgdgbuodgbuogbooobobobbobobuoobuooboobobobon

46



gboboogobbuoodbbobooobbooogobbboooobbooon
0000000000000 000000ooooooo (31, 32)0

l.ogobobuooooboboooooboo

() DOOD0O0OD0D0ODODOOOOOOOOOO
(b 00 ODDOOOOOO0O000DOODODOOOOOOOODOOOooDDOO
gobobooodgn

2. 000000bbboooobbobouooobobo

() D00O0O00O0O0O0O0O0O00ODO
(b) 0000000000

(¢ DODODDDOOOODOOOOO
. 0b0uoooboboooooboboooon

(r) OOODO0O0D0DO0ODODOCOOOOO0O0O0OODDOOOOOOOOOO

(b DOODDDOOOODOOOOODOO

00000000000000000000000000000000000
0000000000000000000000000000000000000
000000000000000000000000000000000000
000000000000000000010-a0b020-a0b0000000
000000000000000000000000000000000000
000000000000000000000020-a0b000000000
0000000000000000000000010-0b00000000
00000000020-c030-a00000000000000000000
00000 (31, 32)0

47



ID Manager
Use Registration

Content

Generation /| storeg Search
Motion Databa

Content Description
MotionM edia Contents Sharing Platform

Information Sharing Platform
Network Infrastructures

Content
Distribution

Robot

g 31 dibbouoobbbuoooobbbuooobn

3.3 U0OoOobuoboooobtobuoooobonogon
Joooooooooonbon

00010 -a0bOD20-a0b0000000000O00OO00ODO00O0DOODOO0OO
gooobobogooonogbooobobboboooooooobuobobon
gbobobooooobbobbooogobboboogs32b0boobbobuoogn
gboboobooobboobbuoooboobobbooboboobbooon
gbobogbbugobbuobouoboboogboooboooobboon
gooboboobobooboboobobobooooobobobooon
gbudboboobboodgbuoobobobboboboobboobooboobb

gobbodobobooodbbuobobbooobboobbouooobboon
gbobogbobboogbobooobbuobbuobbooobbuooobboon
gbobogbboodbbooobbuogoboobbooobbogbbooan
goobogbbooboobobtogobbuoobbooobbooobboobbon
gbogdgbboodbuooobbuooobbooobbooobbbodoan
gbbobuoogoobbbuoogbbobuoooobbobuooobbboo

48



—

N\ %&urw =
2 =
&

Pa
rd

@;@1\ Conventional
audio-media, distribution component

S RS
Motion Data > .
M odul ated )@ ‘E v
Sound ~ : - h]
0 - Motion Media > Sound
’ S. || ContentsModulated || & | Pemodulated
3 to Sound C_> to Motion Data
=) (0] u =) ’\
§ Audio contents § #
= &
-7 wr
ﬁi;rc
|

Audio medium carry
M otionM edia contents

User’ s robot

032 00000boogboobobbooboooobobboobooboon
gbbboooobbboooobbob

49



e OO UOOOODLODOU
gboodgbooobuoogbboobouogbboobboobboobagb
gobboboboboboodgoooobbobbbouooboboboougo
Oo0OooOOooooboDooocecboMbOODOOO APIDOOODOOODOOO
gbobbbouoooobobbbbodoooooobbbbbboooao
gboobbobuobooobogboobbugbboobbbdouogboo
gbbbooduooboboboooobbbooobbboooon

e JUUOUOUOOLDODODO
gobbobobboouogobbbbbouoooooobobbobbbon
gbobbobobboooooobbobboooooobobbobobbougo
gobbobhoboouoooobobbobbbodoooobboobobbodgo
gobobobobboodooooobbobbiooooooobbboogo
DoOobooboobooboobo

e DU UOOOODLDDOOOO
gbboogooobbobogobooooobboognobooooboooda
goboboobboooooooobboobobboooooobooboobboboog
gobbobbobuoooobbbbbbouooobobbbbbbodgo
gboobooogobobod

e O UO0O0ODLODLDDOUOOODLDOOUOOODLDDOO
gbobbbbbbotouooooobbbboooooobobbbodadao
gobbobbbouooooobbbbuouoooobbobobboogo
gbobbooboooooobbbbbbbodooooobobooboobbbao
gobbobooooooobbbobbbooooooobboobbboodgo
0000000 pCO0OD0ODOODOOODODODOOODOOODODO
oooboboobobooboboboobobooboboobobg
gbobuoooobbbuoooobbboooon

ggodogooobobobbobbogooogooooob oooooo
goobooobobogboboobooboboboobbooboobboooon

20



gboboolubbogboboooboobbooobo200boobbaan
gboodgbogbogbaobodgbouodgo3agobobobbobobobbon
40 0oooogoboboboooobobooogooboooobobbuooon
gbooboobobobobboboobobooboboobuobbobod
gbbogdbuoodbbooobbbdoobbuoobbuooboobboon
gbobbooogobbbuooogbbbbuooooboboooobobbod
gboboobobooobooobboobbooobbuoooboboobbogon
gboogbobuoggbbogobbugoboobbuooobboobboon
gbooboooooboooobbboooon

34 U0O0O0OOOOOOOOOOOOOO0OOO0ON
Jobooooooooobod

gbubobogbbodgbbodgbuoobobbuodobboobobobaabbg
gbbboodobbboooobbbooooobbboooobbbooon
gboboggbbobboboboobbuooobbooobooobboogn
gboboggbbuogboobbuooobuooobbuoobbuoobbooon
gboogdoboobbooboooboobboooboobbbooboonoon
gboooooobboobboobobobbo@moboobbobboobon
gboobooooooood

gobboodobobooodgbbuobobbodobboobobuooobboon
gboboboogoboboboooobobuoobboboooobobbbooon
gboboooobobogobboobobbooobbooobobuooobooon
gbbbuoooobbbuooobbboooobobbbooobbbooodan

e U UOOODLDLOOUOODLDLDLDOUOUOOODLODLDDDOO
e DAODODOOODODOO

e O UOOOODLDLDDOUOOO

51



gobbobobbouooooobbbbouoooobboobboodd
00

gbobbbooooooobbbbbbuodgoooobbbobboogo
gbooogoboobooaooboon

gbobbobbbouoooobbbbbtbodoooooobobbbbadao
gbogobobbodgbbodgbboobbbboo1wobosgubooo
O [74000000000000000600O /180/2=0170000000
gobobobbodooooobobbobobbooooobobooboboogd
000010000 [@Boooooooooooo

gbogbouodgbodgbodbuobobogbogbooboobooboo
gbobobooobobobogobbobuoooobbboooobbbo200
Dbhoobooobodbboobboobbooboob —=900 4900
gboobooogon

gbdudooodoudoooooouoooobouoooouoooooo
gddooodoodooououoooooouooooooouooood
gbdooodooouoooooooooouoooooooooooooa
gddodoooooooooouoooboooooooooooonooood
gbdoooboootdooooooooouoooouoouoooooooon
godooodoodooodoooouoooooooooooouoooood
oo ouoooooooon
0000000000 D00000D0O00DO0OD0DO CyberODDOOODODOOOO
godoooooooodoooooooooooooooooooonoood
00000000000 D0DOCyberPerformer/Hyper[ CyberPerformer/Audio
dootuobobobotboouoooouooooooooouooooboouao

52



3.4.1 CyberPerformer/Hyper
CyberPerformer/Hyper 0 000000000

CyberPerformer/Hyper 0 0 000 0000000000000 0O0ODOOOO
000000000000 00000O0000000DO00O000D0D000000
OO00000O000O0000Dooo0oooo0ooooooooooooooood
OO00000obO0o0o0O0ob0oooO0oboobO0boooOobooboooOoDbo
O000D0O0Db00O0O00OO0obOooooDOoon

CyberPerformer/Hyper 0 000000000

oo oobobobuoououoo
ool uououououua
000000000000 DOO0oDOO00oDOOo0oAMODOOOOFMDOODOO
00000 [8|0oooo00ooooooooooooOO 1L, Booooood
000000 1200000000000 13)000000000000000
1600 000000000000000 CyberPerformer/Hyper DO O OO0
ool ouuoouououooua
oot ooooooobboooobobuoooonboo
rMOOODOOOO0OOOO0OO0OO0OOO0OOO0bOO0OO0O0OO0bOOobOoObOOoDOoon
guoddooooobbbbtboooooooouooobbbbbuooooo

FMOOOOOOOoOoboboobooobbuoooobbooobobuoooooo
goddoooooobbbbuooooo

godddoguoboobobobbbobobbbbbbbbobbbbobooobooooo
O00000000000000 [v6)|00000000D0O0O00DO0OOOOO0O0
Oo0ob0ob0oboo0obob0ooob0oooDooo00b0obOOobUbOUoHEOO
0000000000000 00000000Ootoooooooooooon

000000000 0Hi0000000000 4016kHz20000000000000
booobooooboobooooboooboobooboooboobooooboooooboo
20kHzO00000000DOO0OOOODOOO

23



OOobooboboooooooooobopCcOb0bO0oOoOoonDobDObDOn18 kHz
gooopoobbboboboboboobbbdooooooobobobbbbobobobn
OoooooooooooboobokHzO0O00OD0ooooooooooooon
rMOOOODOOODODOOOO
ggbbooobobuoodobbooobdooobbooobbobboon
gbobogbboodbbuobboodobbooobbuoobbooobbn
obobooobooobooboooborMbObDbOobbOOoboobooDoon
O00000000000000 (7000000000000 ooooooog
100 HzO O OGO OO
FMOOODOOFMOODOODODODOD BkHzOODODOODODOODOOO
gbbogboboboodgbbooobbuoobuooobboobuooobboon
00000000000 00DOO0O1e000DAOOODOOOODOO 3276700
gbobogoboogobogbb12zeo0b0dboooboboooboogn
goboooobboodbbooobbuooobbooobbooobboon
gbobboooobbobooodan
ggbobboooobobbbuoooobbobuoo33bbobobuooogn
gogboobobobbobbooouooog-90bob +90bboobobobobbbbn
ooobb 10 HzO00000 FMODODOOOOO0OOODOO 11kHzO0000
goboboogobbboooobobbooooobooo
rMOOOD0OO0OO0OO0O0O0O0000000

spar(t) = Acos (wct+kf / f(t)dt) (3.1)

000 AAFMOO0000000000000 27%1800000%40 00 100/44100%
2r%1/900 0000000 100 HzOO f(t) D000 =90 < f(t) <+90Mm 000
OO0t ooooooooo3.10bo0o0ooboobo0o —oooooooooooo
017900 HzO O +900 00000000000 18100 HzO DO OO

ooboo00 8WkHzOODOOOODOoOooOOooooooooobooooooo
OO0D00O0O0000DO0O PLLO Phase Locked LoopOD D OO OOOOOODOO
O 0 FPGAO Field Programmable Gate Array0 0 0000000000000

o4



Output

Music Digital low

. >(+) >
source pass filter 1 signd
Angle data—s \FM generator
Transmission side
Input signa Band Servo

Wave Frequency_, control
shaping counter signal

output

v

picked up by = pass
amicrophone | filter

Reception side

0 3.3 CyberPerfomer/Hyper 000 00O

gobo2000000000bbboogsbbbuogogoboobuooogn
OO0D00000D0DOO0O0O RCORadio ControlJ 00 O0DOO0O0OODOOODOODOO
goobooooobog2t00oooobobbobobobooboboboon
gbo2000000 150000000000 0OODDOODOODORFMOO0
gbbobooooboobbbuoooobbbuoooobbobdan

gbbobooogbboboooobn

gbboobuogbbooobooboobboobboobobouoboon
gbooboogooood

0000000000000 6dB(A)D000OO0ODOOODOOOOOODOO
Oooboooobobooboooobooooboogo Ccb-RUbDObOOODO
O00000000000D0O0O00D0 Panasonic EAB-MPCH7SO000O00O0OO
OO0D0O0OO0OD0SONY ECM-MSoo7TO D O0O0DoOooooooooobooooonon
Oobobobobobooboobooboboboo 30kgz000Dbooonoon
000000000000000000000O 75dBA) 0000000000

95



gbobogbbgdsudbuogbbuogbuobboobuoobboobogb

gbobogoboboobboobbuoobboobboooboooonooo
OO00bO00O0o000ob0obo0ooobATOOODDODODODODOODODOO
O000000DOOO000DOD SNRO Signal-to-Noise RatioD 0 2000000
120000 FMOOOOOO0OoOO0OOO0bOO0O0bOO00bOo0obO0o0booDbon
OSNROODOOOOOODOD 340000000 00000 OOSNRO 6[dB]O
gboobboigbogbuoobooobooboboobboobooobobogan
gbobbogobobobuoooobobooogbobbuooobbobbbbuooon
gboobodbbooogobooooobooboblobboooobboon
gbbodgbboodbbuoobbooobbooobbobboobboob
OOooooooooboboooooooooobobobooooo ebon
O000000000000000000OMPEG-1 Audio Layer I1I (128 kbits/s)
gboobooooboboboogoboboboooooooo

ggboboo obobboogobbuoogbbodeseboobbbobbbo
ODoo0oooOooooobopCcOO0O0O0OOOOOOODOOODOOOD O
gbbbuoodgbbboooobbbuoobbbobbuooobbbooon
obobobobobooboobooboobooboobuoorooboobon
Ooobooobobod0 8kHzOOOODOoOobOoooooooboboboooo
Oooooboobobooboobooboboboobob 1ekHzOO0O0DOOO
Dbobobooboobooboobooboobon

gboboobboboobobuoboboboob20b40b0000092
gbboggbobbuoguobobuogbbuogbbuoobboobodbooodn
oooooobooboorMOOOObOOLODOooboboboboboobonboon
googobbodbbuogoooboboobbuobooobboobboon
obobooboobod

26



20

=
a1
T

=
o
T

(6)]
T

Maximum error angle [degree]

o

6 18 30 36
Signal to noise ratio [dB]

0 3.4 CyberPerformer/Hyper 0000000000000

CyberPerformer/Hyper 0 00 0000000000000 000O0OOOO
Oo0Doo0oo

gobbooobooogboboobooobbooobbooobbboon
oogd

1. 000 8kHzO0OO FMODOOOOOOODOOOOOOOOoOoooooon
OOoboooobooboboooboboo0o 41 kHzO00D0O0O0O0DOODO
gbbbuoooobbboodobbboooob

2. 000 8WkHzOODOOODOOOODOOoOOoOooooboboooooogo
OooooobooccbboboOoooobooboooboobooboooobooboo
ODoOoooOOo0obOoOooo0ooobooobbo0ooooo AMODOOOOD10
kHzOOOODOODOFMOOOOOO16kHzOOOODOODOODOODOO
gboooboogooboood

o7



3. 000 BkHzOOOOOOODOOOOooOOooooooooooboooooo
gobboboogoooobbobobtbodooooooboboobbbboouoo
OO000DbOO0O0O00O0O0Ob APIDODODOOODOO

4. 000 0O0O0OO0O0OO0O0O0O0OO0O0OOCO0O0O00OOU0OOUoLinear PCMO Pulse
Code Modulation O O O Microsoft WindowsO . wavO OO OO QOO QOO
doooooogod

3.4.2 CyberPerformer/Audio
CyberPerformer/Audio0 000000000

CyberPerformer/Hyper 00 0 0 0000000000000 OOOOOOO
gbobuogobbdbboogbuooobbuooobbuoobbuoobboon
gbobodbobooobooobboobobboobboobbuoobobobooon
gbooboogobobbooogbbobooooboo

CyberPerformer/Audio0 00000000

000000b00bO0o0o0O0obOoooO0obD0obo0oobDOoDODOoDOooOboOoon
O0ooooo3s0boboboboooooooobobooobuobooon
000000000000 0D0000O000O0000DO000000O00O0D0000
0000000000000 00O00000O00D00DO00oooDooooon
O000000000000000DO000o0oooooooooooooon
00000 DTMFO Dual Tone Multi FrequencyO OO O OO OODTMEFOO O
0000000000000 00DO0DO00bODO00ODO0ODOO0bODOODODOO
OO0ODTMFO160000000000D0O0D0O0O0OOD0O0ODOOODOOOOO 3.6
OO0D0D00O000O00ooono

0000000000000 D00000000000DbO0D0O00 PSKO Phase
Shift Keyingd O OO ODDOOODODOODODODDODOODODOODOOODDODODDOO
pSKOODOOOOOODOODOOOOODOoOobOOooooDooooboobobbooo

o8



0000000000000 000O0000DO00DO00DO0bOOo0oO0O00O
000000000000 0000000000O0000O0O00DO00oOoo00n
OO00DO0oO0oOOoDTMFODOODOOOOODOO

gobooboooobuooobuooouUobooobooobuooobo
o000 DIMFOODOODOOOODTMFOODOODO 360000 DTMFOOO
0000 [0 000000000000000000000400000000
OODOODDOOOODOOODTMFOODDOOODOOODODODODDOOOOOOODO
OO000ODTMFOODOOODOOODOOOODOOODOODOOODOOODOOODOO
000000000000 120000000000000000DO00DOODOO0O
O0000O0DO000O0D000O0DO0obOobooooDOooDoon

0o0ooooooooo DTMFOODO DTMFOOOO ICOODODOOOOOO
O 00O 0O Peripheral Interface Controllerd] PICOO OO ORCOOODOOOOOO
OD0Oo0oooprPICO0OO0ODOOODOODODOOODOOODODOOO DTMFOO
000000000008 UODDOO00oDbOO0o0oDbOoooDoOooooooo 20
O00O000000bO00bO0oObO0DO0bOoobDOobODOobD RCODODODOO
Oo0ooo0oo0oboobooooboobooooboobobooboooo 3.7
0000

CyberPerformer/Hyper 00 00000000000 0OOOOOOOOOOO
O00000D000DO0D0O00D01.7kHz000000D000000O000D00O000
O0000000O000000O0bO00obO0bO0ooDOOoboOOobOoOooDOoDO
00000000 Ooog

gbboooogbobobuoooobo

ggbobobuoooobbboogoooboooobobboooobbogd
O00O00b0O0O00ooOOobooOoobobossooo2ob00b0PCOOObnDO
gobobooboboboobobobooboboooobosbobobn
OOooboooooboooboooobbobopCcO0bbObObOO00DbDOOODOODO
Oooboooooobooooboobooobooobooboooooboo pCcOnDO
gboogboboogbbuooobooobbobbooobbuoooboboon

29



Audio — ol
Audio R ~—=> channe
Synchronous; output
Angle process |! .
date — DML, s Right
encoder ~~_ channe
ifri(: output
Transmission side P
L eft ] Audio
channel ——X > output
Input | Servo
Right | . "

\ + |DTMF| Motor control
channel =~=">qecoder| | controller (PIC) signal
input ~ Stereo output

input Reception side P

0O 3.5 CyberPerformer/Audio0 00000

60



Angle [degree] [-30 |-26 |-22 |-18 |-14 |-10 |-6 |-2

DTMEFcode |[D (1 (|2 (3 |4 |5 |6 |7

+2 |+6 |[+10|+14|+18 | +22|+26|+30

8 |9 |0 (* |# |A |[B |C

MM At AL AN, £ 290 A udio
P S A i =y qgnal
M'|HJ!J‘J1”‘}ll"i‘l‘x,'w‘ti‘u‘,‘l l"M‘l’H 1‘1“"”1‘1“1"&1‘1' J‘fl“rWl;“ I:?TI\QIF
b’ ¢ p @
0000 0 ai0f] servocontrol
: signal
20 msec/div J

0 3.6 DTMFOOOOOOOOOOOO/00000000 DTMFOOOOO
gbobobodo

61



Audio

&W I MMM /\WM MAAAMH/\ /\/\N L MA

v j il signal
TR T e iDTMF
“'!M’II‘J! \"J' I[I{MHI‘J’ lu h’ h “Jﬁu‘ 'll‘\\hl‘\ \‘ IM h nh \\\\\H\ ‘ g nal

6( 6degree) 9(+6 degree) A (+22 degree)

Interpolated; 1 ‘

I :-f30§+3+6+10+14
" nn NN nnonnonn psve
control
signd

20 msec/div

037 00b000boobo

62



gbooooaog

gbbodgbooouogbbogbuoobboobooobuoobbooon
OO000D00O00000OSNRO DITMFOOODODOODOODOOOO 1200000
ODO00O0OO00ooDooOOoObOoOOoOoOoooooDoobooOosSNROOOODDOODOO OO
OO0O0D0O000DATODOOOOOOOOODOO SNRO DTMFO 100000
gbbobooogbbbuoooobboboooobbboooobbssggn
D000 O0OO0bO00bo0oboogobDOoOSNRO6dBOOODOODOOODOOODOO
gbobogboboogdbbugobooobuogbooobbuooobooon
gobobooooobbooooobobobbboooobboooobbooonoboon
OO0 DTMFOODOOOOOO0ODOOODODDOO0ObObOOo0bo0obooboon
OO0000D0O0O0O0OO000DODO00b0ODOO00DCOO0OOREALNETWORKS O
gbobooobbuoooobbbooogbbobooobbbooobobbooon
oooooooob DIMFODOOOODOOODDOOODbOOoObOoOobDbDOO
gboogobogobbooobooobbuoobbooobbuoooboboon
0000000000000 20kbits/s0O000000O0O0OOOOOOOOO
gboboogon

CyberPerformer/Audio0 000000000000 000O0O0OOOODOO
oooo0oO

gobbooobooooboboobooobbooobbooobbboon
oogd

1. 000 DITMFOOODODODOOO 1.5%+2H20000000000000
00000000 (70000000000 0000O00000O000O
O4kHzO0OOOOOOOOOOOOOODTMFOOOOOOOMIDIO
gbobooodbobbooobobbooogn

2. 000 2kHz0000000000000O0O0O0O0O0OO0OO0OODODO
OooooooooAMOOOCbDOooorMOOOOOoDOOOOoDOOO
gobbobobbooooooobboboboooooobbobbbougo

63



o K

0 3.8 CyberPerformer/Audio00000000000000O0O0OOO0OOOO

64



100

801

60

40 1

201

Decode error rate [%0]

-6 -3 0 6
Signal to noise ratio [dB]

0 3.9 CyberPerformer/Audio0 000000000000

Dbooboobbooboobboobooboooboobooobo
obobooboobooboobon

3. 000 2kHz0000000000000O00O0DO0O0DOODOODO
gobobobobbooooobobbobbbboooooobobobobbboogo
obobooboobooboobon

4. 000 ADPCMODOOOOODOOOOOOODODOOOOOMP3OOOO
gboobobooooooboooobbooogn

343 UOU0OOOOOOOOOOO

ogoooobboooooobooobooobobboooooo 3100 oo
O00000000o0obOo0oo0ooOooobooobooobooboooooon
0000 CyberPerformer/Hyper 000 0000000000000 00O0O0O0O0O
CyberPerformer/Audio0 0 0000000000

65



0 3.1 0000000 CyberPerformer/Hyperd Audio O O O

CyberPerformer | CyberPerformer
/Hyper /Audio

Wireless o x
Stereo output o x
Cost for decoding x o
Cost for sharing x o
Noise robustness O o
Multiple degree of freedom o O
Control precision o x

344 OU0O0OO0OOOOOO0OOOOOOOOOOOLOOOOOOO
O0o0odboGuUInDoooog

gooooooodoooooooooboooooooooooooa 3.100
OdooooooGuUiIddoooooooooodooooooooooooooao
oot ouoooooooooooood
oo ooooouoooooouooooood
dodooouoooodouooooooouobooooouooooood
000000000 Draghl DropO0 0000000 0O0ODODOMakeD ODOOOO
0 00 0O OCyberPerformer/Audio 0 O O O CyberPerformer/Hyper 0 0 000 O
O0000000000000PlayDOOODOOOOOOODOOOOODOOO
oo ooooooouooouooouo
gddodoodoooooooooooooooooooooooooood
godoooouodoiouooooooooon

3.4.5 00OO0OO0OOO

goboogbobuogbbuooobbuoobboobooobbuoooboon
OO0 FMODODOODOOD0OO0D0O0D00000000D00D00D00ODA CyberPer-
former/HyperOO DO ODTMFOOOODOOOOOOOODOOOOOOOOOO

66



. DTMF Wave CGreator 1.0 NTT Gyber Solutions Laboratorie:

[ [T N S T =

a Drag& Drop
|
|

Angle waveform

0 310 Doogoooboooon

00000 CyberPerformer/Audio0 00000 000000000O0COOOOO
ooooooOooooooOOOOCcODOOOOOCCOOOOOOOOODOOO
opoooooooOoOoOooOOODOODOOCOCOOOO0O0ODODOOOOOOOo
ooooOoO0O0O000O0O0000000000o0ooooooooODO00000
OO00OoGuUIDOO0oooooooooooDbDOOMotionEditordOOO00OOO
oooo

3.5 0O4Ung

gobobooobobobuoobobobobobobuoobobobong
gboboodgbbbogobbuooobbodgbbooboobooobbooon
gooo

67



Dancing robot
built-in decoder

0 3.11 CyberPerformer/Hyper 0000 0000000000000

3.5.1 CyberPerformer/Hyper 0 00O
CyberPerformer/Hyper 000000000

CyberPerformer/Hyper 0 0 3.11000000000000000000O0OO
godboboboogbgbobuoooobooboboboobobobood
OoooobocbobooboooobooooboorMOObDOODOoDO
gboogbobogobugobbuoobobboobooobbuooobboon
oboobbooobbooobbooobuooobobooobbooobob
gobdobooboboboobooboboooobbbooboboooboubobo
gbbodgbbooodbbuobboobbuooobboobboobboon
gbbogboboobboobbooobbuooobbuoobboobboon
gbooboogon

3.5.2 CyberPerformer/Audiol 000
gboooboogoboboood

CyberPerformer/Audio0 000000000 Flute[78, 79000000000
OO0000040ONTTODOOISDNOODOOOODDDODOODOO0OO0O0DODODOO
goddgodobobobobbbobbbobobboboboddooooouoooaa

68



goobbbbobooobotuodgooogooogooobbobbbboboobbDb
gbobogoboboobobooobbuooobbbooobbuoooboboan
O00000000000000(e000e )OTO TOOODOODODOODOOOO
gbobooboboboobobooobobuooboboobobobon
gbbobogdgbbuoodobuoobbboobbboobbooobbooon
gbooboogboboogbobboooobboobbooobbooobbboon
gobbbuooowomobbbbmouomoobomoomooog
bbb boobmobuogboo
goomobotmobmoobmobmoobomboom™mobooboo
goobmooooooboboboboboboboboobobobbooobob
gbobogbboodbbobboobbooobbuoobobooobbood
gboboboboggbbooobbuogobooobboobboobbooon
gbobodgbobooodbbuogbobooobbooooobbuooobboon
goboboooobobboooobbboooobboood

gboboboooobbboooboboboooon

oodoooooooooooooonoooooooooooooodoon
gooooooodooooooooonooonoooo 120000000
gdoooooooodooooooooboodoooooooooooooad
doooooobooooooooooooooooooooooooooon
000000 QuickTime O O O O O Shockwave RealVideo OO D OO0 OO0
CyberPerformer/Audio0 0000000000000 00O0O0ODOOOOOO
gooooooooooobooooonooooooooooonooood
goooooooooooodoooooooooobooooooood
goooooooooo

000000O000DooO0o00oooo0o00ooDo0o0ooDoooooDooOO
000000000000 00HTTPOODOO ApachelOReal OO OOFTP OO
goooooooooooodooooooooon

ooooooooooooooooooooooooooooogooon

69



| 7ME FEE

+ 2 .
R R 1

=]
il

1T Crber Compamications by |

i

oL BT B OT OIS TR
BARAR—UTH, TOADTPIIIENTL
VT RIDHNE: -

AT-sgRT L M- L ESTIRIT
LU SR EERENC B E T - —IDI T
T

LA SRE TR EFI . SOV TR

F—LEFUSHDSRICT AL BiA I RAIDAA T &

£3(02)

0312 0000000000 D0OO0O0O WebOOooooo

70



®$ﬂ) @AALIEXFIC %wiﬁJﬂlj‘i‘félewui @Nﬁgl séﬁi;? / “
e Wp;sg%, ;:;;; 5 _m | { aam / )
[ DETERR : DERHEOBERE I' ‘:
3 &}R? ﬁ € g CLEAR | | /
¥ .
eare , ez The editor gives quasi
= a ) ﬁ . )
3 P i | direct teaching
= = = environment.

0313 dggbbobooguobbooobbboooobboooobbooon
gbobbuoooobbboooobbn

gbobogobbuogoboogbbooobboobboobboobboon
gboobobgu3ubogbobgboboboboboobobobobon
gbodbbuogobbooobbooobbobbooobbuooobboon
gboogoobsiougbobuogboobooobooobbuoobbooban
gbooggbbobboobbogbbduoobbooobbuooobboon
gboobooogoboboogobobooogoooo
g3idbogpoboboobboobooboobboboobbooboon
0000000000 CyberPerformer/Audio0 0 0000000000000
gbbogboboodgbbooobbuoooobbuooobbuoobbooon
gboogbobodgbogbobodobobooboobboobosiogoogn
opoooooo DrMFOOOOOOOOOOODOOO0ObOO0OOoDObOoOobobDOn
goobooooobobooooboobboooooooo

Motion O OO

DTMFOOOOOOOOO0OOO0OO0ODOOOODOOOO0O0OO0o0oOOMIDIDO
O0000000000000000000000000000OCyberPerformer/Audio

71



0314 00o0obOobobooboobooobooboboboooobooogoon

gboobobgooooboooooboooboboobooboobuoobobon
MIDIDOOODUOOOOOO 320 DIMFO 8O UOOODOOOOOOOOoOoon
goboooboobobooobrMFO0OO00D0OO0O0O0OO0O0D0OO0O0OO000bO0ODbO0OO0
0000 1.5%+2H0 (77000 0000000000000 0OOOOO0O0O0
gbooboobobobo12boboo320000000000D006250000
oo DTMFODDOOOOO 20000000000 000DOO0ODOOO0
gbooooboobooobuooooboboobooboooboobonboon
gboobuodgboogboooogoon

3.6 UO0Oooon

gobogboboobbuooobboobbuoooboobboobboon
ggbbodboodbbuooobboodbooobooobuooobboo
gbgobdobogoooboobobobobobuoobobobuobboboo

72



0 32 DITMFOSODODOOODOOODOOOOOO

[Hz] 1209 | 1336 | 1477 | 1633

(Pitch Name, (D6t, | (E6, | (F6t, | (G64,

Actual Frequency) | 1245) | 1319) | 1480) | 1661)
697(F5, 698) 1 2 3 A
770(G5, 784) 4 5 6 B
852(A5, 880) 7 8 9 C
941(A5¢, 932) « 0 ¢ D

gbbodgbodgbbooobboobbbooobbooobboobbood
gbbuogobooobbboobbuoobbooobboobuooobboon
gboboodgbbooodbbooobboobobbooobboooboboon
gbobogobboogobooobboobuogbooobbuooobboon
D000 oooboooobooobol EmailDWebO O OO OOOoooooQ
gbobobgobobobuoobobuooooboobobboobobobon
gbobuooogbbbuoooobbbuoooon
gobodobboobbuoobobboooobbuoobobboobobboon
gboogbbuoggbbobbuooobbooobboobbooobbood
gbobogbboobbooobbuooobbobbooobooobooon
obobobooboobooboobobbobooboobod

73



40 OO0y
J0ooooboboooood
L] [

4.1 0O0OOO0

000000000000 0D0000000000000DOD00DO0oDOoon
0000000000000 0000000O00D000O0oDoDOoDoOooDOooon
O000000oooo00ooooo00oooooooooooooooon
000000000000 00O00O000ooO0obO0oooOoOoDODOobODOOoDOO
0000000000 00o0ooooooo uUSBOo0oooooooooobooon
0000000000000 0D000D0OO00CyberPerformer/Hyper 0000 O
00000000000 DOO0000O0DOO0o0ooobooOoouUSsBOOOOO
OO0000D000oo00oo0ooooooooooooonooooooooono
OO000O0O0DO00O00DbOO0ODbOO0bO00DbO0DO0O0ODbODO0OOobODObbOOD
Oo0o000C0OOOO0OoDOOoOoOooS)ODpoooDOoOOOoOODOUOUUDOOO
O0000Db00o0boobooooooo uUsBOooooooboooooono
000000000000 00000000DO000000o0DOD0oDOooDon
CyberPerformer/Hyper 0 0 0000000000000 OOODODOOOOOO
00000000000 0DO0obOobOooboogo

000USBOOOOOOOODODOOOOOOODOOOOO [80,81,8]000
000000000 ®BU0000000oouUsSBO0000oooooood
00000000 00bO0obOOoooOooDoobOoooooobogusBOoOoOn
OO0000D0DOO000o0oooooooogn

74



0o0ooobooobooousBOooooboooooboooobooobooog
0000000000000 0000000000bO0bO0obOobOOobOOoobOon
O0000000000000000000D0000000OCyberPerformer/Hyper
oobobooobooobooboobuoobobobobooobooo

4.2 USBUOOOOOOOOOO0OOOOOOOOOOO
Jobodooooogobood

4.2.1 USBOUOOOODODOOODOOOOOOOOOO

usBOO0OOOO0ODOOO0O0OO0O0O0O0ODOOOO0O0O0O0OooooooboOoOoooD
OOobooboboooooogoboobousBbobooooooooobobooooog
ggobobobbuooodb oooobobbooooobobobooogoon
gboboggobobuogbbuooubboooobbooboobbbood
gboboboooobbboooboboooobobbuooooboon
gboobuoobuoob booboobuoobuooboobooboobo
gbbogbobboobbuooobbuoobboodbuooobuooobboan
gbbogbobobodgbouooobbobbooobbuooobboobboon
gbobogbobooodbbuogbobooobboobooobboobooon
gbooboogooboboooooboon
gbogbooobooooobooboobobobob obobobobobo
gbbogboboobbuoobboobooobbooobbuooobboon
gbouoggbbuooobooboboobbbogbboobobbooobboon
pCOODODOODOODOOOOOOOOOOOOODOODODODODODOD
gooboodd

000000bO0bO0o0b00ObO usBOOoOOoOoOoOooDpCcOOoOoOOODOD
gbbobbuodgbobooobbooobboobboobbuoobbooob
gboodgbbuogobooobbuooobboobboobbuoobbooob
gbbobooooboboooobboboooon

75



oboooooooooobo uSsBOoooooooooboobD12robobon
gbooooogn

oboobOovusBOOOoOOoOObDOobOObDOOOODUOOoObObOOobOODbDOD
OoO0oO0o0oooOOoO0o0DbOoOooooouSBOoooooooDooOooooOoooo

4.2.2 0000

gobogbogobooobboobbooobboobbuoooboon
gbboboogoobobod

HRN

goOOO0ODODODODODODOOuUSBOOODODOODDOODOOOPCOOOOOOOOO
O0O0O0D0DD USB digital to analog convertedr] USB DAC, Philipsd UDA1321PS]
00 USB DACICO OO Inter IC Sound BusO 2SO 00000000 O0OOO
RCORadio Control0 OO0 0O 0O0OO0DOOOO0ODOOOOOOODOOO200000
O00000000000 FPGAD Field Programmable Gate Array(d ALTERA
0 EPM7160STC100-100000000000000D0 41000000000 4.2
o000

USBDACICOOODOOOODOOODOUSBOOOOODOODODOOOOOOD
00000 D/A0000N0N0N0N0N0N0N0N0N0N0N0N0NONOOo0ooooooog
ODoO0RSOO000000O0O0000O00DOoO0oo0ooDoooooOoooDoog
O0FPGAODOUOOOOODOOOODOOOODOODOOOODODOOOOO
O00000000ORCODOOODOO0OOO0ODOOODODODOOOODOO8OO
Ooooogboooobooobo-9U+9000000000000021120 316
ODoOo0oooOooboo0oobooooboooboooo

gboooggn

gbogboboobdlegobobobbooobogboobbobboon
O00000000O00000000O000D0000000 AAHDOOOODOO

76



USB audio Analogue audio

: " A » Stereophonic

; » audio out

UDAILB2IPS | 1 M/ b
£ 1 g FPGA

: 125Bus: | _
EEPROM| : l lsef vo signal

USB : | Motor | | Motor

{ Futaba RC servo motor
PC :

st e e

041 USBauwdioOODODOODOODOODOOODOO

000000000000000000000000000000000000
00000

015014 P13112C11 01008 DEDI DS DE DA D3 D2 D! DY
POO0DOO0O0O0OO0D0 (13bit)

Cy~C,000000000 007

Ds~D,00000000 000HD 1C1H

4.2.3 0O

gbooboobgb s KHzODUOODODODOsSOoOOooboooooooo
OO00DO0000Db00b00bD00obOob00o0OWindowsOODOOOOOO
gobdboobobuogbobobobobogboboobboboobon
gobbouogoboogooboobobodbbooboobbooboboooon
WAVEOOOOOOOOOoOoooooooooooooooooooboooooo

77



@

:
g
£
&
&
g
2

062000

s

ARRI~ 3 RRRR
; T uReesy

> ' g
(

8¢

il s v s Bve R

042 J0bo0ooboobooboobobbo

78



000000000000WAVEDOODOOOOOOOODOO0O000000000
0000000000000OWAVEDOOOOOOOOOOOOOOOO0O0000
000000000000000000000000000000000000
000 [84)0

4.3 CyberPerformer/Hyper0 000000000
Dooddooooddn

4.3.1 OO

gboboboboooouoobobobobobobooboboboboboo
4A0000bb0ooobbboobbbobbooobbboub2bbood
gosbiouoo4bbbooooobobboooonoo

UooonooDdFrFMO Frequency ModulationD OO0 00O O0O0DO0OOOOOO
O00000DO000O0DOO00DOO00bO00bOO0oDoOOobOOoOobOOoFMODbDO0
OO0O0000 18kHzO0ODOO

4.3.2 O00O0OOOOOO

0000000000 0000Db0O00 43000000000 4400000
OO0000bO0o00O0obO rFrMOOODOODOOODOOODOODOODOOODOODOO
OOo0ob0obooboboooboboob0obobooooboboooob PIC
O Peripheral Interface Controller(] Microchip O PIC16F628A I[/PO0 OO 0OO O
00000000000 bO0bO0obOO0bO0obOooooooooooooPICOO
Oo0oOooooon

000000000 B8kHzOOODODODOODODODODODOODODOODOODOOO
O00000b000O00O0O0b00O0ooO0O0obO0o0obO0obbOOoDOOoooDOoDO
OO00obO0oOobOoprPICOObDOOODOOSYO0DOODOOOD 3200000
000000000000 00000000000000DO000D00oDOo0O0n

79



Band-pass Counter

Band-pass P PIC
filter l lServo signal
................... AUdIO : H

M otor Motor

Futaba RC servo motor

Audio appliance Motor control

043 D000 4ch00000O00DOOOOOOODO

OO0000oboOopPiICODODOOOOOOOPICODODODODODOODOOO
00000 RCORadio ControlUO0 O O0O00O0OOO0ODOODOOODOODOOODOO
goob200000000000000000b00000000 3200000
gob212000000000225000000000000000000000
glisoobogoobobuoodgoosuuguy
gogggoboboboobobo2o0dogooobbbooobboo40000o00
goboboooobbboooobobb2000bbbogoobbbooon
gbodgbbuooobboobobboobbobbooobbuooobboon
obobbob40b000b000booboobobboboobooboon

4.3.3 DOOOODODOOFMUOOUOOOOOOOOOon

gboboobboobboo20b00bbo0o0obboooboo4boonbbo
gooboboooboboboooboobooboobobobobobobon

80



044 D000 4ch0000O00O0OD00ODOODODOOOO

81



041 DOO0ODOO0OOOOFPMODOOOODOOODOOODOOODOOO
HRN

Frequency [Hz] | Control channel | Angle output
0 17895 none -
1789500 17900 Motor A minimum
179000 17940 Motor A 0.8 degrees step
179400 17945 Motor A maximum
179450 17950 Motor B minimum
1795000 17990 Motor B 0.8 degrees step
179900 17995 Motor B maximum
179950 18000 Motor C minimum
180000 18040 Motor C 0.8 degrees step
180400 18045 Motor C maximum
1804500 18050 Motor D minimum
1805001 18090 Motor D 0.8 degrees step
1809001 18095 Motor D maximum
180950 none —

obobboboboobooboobuooboo 41000000

4.3.4 0O

40000000000 000O0bObO0OO0bODbbOOoOooobLbOooOoOoDD
BkHzOODODODODOOoOOooooooooboooobooooboooooboo
gbooodbbogbboooboboobbuogbobuooobooobboan
goooo

4.4 0O0OO0OOO

UusBOOOOOoOobOOoOoooobooooboobooobbooooooboooo
0000000800 RCOODUODDOOODOODOOODOODbOOOODDbOODOUSB
gobooboooboobooobbuooobboobboobooobboon

82



000000000000 00000O000O0bO00DO0oDbOo0oOOoDOOoO0DO
000000000000 00000D000O00000D000D00D0oD0DOOo0n

00 O CyberPerformer/Hyper D 00000 FMOOOOOODOOO400
RCOOODODOODOODOODODODOODOOOOODOODODOODODODOD
0000000000 0DO000O00ODO0DbOO00DO0DO00ODOO0DbOOODOOD
O0000000DO0000D0000O0000000bO00DOO0DbOOoO0DOoDOO
000000000000 oogon

83



s OO

5.1 UOUOOOONO

gbobooobooboboooobuobobobooboboobobo
gbogbobodbboobobbooboooboodobbooobbooob
gbogbobuogbobooobbooobboobbobbobooobbooon
gbobogbooobobooobbooobbuogobbuooobuoobooon
OoOo00000obO0o0b0o0b0o0ob0o0obO00obOOoooOoOoMPEGODOOODOO
gboboboooboboboobobooboboboboboobobon
gbbodgbbuoodbboobbuooobbuoooboobuoobboodan
gboobooogon

glbogobooboobobooobuoobbobuooooboobboobobod
gbobuooooooobbbuoogoboood

O20000Boney0 00000 MPEGOODODODOODOODOOODOODO
gbbogbobodobbuoooboobbooobbooobbobbooob
OoobooboooboobooobooooMPEGOODOOOODOOODOOODO
gbobogbbooodbbuoboboooboobboobbooobboon
OO0000o0obO0oobOooooboobooboMPEGODOODOOODOODO
0000000000000 DA/ADODCOO0ODOOOODOOODOOOOOOOO
00000000000000000000000000000 DA/ADOOO
gbbodgbboodbbuobooobbobbooobbuoobbooon
gbobogbobbooouooobbugobboobuooobuoobbooon
gbobuoooobbbuogoobbbuoooobbobooobbboooon

g3bbobooobobogbbooobbuoodbbooobobboobboon

84



Ooo00obOooooobooo0ooooooooDobooobooboOooboooboOoo
Oo0O000O0O0O0ooO000ooOoOooOooOoO0oboooOoooDoooooooboOog
0000000000000 000oOoO00oooO0oooooDoooooooDOog
Oo0o0oooooooooboooooooboooooo0ooboooooooDooboo
OoO000ooobooOoOooooo0oobooo0ooooooobooooDooboOoo
OoOo00oooooo0ogooboboOooboDbOobo0o0oboooooDobood
O0O0000O0O0000OoO00oooooo00ooDoOooooooooDoooboOog
000000000000 00O00ooOO0ooO0DOo0oO0ooooOooooDo
O000000000000000000O000DOO000DODDO0o0OoODOO
OoO0o0oOo0oOoooOoOoboooDboOoooo

400000 3000000000000 DODOOODODODOOOODOD
OoO00OoOCOOoOooOoDODOODOOOO0U00ODOOOobODOOOObOOOUbODODO
OO00O0O0bOooooobboobooboovusBOoDoooobooOooooooo
0000000000000 00000004CyberPerformer/Hyper 00000
OO0O0FrFMOOOODOOOOODOOOODDOOOOODOOOODODODOOO
Ooo3dbooooooooooboboooboooooobobooboonoo

go0oOoO0bOOo00ooOoO0boOo00bOoO0OooDooOooobooOoooDo
O0O000DOO000OooOo00ooO0oooooooo0oooboooooog
0000000000000 00O00Ooo0o0oooOoooooooo

5.2 O0OOOO

gttt oooooooooo
goobobbbbbootbotdddddddooooooooobobbobooobobn
goobogboboodbbuooobooobbooobbooboobboon
gbbboogbobbboooobbbooaoobbo

85



5.2.1 0O0OOO0OOOOOOOO

gobooobbooobobooobbuoobuoobobooouooobboon
gbobodgobogdbogobboobobooobbuoooboogboboon
gbhobgbobodboboboboooooobbooboboobobobogn

goboodgbbodobobobboobbuoobobooobbuoobbood
gbobogobbuogobboobobbodbboobobooouobbooon
0000000000000 000000000000ooo ®oooood
gbooboboobodgbuogdgbboogbboooobobooobuooobbooon
0000000000000 000000 (10, 8]0

5.2.2 UUOOLOOLOOOOOOOOOO
00/00000000000000000O0OD0000000

Jog40b00obbooobboobboobbooobboobobooon
gboogbobodgbobudgbbobuoobbobooboooooboobanon
gbobogbbooodbbugbboodobbuooobboobbooobobn
gbobogbuogobbooobboobbooobbooobbuooooon
OOOo0O0OO0pPNOOODOODOOODODOOOOOO

gbbbogbubodoboobboobuoobbobbooboobbbon
gbbogboboboodgbbooobbuooobbuboobbuoobboboon
gbbogboobbooobbuoobbooobbuooobboobobood
000000 R7oo000000oooo0o000ooooooooooooog
gooobbobbbbbbbbooogoooooobobobbobbbbobbbn
gbooboboobooboboboobobooboboboboboobobon
gbobuoogobboadgn

LopesUODOOO0OOODOO0ODOODOOODOODODOODLOODOODOOD
gbooboooobbobooogon

86



gbboboooobbbuooogbbobuoooobobuoooobobbod

oo0ob UsBOOOOOOOOOODOODODODODOOObObOODbDOD
gbobgoobbobobobooboboobuobooboobobbobon
oboooboo

gbbogbobuodgbbbooobbuooobboobbooobooobbood
gboobooogoood

gobooobbogobbooobbuooobbooobboobuooboon

gboboooobobgooboboobobobooboboboobobon
gbbogboboobboobduoobboobbooobbooobbood
gboogbboogbboobuogobbobooobbooobbooboabb
gbobooobbooooobbuooobooobbuooobbuooobbood
0000 MAXOOOOOODOOOOOOOOOOODOO 8oooooood
gobogooboboobbooobbooobbboooboboobbooon
gbbogdbbodobobbooboobbooobbuooobbooobob
obobbooobobooboboobooboobooobooooboboboonoo
gbbogbobobobboooboobbogbobooobbuooobboon
gooo

87



L] [

ggbobbooogbbbuoooobbboo bbbuooodg booooo
g obogbboobogubobuoboobbobobooboboobod
obobooobooboobobbooboo NTTOUODDLOODOOobDooDboo
O 0O0000bOO00o0OobO SEgboooooooboobboobooboooDo
gboboobgbooboboobobooooboboooobobobon
gbbogdbbogdgbobbuooobbobuooobbooobbooboon
gbbobuoooobbbuooobbbouoobobboooobo

gobooobbuogobobobobboboobbuooobbuooobboon
gboboboogoobbobuoooobbobooooobb ooobobobo oo
goobobooood bbb ogobobobobooooboooobbobbuoooon
gbbogbodgbobboboobbboobobbooobbuooobooon
gboodbudgbuogbogboobbobbobobooboobbobboon
gboboodbbogbbooobbooobbuoobbooobooobboon
gbobogubbuogoboobbuoobbuogobbooboobobooboan
gooboobooobboobboobboobbooobboobbooon
gbbodgbbobobooobbooobboobbooobbobbooob
gbbogbooodgbuoodub oob o boobooobbuoo bo b ob
gbobogobbooobbobooobobbooobbooobbooboon
gboboooobbboooboboboooon

gobooobbogobooobobboobobooobbuoooboon
ODO0O00000000 O OboOoboATROOODOOOO DOoDobOoDboo
gbbboboogoobbuogbbooobboobbooobooobboodon
gbbogbobobodobobooobbuobbuooobboobobobooboon

88



gboogdgbbuoogbbuoobbuoobbuoobobboobboooon
gbobogoboboogboboooobbooobbooobboobbooon
gbobodgg oo bogbubboodb oobboobooobbooon
goobbboboboboooooooboboboboboooobn oo
gboobdodobto bboouoobobooobouoobobooboobboon
gbobogobobodgbbooobbobbooobbuooobooobboon
gboobO ob ogooobbooggy

gogodoogoooobbbb bbobobbbbbodooooooooo
gboogobogboboobobobooboboboooooboooboonoon
gbboggbbuoobodobbbooobboobbboobooobbooon
00000000000 0000 OO0 D0Dooo0oU0DO oo)ooo oo o
gobobooooobbbooooobbon

goggdoogbobobbbddddddoouooooooooooobo
OO0 00 00000O0bO0b0obO0o000o000o0oDo0ob0ob bobOo R&D
OO00o00oooOoobobooobooooNTTOOO0DO0O000000000
OOoooooooboboSsEbobooboooooooooobooboboboon
gbbogobbooouobbbuooobuogbbboooobbobuooon
gboboboooobobbbooooobobbooo bbb ooobobboooon
oo oboggoboogobboobooobooooobuoobbooboon
gbobooboobooboboobobooobobuoobobooboboonon
gbobog400b0b0obooboboobobooboobobobon
gboogbobubodboobodoo oo obboobob obo boon
gbobogobbuoboobbuooobbuoooboobobooobbooon
OoooobobOobbobOoobobuoboo40000oobbOoboNTTOO
OO0o0O000000oo0ooboobooboooo NTTOOOOOOOODOODODOO
gbbogobuotobbuoobbboobbboobbooobobooon
gboboggbbuoogbubbooobbooguodgbbooobbooon
goboob o dogobboboboooogoboobbobbo3bbouooaon
googbobodgb gobuoobbuooboobobuouobbooooboon

89



gobobbogobbuoogbooobboobbooobboobbooon
gbobogbouogobbooobooobboobooobbuooobboon
goobbodgbbodguoobuobogobooobooobo bobobon
Ooobodb boboboooboboboboooobobboboboobb
gbboggbbuoodgbuboobbboobobbooobbabbooon
oboobo4bod0o0bgbooobobooobooboboboboboobon
gboooodao
gbobobooooooooooobobobobobooNTTORDOODO
goobodbogbboobooobboobobooboobb booboon
gbbdbogobbduoobbobbboobbbooobbuoooboon
gbbuogobbuodgobboobobbuooobbuooobbuoobooon
OoobOoo NTTOhOOOoooooooDoob bobooboboooooo
gbobodb o0 o bbooobbooobbobooboboboobbooan
Oo00oboobobooboooboboboboboooooNTTODODOODOODOO
gbbbuoodgobbboodgbbbooaobbboodobo
goboodbbuoodgbboobbobbooobbuooobooobbob
gbouodgbogbbooobogbogbooobbooboobooobobonon
gboboboooobobbodoooobobbooogbbobooooobbogao
gboobooooooboooobobobooogad

90



[]

1]

HRERE

OO0 0,00 O: “HyperAudio: OODOOOOO0OODOODOOOODOO
oooboy oobooboooobobobobooobobog, HI-88-01,
2000.

00 00,00 0,00 00:“0000000000000000,”00
0, 1997.

OO0 00,00 00,00 00:«0000000O000DOOO0O,, 000
0, Vol. 44, No. 3, pp. 236241, 2003.

Liquid Audio: “Music on the Net, A Topographic Tour of the Online Music
World,” 1997.

OO0 oob: “0bbobo0gooobbobooybbo0 1320,00000, 1996.

00 00: “000000000000000000,, 000000000
0, No. 683, pp. 99-162, 1997.

Ingemar Cox, Joe Kilian, Tom Leighton and Talal Shamoon: “Secure Spread
Spectrum Watermarking for Multimedia,” Tech. Rep. 95-10, NEC Research
Institute, 1995.

00 0: “000000000000,” 30000, Vol. 47, No. 11, pp. 1243
1249, 2006.

OO0 0,“Cc0ob0ob0oboobobobobo -gooog, pp. 7881, 0
gooog, 1997.

91



[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

0000,00000: “00000000000000000000000
0, 0000, Vol. 44, No. 3, pp. 242247, 2003.

Yasemin Yardimci, A. Enis Cetin and Rashid Ansari: “Data Hiding in Speech
Using Phase Coding,” ESCA. Eurospeech97, pp. 1679-1682, 1997.

Daniel Gruhl, Anthony Lu and Walter Bender: ”Echo Hiding,” Lecture
Notes in Computer Science, Vol. 1174, Information Hiding, pp. 295-315,
Springer, 1996.

Walter Bender, Danien Gruhl, Norishige Morimoto and Anthony Lu: “Tech-
niques for data hiding,” IBM SYSTEMS JOURNAL, Vol. 35, NOS 3&4, pp.
313-336, 1996.

OO0 00,00000:“000000000000000O0O,” SCISYs-8.2.C,
1998.

00 000,00 00,00000 0000000 “000000000
000000, 0180000000000000000, pp. 389-392, 1995.

Laurence Boney, Ahmed H. Tewfik and Khaled N. Hamdy: “Digital Water-
marks for Audio Signals,” TEEE Intl. Conf. on Multimedia Computing and
Systems, Hiroshima, pp. 473-480, 1996.

Laurence Boney, Ahmed H. Tewfik and Khaled N. Hamdy: “Digital Wa-
termarks for Audio Signals,” FEuropean Signal Proc. Conf. , Trieste, Italy,
September, 1996.

Vadim Gerasimov and Walter Bender: “Things that talk: Using sound
for device-to-device and device-to-human communication,” IBM SYSTEMS
JOURNAL, Vol. 39, NOS 3&4, pp. 530-546, 2000.

Cristina Videira Lopes and Pedro M. Q. Aguiar: “Acoustic modems for
ubiquitous computing,” TEEE Pervasive Computing, Vol. 2 , No. 3 ;| pp.
62-71, 2003.

92



[20]

[21]

23]

[25]

[26]

[27]

28]

00 00,00 00,00 0:“0000000000000000 —00
OFDM—” 00000000000000000, EA2006-24, pp. 25-29,
2006.

Hideaki Kuzuoka and Saul Greenberg: “Mediating Awareness and Commu-
nication through Digital but Physical Surrogates,” Proc. CHI’99 Extended
Abstracts, pp. 11-12, 1999.

Hideaki Kuzuoka, Shinya Oyama, Keiichi Yamazaki, Kenji Suzuki and
Mamoru Mitsuishi: “GestureMan: A Mobile Robot that Embodies a Remote
Instructor’s Actions,” Proc. of CSCW2000, pp. 155-162, 2000.

Eric Paulos and John Canny: “PRoP: Personal Roving Presence,” Proceed-
ings of the SIGCHI conference on Human factors in computing systems, pp.

296-303, 1999.

Dairoku Sekiguchi, Masahiko Inami and Susumu Tachi: “RobotPHONE:
RUI for Interpersonal Communication,” CHI2001 Extended Abstracts, pp.
277-278, 2001.

Scott Brave and Andrew Dahley: “inTouch: A Medium for Haptic Interper-
sonal Communication,” Extended Abstracts of CHI97, pp. 115-116, 1997.

00 00,00000 000000,0000:“00000000000
0000000000000000,, 000000000, Vol. 43 No. 8,
pp. 2810-2820, 2002.

Tomio Watanabe, Masashi Okubo and Hiroki Ogawa: “A Speech Driven
Embodied Interaction Robots System for Human Communication Support,”
Proc. of 2000 IEEE International Conference on Systems, Man, and Cyber-
netics (SMC.2000), pp. 852-857, 2000.

Michael Kaminsky, Paul Dourish, W. Keith Edwards, Anthony LaMarca,

93



[31]

[32]

[33]

[34]

Michael Salisbury and Ian Smith: “SWEETPEA: Software Tools for Pro-
grammable Embodied Agents,” CHI99, pp. 144-151, 1999.

O00: “CHOCOA NetOOOO,” http://www.labs.fujitsu.com/News/
1999/Nov/15.html, 1999.

000 ODoboooobooooobobooobooooo: “0bo
Ooo0ooooO0oooDoDOoOoO0o0U00 oobooboboobooobooo
O0Oo000od0oOobobooddooboboooooDoboboOoooooood
00, http://www.soumu.go.jp/joho _tsusin/policyreports/chousa/
netrobot/pdf/030711 2b.pdf, 2003.

oo o,b00b,0bbob,o0 o,0bob: “cbobbobboob
goggdooobbobbbo-oogoboboboobbooooooooobobod
Oooooo-070b000o0ooogooboboon, pp. 297-304, 2002.

Ikuo Kitagishi, Tamotsu Machino, Akira Nakayama, Satoshi Iwaki and
Masashi Okudaira: “Development of Motion Data Description Language for
Robots Based on eXtensible Markup Language — Realization of Better Un-
derstanding and Communication via Networks—,” Journal of Robotics and

Mechatronics, Vol. 14, No. 5, pp. 471-478, 2002.

000,00 00,00 00,000 0:“00000000000000
0700000000000,000000, Vol. 14, No. 7, pp. 39-46, 1994.

00 00: “0000000000000000000000000000
00, 000000000, Vol. 17, No. 4, pp. 462-466, 1999.

00 000: “00000000000000000000, 000000
000, Vol. 16, No. 1, pp. 15-18, 1998.

00 00: “000000000000,70190000000000000
000000, pp. 13-14, 2001.

94



[37]

[38]

[41]

[42]

[43]

[44]

00 00: “000000000000000000,” 000000000,
Vol. 20, No. 8, pp. 819-821, 2002.

000,00 00:“0000000000000000000,70000
000000, 2001-HI-95, pp. 139-146, 2001.

D000 D0000000gn: “ReboLink 00000000 ODOOOOOO
OO0 1.1,” http://www.osl.fujitsu.com/osl/contents/RoboLink/, 2003.

o0 ooo0,b0 0,0000,0000: 0000000000000
gbobowwwionouoooogouoobooboooooooobbooo
Oy0b00b0oboobcesdbOonoOonOon, vol. 3, pp. 151-152, 2004.

000,00 00,00 00:“0000000000000000000
00000000000000000000 -WebOODODOOODOOOODO
O0000000000000-, 000000000000000000
000000300000, pp. 2P1-1F-F8, 2003.

SONY Corp.: “AIBO Master Studio,” http://www.jp.aibo.com/ams/,
2002.

The LEGO Group: “LEGO MINDSTORMS, ” http://mindstorms.lego.
com/japan/default.asp, 2000.

BANDAI Co.,LTD: “O000000DO0O, ” http://www.roboken.channel.
or.jp/borg/program/index.html, 1999.

BANDAI Co.,LTD: “O000D000000O0O0O BN-1,” http://www.bn-1.
channel.or. jp/index02.html, 2000.

ooooobooooobooO0: “cooboboboobobooobooDo
00000, http://www.atr.co. jp/html/topics/press_031028_j.html,
2003.

95



[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

Akira Nakayama, Tamotsu Machino, Ikuo Kitagishi, Satoshi Iwaki and
Masashi Okudaira: “Rich Communication with Audio-Controlled Network
Robot,” Proceedings of 11th ITEEE Intl. Workshop on Robot and Human
Interactive Communication, pp. 548-553, 2002.

Raymond Steele and D. Vitello: “Simultaneous transmission of speech and
data using code-breaking techniques,” The Bell system Technical Journal,

Vol. 60, No. 9, pp. 2081-2105, 1981.

Wai C. Wong, Raymond Steele and Costas S. Xydeas: “Transmitting data
on the phase of speech signals,” The Bell system Technical Journal, Vol. 61,
No. 10, pp. 2947-2970, 1982.

00 000: 000000 -00000-," pp. 1-17, 0000, 1993.

00 00,00 000: “0000PCMODOOOOOOOOOOOOOOO
0000000, 000000000, Vol. 38, No. 10, pp. 2053-2061, 1997.

00 00,00 000:“00000000000000000000000
0000000000, 000000000, Vol. 39, No. 9, pp. 26232630,
1998.

00 00,00 O0: “000000MIDIDOOOOOOOOOOOOOO
00, 000000000, Vol. 43, No. 8, pp. 2489-2501, 2002.

Nedeljko Cvejic and Tapio Seppanen: “Reduced distortion bit-modification
for LSB audio steganography,” Proceedings of ICSP 2004, Vol. 3, pp. 2318—
2321, 2004.

Michah K. Johnson, Siwei Lyu and Hany Farid: “Steganalysis of Recorded
Speech,” Proceedings of the SPIE, vol. 5681, pp. 664-672, 2005.

00 0O: “MOOOOOOO0,, 000000000, Vol. 76, No. 12, pp.
1337-1340, 1993.

96



[57]

[63]

[64]

William H. Press, Saul A. Teukolsky, William T. Vetterling and Brian P.
Flannery: “NUMERICAL RECIPES in C,” Cambridge University Press,
1988. (O0O)0O0 00,00 00,00 ODO,0000: 0000000
OO00OoDOoooo, 00000, 1993.

Peter Noll: "MPEG Digital Audio Coding,” ITEEE Signal Processing Maga-
zine, September, pp. 59-81, 1997.

OO0 O0: “000000,) pp. 133-135, 0000, 1998.

o0 od: “cooboooobooooooobooboyoooooog,
530,100, pp. 798-806, 1997.

Maurizio Omologo and Piergiorgio Svaizer: “Acoustic Source Location in
Noisy and Reverberant Environment Using CSP Analysis,” Proc. ICASSP96,
pp- 921-924, 1996.

Brian C. J. Moore: “An Introduction to the Psychology of Hearing,” Aca-
demic Press, pp. 312-314, 1997.

Ohgushi Kengo: “Recent Research on Hearing in Japan,” J. Acoust Soc.

Jpn. (E), vol. 5, pp. 127-133, 1984.

Alan V. Oppenheim and Ronald W. Schafer: “Digital Signal Processing,”
New Jersey, 1975. (00) 00 0O O: “000000000(0,0)” 000
0, 1978.

00 00: “0000000000000000000000000000
000000000000, 0000000,390,90, pp. 614623, 1983.

Tetsuya Hirahara: “Internal Speech Spectrum Representation by Spatio-
temporal Masking Pattern,” J. Acoust Soc. Jpn. (E), vol. 12, pp. 57-68,
1991.

97



[67]

[71]

[72]

[73]

[74]

00 00,00 00,00 00:“000000000000000000
000000000000000,,0000000,500,50, pp. 345-351,
1994.

ISO/IEC JTC1/SC29: “Information Technology - Coding of Moving Pic-
tures and Associated Audio for Digital Storage Media at up to About
1.5Mbit/s - IS 11172 (Part3, Audio),” 1992.

00 00,00 00,00 0: “000000000000000000
O00O00Twin VQUOOOOOOOOOOOD,” 00000000000,
1-P-1, 1994.

David Kirby and Kaoru Watanabe: “Overview of the Report on the Formal
Subjective Listening Tests of MPEG-2 NBC Multichannel Audio Coding,”
ISO/IEC JTC1/SC29/WG11, N1420, 1996.

000,000000:“00000000000000000000,"0
0ooo, 1990.

00 0: “000000000,,0000000,420,100, pp. 816-821,
1986.

00 00,00 00,00 00: “00000000000000,7 p.18,
0ooo, 1990.

00 00,00 00,00 00,000: “RWCO0000O000000:
0000000000000 0000000000000000,” 0000
00000, Vol. 45, No. 3, pp. 728-738, 2004

B.P. Lathi (00),00 000 (00),000 00 (00): “0000—0
000000, 0000, pp. 149-160, 1995.

Brian C. J. Moore: “An Introduction to the Psychology of Hearing,” pp.
50-52, Academic Press, 1997.

98



[77]

[80]

[36]

000000000: “LC7385, 7385M CMOS LSI DTMFOOOOOODO
000, No. 3003C.

Osamu Mizuno and Shin’ya Nakajima: “Synthetic Speech/Sound Control
Language: MSCL,” Third ESCA/COCOSDA Workshop on Speech Synthe-
sis, pp. 21-26, 1998.

Kazuo Hakoda, Tomohisa Hirokawa, Hajime Tsukada, Yuki Yoshida and
Hideyuki Mizuno: “Japanese text-to-speech software based on waveform

concatenation method,” in AVIOS 95, pp. 65-72, 1995.

o0 00,00 00,00 00 “uSBObOOOOOOO0ODOOOOODO
Oopooooobogoy 0 spooboogbooooboooog, pp. 119-120,
2000.

00 00,00 00,00 00: “USBO0O00OO0O00O0O0O0000
0000000000000000, 00000000 2001 OO0, pp.
45-46, 2001.

00 00,00 0,00 0:“00000000000000USBOOO0
000000000000000,,019000000000000000
00, pp. 1189-1190, 2001.

Phidgets Inc.: “4-Motor PhidgetServo,” http://www.phidgets.com/

00 00,00 0,00 00:“0000000000PCO0OOOCOO0
0000, 000000000000000, pp. 609-610, 2003.

International Federation of the Phonographic Industry: “Request for Pro-
posals — Embedded Signalling Systems Issue 1.0.” 54 Regent Street, London
WI1R 5PJ, June 1997.

Fabien A. P. Petitcolas, Ross J. Anderson and Markus G. Kuhn: “Attacks
on Copyright Marking Systems,” Second workshop on information hiding,
Vol. 1525, Lecture Notes in Computer Science, pp. 218-238, 1998.

99



87 00 0,00 0: “000000000000000O,” 00 2001-186093.

[88) 00 0OO0: “000000000000000000000O0,” 000000
0000 100,00000, pp. 67-113, 000 O, 2000.

100



L] [

Al 0J0O0O0O0OOSNR

O0OO000O0 SNROSNRsegD OOOODOOOOODOOSNROAdBODODOO
oboboboboobooboobboobooboobooboobbo

PBERD)

SNR = 101ogy i dB (A1)
B0 S ()~ S
SNR,
SNRseg:FT [dB] (A.2)

0000Sr) 000008 OOD0O0O00ONOOOOOOOOOOO

A2 [0OJ000O0bODOOOODOOOOObDbOOOOn
[]

gboobooboboboboooobobooboboobobobobo
OO0O000O00bOO00oDboO00DoOOo AlIDDOO

l.ggbbogbobogobuooodbobooboonoooboobboan

2. 00b00obooboooobobbobbobboobobboobo
gbooodaog

. 0b0ooobobbooooboobooooboobooooboo

101



) 3
© =
E — 3
g— IFFT <
< -
Frequency[HZ] Time[9|
l minimum phase
8
5 (]
=y Time[s] E
[} = *9
e ol
< < < < S
IFFT exp DFT < 0
Impul se response -

Time[g|

0O A1 OOO0ODOOO0O0ODOOOoOOOoOobobooobobooo
4. 000000000O00OobobObuoooobbboooonoon
. bbuuooobbbuooobobodao
6. J0DOoooobooobod

r.0ogobobooobbuogobbuooobbuoooboooobbooon

A3 0O00O0OO0O0OoOoobooDbO

000000000 s(mDO0000000D0r(n) 0000000000000
O0CSP(k)D0OO00OO0O00O0O00O0OO0OOOOOO00OOODOOOODODOOOOOO
o0 c0020000000-0000000DOODOODOODOODOO
ODOo0oo0ooooooobo cspOoboboboOoDOoOoOoOoOoboOoboboOoDbooO
000000000000 -000000000r(n) 0000000000 s(n)
0000000000000 0000w(n)OOOO

102



. DFT(s(n))DFT(r(n))*
CSP(k) = DET (\ DFT(s(n)) || DET(r(n))" r) (4-3)
T = argglaX(CSP(k:)) (A.4)

A4 0O000O0O0ODDOOOOOOODOOOOOOO
Jooooooood

1. 0000,1998040 220 OO0, “D00D00O00O0DOO0OO0DOO OOOO
ooooboooogogno”

2.0000,19980 60 230 00O, “0000o0oOoooooobooobogo”

3. 0000,19980 70290 OO, “CSOOOO0OOO ODOODOO DODO
o000 ooooooboogcecbgr

4. 0000,1980 70 290 00O, “0000000 (1H)Oooooooo”
5. 0000,19980 70 300 00O, “0000000O (2)oooooono”
6. 0000,19980 70310 00O, “0000000 3)00O0OoooQ”

7.0000,19980 90 300 OO, “MP3OOUODDOOOO OODOO
|:|D77

. OO, 19980 100210 OO, “0O00b0O ODOobbOoOoobDOOg
MpP3O OO ODOO!

103



HRERERE

0d

1.

00 0,000,000,0000:“0000000000000000
000000000, 00000000000, Vol. J83-D-I1, No. 11, pp.
2255-2263, 2000. 0100200000000

Ikuo Kitagishi, Tamotsu Machino, Akira Nakayama, Satoshi Iwaki and
Masashi Okudaira: “Development of Motion Data Description Language
for Robots Based on eXtensible Markup Language —Realization of Better
Understanding and Communication via Networks—, ” Journal of Robotics

and Mechatronics, Vol. 14 No. 5, pp. 471478, 2002.

00 00,000,000,000:“00000000000000 —0O
000000000 —’ 00 VROOOOO, Vol. 9, No. 2, pp. 151-159,
2004.

oo o,00 0,00 00,000,0000:“0b0000DbDOOO
goboboobbobbbbobobbooooggooooooboboboon
OoOoobooooo,”dgbooooboon, Vol. 23, No. 5, pp. 602-611,
2005. 0100300000000

googd

1.

Akira Nakayama, Jinlin Lu, Satoshi Nakamura and Kiyohiro Shikano: “Ro-
bust digital watermarks for audio signal,” Second International Conf. on

Information, Communications and Signal Processing (ICICS’99), 1999.

104



. Ikuo Kitagishi, Tamotsu Machino, Akira Nakayama, Satoshi Iwaki and
Masashi Okudaira: “Motion data description language for robots based
on eXtensible Markup Language,” Proceedings of the 2002 IEEE/RSJ Intl.
Conference on Intelligent Robots and Systems EPFL, Lausanne, Switzer-

land, Vol. 1, pp. 1145-1151, 2002.

. Akira Nakayama, Tamotsu Machino, Tkuo Kitagishi, Satoshi Iwaki and
Masashi Okudaira: “Rich Communication with Audio-Controlled Network
Robot,” Proceedings of the 2002 TEEE Intl. Workshop on Robot and Hu-
man Interactive Communication, pp. 548-553, 2002.

. Masamichi Hosoda, Akira Nakayama, Minoru Kobayashi, Satoshi Iwaki:
“Conference State Estimation by Biosignal Processing - Observation of
Heart Rate Resonance -,” CHI2004 Extended Abstracts, pp. 11871190,
2004.

. Satoshi Iwaki, Akira Nakayama and Masashi Okudaira: “MotionMedia to
Augment Content’s Expressivity and its Evaluation Tests Using a Biological
Sensor,” Proc. of SCI 2004, 2004.

. Yuriko Suzuki, Satoshi Iwaki, Minoru Kobayashi, Akira Nakayama and
Yoshihiro Shimada: “Untethered Force Feedback Interface That Uses Air
Jets,” SIGGRAPH 2004 Emerging technologies, 2004.

. Masamichi Hosoda, Akira Nakayama, Minoru Kobayashi and Satoshi Iwaki:
“Meeting State Estimation using Head Movement,” Proc. AMT2005, pp.
40-43, 2005.

. Akira Nakayama, Masamichi Hosoda, Minoru Kobayashi and Satoshi Iwaki:
“Constructing a Multi-Point Video Conference Corpus Labeled by Par-
ticipants with Reference to Their Feelings Towards “Video Conference-

Grasper,”” Proc. CollabTech2005, pp. 1721, 2005.

105



HRERN

.00 o0,000,000,0000:“C0bO0O0DbOOO0ODLObOOODOD
obhooboooboboboboobo,youboobuoobuooboobooo
0000000, SP98-66 (DSPI8-87), pp. 57-62, 1998.

2.000,000,000,0000:“0b00b0O0bbOOObOOODOOg
O000D00000,19900000000000000000SCIS™990,
T2-2.3, pp. 515-520, 1999.

3. 00 0,00 O: “HyperAudio: 000 ODOOODO0OOOOODODOODO
ooooo,,0b0o0booboobobooobooobooob, HI-88-01,
2000.

4 000,000,0000,000,0000:“00000000000
0000000000 000-00000000000000000000
O00000-707000000000000000, pp. 297-304, 2002.

5,00 0,0000,0000,000,000:“00000000000
0000000000000 00000,, 00000000000, 2003
GN-49 (20), pp. 115-120, 2003.

6. 00 00,00 00,000,000,000:“00000000000
OO00O000oooobobobO g GigikbeokDOOO, 000000
00000, 2003-GN-49 (21), pp. 121-126, 2003.

7.000,0000,000,000:“0000000000000000
000 ScreenServo0 0000, 0000000000000, 00000
00000000000, HCS-2003-1, pp. 19-20, 2003.

. oo Oo,000o,000,000:“Cc0b0o0booboooooooon
OOoooooooooooooo,oboog, MVE2004-50, pp. 1-6, 2004.

106



9.00 00,00 0,00 0,00 0:“0000000000000 —
00000000000— 0000, 2004-GN-50 (7), 2004-EIP-22 (7),
VRO OO, CSVC2004-7, pp. 43-48, 2004

10. 00 00,00 0,00 0,00 0:“00000000000000 —
00000000000 —” VROOOOOOOOOOOOOOOOOO,
CSVC2005-4, pp. 21-26, 2005.

1. 000,00 00,00 0:“0000000000000000000C0
0000, 0000, MVE2005, MVE-2005-41, pp. 83-88, 2005.

12.00 00,00 0,00 0,00 00: “00000000000000
0000000000, 0000, MVE2005, MVE-2005-42, pp. 89-93,
2005.

3. 00 00,00 00,00 0,00 00,00 0:“CD0000D0O0O0O
oooooboobooboy,b2r0 Doooooobobobobob,
2006.

Jogd

1.000,000:“001/f000000000,,000000000 20
000000000000, pp. 40-41, 1995.

2. 000,000,000,0D000:“MPEGOODOOODOOODOOODO
ooobooobobooobooboboyooboobobooob, 2-P-30,
pp. 345-346, 1998.

3.000,000,000,0000:“MPEGOOOODDCOOOOOCOOO
00000000, 00000000000, 1-3-22, pp. 223-224, 1999.

4. 00 O: “0O000000O0O0ODObDOOy DO00DbOobDObDOobObOD
gboobooggn, 1998.

107



10.

11.

12.

00 00,00 0,00 0,00 0:“XMLO0O0OOOOOOOCOOOO
000000000000000000000000000000,”00
000000SID00000000000 1, 1P71-02, pp. 357-358, O O
0D0oooo, 2002

oo oO,0000,000,000:“0000000000O00O0D0O0OO
Os5000000000000O000DO0O0O0,0DO000D00DOSIOOO
OO000D0O000O0 I 1P71-01, pp. 355-356, OO O OO OO, 2002

00 0,000,0000: “00000000000000000000
00000000,,00000000SI000000000000 SI2003,
1F4-6, 2003.

000,00 0,000,00000:“00000MIDIDOOOOO0
000000000000, 00000000SI00000000000
0 SI2004, 1F4-3, 2004.

000,00 0,00 0:“USBO000O000O0O0O0OO00OON0O0O0
000000000000, 00000000SI00000000000
0 SI2004, 1F4-2, 2004.

00 00,00 0,00 0,00 0:“0000000000000 —0O
000000000000 000000—, 0000, A-16-12, p. 321,
2004.

000,00 00,000,000:“0000000000000000
O00000000000000000,”0000000000, pp.75-76,
2004.

00 00,00 0,000,000:¢“00000000000000 —0O
000000000000000000000000—,” FIT2004, M-007,
pp. 105-106, 2004.

108



13.

14.

15.

16.

17.

18.

19.

20.

21.

oo oo,00 0,000,000 “coboboboooobogog —1o
OOo0oOoboooooonD —7vVvROOOO, 2D1-3, pp. 323-326, 2004.

oo 0,00 00,00 0,000:“0000Db0O0O0O0OODbDObDO
Oooooooooooooboobo,yobooogoooooog, 2-P-29, pp.
419-420, 2004.

00 00,00 0,00 00,00 0:“00000000000000
— 000000000000000000 —’ 00000000000
00, 0522, p. 43-44, 2005.

000,00 0,00 0,00 000:“00000000000000
0000000,”0370000000000000000000000,
B6, 2005.

00 00,00 0,00 0:“00000000000000 —0000
00000000000 —’ 0000000, A-15-19, p. 262, 2005.

00 00,00 0,00 00,00 0: 0000000000000,
FIT2005 0 O O, K-047, 2005.

oo 0o,000,000:“gb0o0ob00boboobooooboooobog
OobD400000000000D0OO0OOOy0DoDobooooSsIoog
OO0D0O0DO0O0OO0O S12005, 1D3-2, 2005.

oo 0,00 0,00 0:“0b00b0o0obooobooboooooboog
o000 -0i1gbooobobooobooooobobooboooob-r 0380
OO000DO0bOO0o0ob0ob0oooooboobo, C12, 2006.

00 00,00 0,00 0: 000000000000000000C0
00000000000, 000000000000000000 20060
00 2, pp. 695-700, 2006

109



0O

10.

11.

Iwaki Satoshi, Nakayama Akira, Machino Tamotsu, Kitagishi Tkuo and
Nakamura Yukihiro: “Acoustic signal transmission method and acoustic sig-

nal transmission apparatus,” United States Patent Application 20060153390.

.00 0,00 0:*goboboboboooboobobooboono,” 00 2001-

148670.
OO0 0,00 0:“00000Oono,” 00 2001-175271.

oo 0,00 0,00 0,0000:“00000D0000O0O0ODODO
OO00oOooooDoono,” 00 2001-184597.

OO0 0,00 0:“000000000000000,” 00 2001-186093.

oo 0oO,000,000,0000:“000000000DO0OODOO0OO
OO000DO0bO0ob00ooooooobooboboo,” 0o 2001-239485.

o0 o0,000,000:“00b0ob0ob0o0obobobooooobon
OoOOoooO,” 00 2001-320337.

oo o,00 0,000,0000: 0000000000 ODODOOOD
goboboboboooooobbbbbbiooooooboboobboogo
OO0, 00 2002-127062.

OO 0,00 0:“00000,7 00 2002-150102.

oo 0o,000,0000,000:“000000000000000OO
DoOoboooboooboobooboono, 0gb 2002-305781.

oo oo,ob0o,000,000,0000:“C0000bDOOODOO
OOoOooDoOooD,” 00 2003-039358.

110



12.

13.

14.

15.

16.

17.

18.

19.

20.

oo o,000,000,00bb0,00o00:sooooooooboogog
OOoobO0o0oOooooooboboboouobooobOoooo,” oo 2003-
150186.

o0 o0O,00 00,00 0,00 0: “0bb0o0b0bOo0obobOoooo
0,7 00 2003-173452.

oo 0,00 0,00 00,0000,000:“0b0Ob0ObDOOO
gboogobbuoodbooobboooobuoobbobuooobbod
gobobhboogoogobbbbbbodoooooooboobobbao
OOOoooOoooobooo,” 0d 2004-034250.

oo oo,000,000,000,0000:“00000000000
OO0D00DO0b0ooooooogn,” 00 2004-054841.

00 00,0000,000,000,000,000:“0000000
000000000000000000000000000000000
00000000000000000000000,” 00 2004-171356.

000,00 0,0000,000,0000,000,000: “00
000000000000000000000000000000000
0,7 00 2004-173058.

00 0,000,0000,000,000,0000:¢“0000000
000000000000 000000000000000000000
000000000000 000000000000000000000
0,” 00 2004-350134.

oo oo0,0b00,000,000,0000:“00000DODOO
gbogdbooobbuooobbuooobbboooobbuooobboo
OO00DO0DbO0b0ooooooogon, 00 2005-117155.

o0 oo,000,0bbo,000:“00b0oboob0ooobbooon
OOO0OO0Oooono,” 00 2005-198086.

111



21. 00 00,00 0,00 0,00 0:“0000000000000000
0000000000000000,” 00 2006-065765.

22.00 0,00 00,00 0: “00000000000000000000
00000000000000000,” 00 2006-081005.

23. 00 00,00 0,00 0: “00000000000000000000
0.7 00 2006-228104.

R

1. 000,000:“001/f000000000,, 00000000000
00000, No. 34, pp. 43-48, 1996.

Oogdno

1.

OO0 0,00 0,00 0: “0C000000000000000040dCyber-
Performer/Audiod ,” NTTO O OO OO 2002Feb. Mar O, 2002.

00 0: “000000000000,70000000, Vol. 106, No. 1017,
p. 183, 2003.

ooooobbogn

1.

Ooboooob booboooogobooogDb: “ooboogbooogy
goobooooboboooobobobod, 2005.

MeetBallUOOUOO: “D0000000O0O0O0O0O0OOO0OOOO MeetBall,”
NTT R&D OO OO 0O 2005, 2005.

MeetBall DO OD: “0000000000000000000 MeetBall,”
NTT R&D Expo, 2005.

MeetBall 0 0 0 0 O: “Information Snow,” NTT R&D Expo, 2005.

112



Jogd

.00 0: 00 1/f000000000,000000000000000O
gooooad, 1995.

2. 00 O: “wavelet 0000000000, 0000O000O000O0000
00, 1997.

3. 00 0. “00obobobobbooooobobooobobbooooooboooD
O 0000000000000 ODOOob0ODbO0o0 ooog, NAIST-IS-
MT9751078, 1999.

Joogd

1. “D0000000000DOO0 O0bDOoONTTODO,)O00D0D00O00 2005
0120 19000040

2.“0b00O0bo0oboobo0o booobooyTVOO hO0bOoOOD
020050 120 200000

3. 00bopbooouooooo—o0o0o0boooooboooO,”ITMediaDlODO
0020050 120 200000

4. “00000000000O0O00O0O0O0O0DODOODOOOO0O0),” Internet Watch
020050 120 200000

5. ‘D0D0O0O0oU0ooooooywBsOoDoDOOOD20060 10310000

6. “MeetBall,” 00000000000 O00O0, Vol. 43, No. 2, pp. 69-70,
2006.

7000000000000 MeetBal,” DO OOD20060 40 240000

113



0O

1.000,00 00,00 0,000,0000: 4120200000000
0,7 2002.

2.00 0,00 00,00 0,000:“NTTOLDOODDOODDOODO
00000 0000 0000072002 (00000

. Uboboobooooobo: s“NTTrooooboooooooboobo oboo
O0o0,200500000)

4. MeetBallODO OODO: “NTTOOOOOOOOOODOOOO ODOODO OO
0,7 2006000000

5. 00O O: “NTTOOUODOODOOOUOOoooooO oboo boogb Mvpy
2006.000000

oooood

I.NTTOODOODOODO0OO00O 000000000 2001, 000000
0oooO0, 00, 2001.

[\)

. 000000000000 000000000 2004, 0000000000
0000, 00, 2004.

3. 00000000 SIOD0 ODbobooobooooobo, oo, 20040 .

4. Collabtech2006, 0 O OO OO O, 2006.

ot

. Collabtech2007, D O OO OO O, 2007.

114




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 2400
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 2400
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2400
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /JPN <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


