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Abstract

ROBISUKE, the 3rd generation robot, can es-
timate the mental states of conversational part-
ner using the intonation of the utterances and
the head gestures even if the partner does not
express his idea explicitly with words. Even if
ROBISUKE happens to meet un-known expres-
sions, he can extract the meanings out of the
partner through the conversation. After this
learning process, he can behave appropriately
according to the expressions. These functions
are very important to realize rhythmical con-
versations and avoid the monotonous conversa-
tions. In this paper, we introduce these func-
tions of ROBISUKE.
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Figure 1: ROBISUKE
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Abstract

Human cognitive capabilities, including the one
for audition, develop over time from one’s birth
or conception. From this epigenetic stance,
we are building robots, Infanoids, that develop
their cognitive capabilities through the physi-
cal and social interaction with the environment.

This paper describes what auditory capacity

we need in epigenetic robotics and what out-

comes we expect from this approach, especially

Figure 1: Infanoid and some facial expressions
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Figure 4: How children interact with the robots
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Figure 5: Amodal vs conventional perception
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Abstract
This paper describes verbal interaction
implemented in QRIO SDR-4XII, which is an
The

interaction is designed based on following

entertainment  humanoid  robot.
four policies: Dutilizing user identification,
interaction in real
3)effective

current dialogue technologies, 4)development

2)natural sequence

environment, combination of
of entertainment verbal interaction functions
using LVCSR. In this paper, the implemented
verbal interaction and its design policies are
detail. The

hardware/software architecture of QRIO, on

described in basic
which the interaction is implemented, is also

introduced.
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Abstract

In this paper, a method of detecting and sepa-
rating speech events in a multiple-sound-source
condition using audio and video information is
proposed. For detecting speech events, sound
localization using a microphone array and hu-
man tracking by stereo vision is combined by
a Bayesian network. From the inference re-
sults of the Bayesian network, the information
on the time and location of speech events can
be known in a multiple-sound-source condition.
Based on the detected speech event informa-
tion, a maximum likelihood adaptive beam-
former is constructed and the speech signal is
separated from the background noise and inter-

ferences.

1 Introduction
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Figure 1: An example of the audio information (spatial

spectrum) and the video information (human tracking).
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Figure 2: Bayesian network for fusing audio and video

information.
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Figure 3: An example of a state of Bayesian network.
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Figure 4: Feature vectors for audio and video.
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Figure 5: CPT obtained from the real data.
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Figure 8: A scene of experiment.

Table 1: Sound source configuration in Exp.1

Source Signal | Direction
S1(human) Speech -20°
S2(human) Speech 0°
N1(TV) Speech+Music +30°
N2(Loudspeaker) Music -90°
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Figure 9: The detected and the true speech events.

Table 2: Sound source configuration in Exp.2

Source Signal | Direction
S1(human) Speech +15°
S2(human) Speech —25°
N1(Loudspeaker) | Music -90°
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Figure 10: Input/Separated Waveform. The bars indi-

cate the true and the detected speech events.
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Table 3: Detection rate.
Margin | Rq[%] | R¢[%] | Rr[%]
A (0s) 85.7 81.0 82.2
B (0.5s) | 74.5 60.3 98.8
C (1.0s) | 534 44.4 99.8

Table 4: Speech recognition rate.

Condition | Det. | Sep. | Adp. | r=1.5m | r=3.0m
A On 29.7% 9.6%
B On | On 79.7% 54.3%
C On 26.0% | -36.0%
D On | On | On 91.1% 80.1%
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Figure 11: Architecture of the system.

Figure 12: Appearance of the system.
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Abstract

A novel speech segregation method using a mi-
crophone array with the harmonic structure
based band selection is proposed and applied to
the preprocessing of speech recognition under
the existence of disturbance speech. The band
selection technique is very effective for audio
segregation. However the residual noise spec-
trum caused by the band selection errors deteri-
orates the performance. In this paper we try to
remove the band selection errors using the har-
monic structure in order to improve the perfor-
mance. The experimental results of double talk
recognition with 20K vocabulary showed that
the proposed method reduced errors by 18%

compared to the naive band selection method.
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Abstract

This paper addresses sound source localization,
separation and recognition for three simultaneous
speeches. We have reported such system for hu-
manoids with a pair of microphones. The sys-
tem uses interaural phase difference (IPD) and in-
teraural intensity difference (1ID) for localization
and separation. To estimate IPD and 11D mathe-
matically, we proposed auditory epipolar geome-
try. The auditory epipolar geometry, however, has
two problems. One is that localization and sepa-
ration in higher frequency is weak because it esti-
mates IPD rather than IID that is a dominant pa-
rameter in higher frequency. The other is that IPD
estimation by the auditory epipolar geometry is in-
accurate against sounds from side directions. To
solve these problems, scattering theory in physics
is introduced, and accurate estimation of IPD and
11D based on the scattering theory is implemented
in the system. As a result, improvement of sound
source localization, separation and recognition of
three simultaneous speeches is attained.
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Abstract

The authors have been developing humanoid robots in
order to develop new mechanisms and functions for a
humanoid robot that has the ability to communicate
naturally with a human by expressing human-like
emotion. We believe that in the future, it will be
necessary for personal robots to interact bilaterally
between human and robot. Therefore, the “Need Model”
consisting of the “Appetite,” the “Need for Security”
and the “Need for Exploration” was introduced to the
mental model for humanoid robots. We also defined the
“Need Matrix” and introduced the “Equations of Need”
to describe the robot needs. Robots with the need model
can generate and express active behavior according to
their need. Finally, we implemented the new mental
model to the Emotion Expression Humanoid Robot
WE-4R (Waseda Eye No.4 Refined) developed in 2003.
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Abstract

One of the required features of the ubiquitous
sensor system is paying its attention to our sig-
nals, such as uttering keywords and footsteps.
To detect and localize these signs, it is use-
ful to fuse visual and audio information. The
sensor fusion in previous works is performed
in the task-level layer through individual rep-
resentations of the sensors. This paper pro-
poses another method that fuses sensory signals
based on mutual information maximization in
the signal-level layer. As an example, this pa-
per shows an experimental result of a sound
source localization by audio-visual fusion.
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Abstract

It is natural to take head and body movements into
account in discussing the auditory sound localization
function, because, when we hear sound, there is
often some accompanying movement of the head and
body. If our brain receives consistent auditory and
motion-related information, we can localize virtual
three-dimensional sounds fairly well. This paper
describes the design concept, architecture and
performances of the TeleHead Il, an advance version
of a steerable dummy head system that tracks
three-dimensional human head movement in real
time.
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2. T~y R15¥ — TeleHead I -

T U~y R, SRS, ¥ I—~vy K
W Z X —o~y REREER B EENE S DB
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LHEBIE S REL O SIS, K217 T T
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2.1 ZI—~v
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B L7z, BEENC LY 5 Bt e s O A I 2 5
72902, FYIIEH Lo 7z, [BIFE (Yaw) FAIZ
DOWNWTIX, ¥ I —~~y KRl - RS &S
710 D BRENEAE 2 & 0 7= EEtEE Y SIK A R
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KE) CHEBEERE LT,

— Amplifier ——

= v

Yaw | MOIOI‘
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K2 JFTL~y K1 DO
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m126° . {AJEJT A AAI30° | [BIEEST A A AI90° &
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oo 7RB. ERENREREERNIIEE S D T2 BB v
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SHEREEOBIERE, ¥ I —~v FDOF @%ﬁ
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RS LD bEW LV Thotz, ZDENRN
I, B2 RX7— U OBWCR OIRENA, BT
X I =~y OBy ElnboT~vA 707
FDHEAYT T LERESE O THo T2,
B 5 R RN VT AE IR 4y DR R E N VETH
-7,

SHEREE) OB HEEIEICIL 200ms DIEIENH Y |
EE CHER) KB AITIE T0% b OALE O A —N
—Ya— " RboT. ZOFERKIE, AR OEEE
BBV TR b 2 OEBEIZE )N END Yaw F7
M OBRENZ S L Tl b Bff O KR E W E— X FlE %
o722 & &, Roll B Pitch Jim DERENZAL
mﬁmv4%%%ﬁﬁ%ﬁﬁbt_k ol
IS EUET DL, Yaw J7 A EREIRE O A T
mwﬁww%k\L%ﬁ LB DL EME E B D
LI G T D BN B o T2,

Z =~y ROFROFBUEE L 10mm F2E TH
ST, BEEER L CTHEY (i 72 B oy o iE
EAENTI T W, O, XI—~y K&
SEEED HRTF (Z4 T L b — L o7, ZDOFERA
X, BEY L7-BER E BN 2 S b DBO AR T
EHNONESCAEDERNALE L TN T
Holz, F7o, HRTF JIEFRFOHEAIZREEH VL
DhH o7, [18]
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0 ER A ERR L=, WRIZ, MRI BX O 3%t
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WRY L BRI LAATIER LTZZ 2 —
~v K (DHIb) THDH, ZDOHX I —~y RTAF
oSy RIRC, FEREOFHEH & L THWE,
K A4CHEELE 2FFEDOH I —~y NOBEELZ/RT,

T L~y R CRIBEE o7, BRENEREE ) &
"I —o~y ROBEERY & n o B IRE) & R S
L0, A7 a7 3 OB AT EAS IXFRPD
BREREL, B LU E—F U 2ADOR DB
TvA a7 4 Xz DHMEEIC LT,
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DHl1a DH1b

X4 2286 (RH) & 2FE$HD X I —-~v K (DHla, b)

#1. REELF I =~y FOEZTE (nm)
U WS | BUTE BRI e
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93

T =
.:_K/J. N"-\“ '//J’-N’_\
. .l ‘Yaw Motor Fastrak ..\\\C.;//
,I /’ x
—=
PC
.| Motor
=i Controller

K3 7L~y NI O

3.3 BXEHER

BRENEIZT L~y R 1 £[EC < 3fHDE—H T Yaw,
Roll }TX Pitch Mo 3 HAHEEZFEH LIz, Yaw
FANEE I —~y ROFHERIZ/NYE DD £ —4 (i
EAE RV 0.47 Nm 60 rpm ) ZFEE L CEH:A
=~y REEBRENT 5 A L, Yaw HABE
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4. T~y R 25 —TeleHead T- DYERE
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IR O~TERI] 2, BT VO3FEE (RHL) & Zo
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VW CDH1b, DHIalfRH1 & OZERNZHEH KE -T2,
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ST, —Jh. FI—~y ROHH K (SHEA

D ABRLOER) & B OEIL, FEHHE O ERRN
Ylahote, £, BN bEE LIS BRI
TV 7z, RHIERH2 TIXESN Sy O ZE R T dmmd > 72
B, ZIUXMEANZETH D,
ZOXEIITABWER LIz F 2 —~v FITeEn
WCEHHEL D E/NEZDTHo=D, T~y RI T
AW 2 =~y FE D ITBE X< BHEOFRN
FHHTE7z, BEHE X I—~y FORIRIZENE
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BET L0 L7 3 kocsHACE £ D
RE X —r~y RERERT 2B L3 5 B
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FEH L ¥ 2 —~y FOUEEmER% (HRTF) 1%
HEER O L b HEE CTOERAL 2nd LT,
BENTHIE LT-, FEEEOWPE T, HJEHILIX
Ijﬂiﬁéﬁw%AM~9W TEHEF438 2 HIE S &
U7 A HIE S, B & AKEEIX10° BEIT,
%mmmmihw 2 HIE R & OO &K
AN RKTH20° DINICINE D X9 ICRE LT,
ZhuE, HRTF OWE R 905y LANIZHD T,
BREODAHEZB ST THD, ¥I—~v N
ERFEOBIEICT 2 B D DT, 2N LA
-40~90° T5° PBXITI8T3E. WL 10° BXIT
4698 PE M E Lz, EBHOWPERITZ
ROBESDOY Ty hERoTWND,
HRTF ORIEICIE. RHIOLEL DS FIEANY OfF
Ta ) a HISH CRIEY Li-ERicEs L
NS a5 oY <A 7 v 7 4 (Panasonic,

—y

Response in dB

Frequency in Hz

X 5. FEEHE X I —~v FO HRTF O—fF

WM62-AT102) Z 7=, BIH, FEEHH X I —~
RN HEEZ~A 707 4 & D HRTEIR
HECT HRTF ZMlE L7=[22], & HAHA. RH2OHRTF
RIEIZRH2O B CRIEL Y U= B s vz,

HRTF (ZRH1(Z->V T 2[E], DHlalZ->V T4[E], DH1b
IZDWT3[E], RH2IZOWTLERAIE Lz, d, W
THOLAES., WEZRGT AT, L—FRA
VA —F Tl BER & BEHOALE 23R UAL
B DL I BESbEEITo72, FFITY
7V TR 48 Kz b5 & T LSV R
(TSP) 155 [23]1 &M L., 10[EDFHE L o7z,
HRTF 135125 DFFT THEH L7,

4.1.2 R

[ 5 1ZRH1 (CAG8R), DHla GHERR), DH1b (A43),
RH2 (JREAHR) @ HRTF O—fl%& 74, ZOH
/% RH1 & DHlads JLUDH2b> HRTF 778 LBk A K
XWEATH DD, 9mmﬁﬁ@x&7bw@§j
—HLTEY, ZNLTOREEEmFRICHT 2 X
N7 MBS —EB L TW5, BHRO@Y, RH2D
SHERFEIRIZREL & FEL L TV B 23, RH2OHRTFIZ X
AT NVOARBR0 KH2 AT IZHANTEY | RIS
DHla,b EIXBALMNCE - TS,
ST-OOFEE CHIE L7z HRTF oz ik, (1)
Wk AT MLVEERE L CRIHME LT,

Dzzd(\lzw(Hi—Hj)/Nw)/Nd (1)
ZIT dIFMESNL. o ITAFEKEK. N, (X FFT
DIRA > M Ny FREGLORETH 5, 2%
BIEXT G L 3 HUEE | OREFTNL d12xtd 5 HRTF
% Hi(0,d) % H, S W53 L7,

FEHE X I —~y RO D HRTF OFE% ek L7~
AR AR 6 2R T, 7233, HRTF OFEDE H i 300Hz
~10kHz OFHRTIT - 7o, HIREHIFR U7 2 H X
NI NR— X TCRE) ST A — I OMBETIIC L
% 10 kHz LA o> HRTF OZEE & | HIE R OMEE I
X % 300 Hz LLF D HRTF O & O ZE L2 PR 5
7 TH D, FHENSROE %A 300Hz~20
kHz &2 L ARIZ 2 dB FRERE DA, &Hl
TEMEE ORARIZIAZE TH - 7=, X6 (2% RH1, DHla,
DH1b I FFUUZ DV CTHEEIEIAIE L7 HRTF O #,
SF D HRTF OFHHREZE LR L TH D, 7ok, &7
DOEERNCHBZZNH DN E D Iy 21T
STRER. AEE (p<0.0001) MERDH ST,

W25 2 OOUHEDM O HRTF DAY KL
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7oo AL AEER LT 4 2 —~~> K®D HRTF 73,
AN DFRER LV b AR N DOFEE CTHIE L7 HRTF (2
TN Z L ERY, Bk L= X 92, JBIRIZDH1aD
J573DH1b £ Y & SEEAIZITVIVY, HRTF =) [ =N
WilE LTz, ZAUE, DHIOA Bl D EAEHRH L
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Dbk STl FHHORI% THiR~ A 7 1
7 U EMMEEAMIE D H L CW AR H o 7
72O Thsd, DEVEHIEED I ATHD,

1A IE SRR I BB A Fh I = b N T &
72 WNFEEARHL Tl HRTFOMIEREFEIT2. 5dBTH -
Tre —H BENENLRNE I —~y RTIXZ
DORIFERZEIT/NE < 72V | DHIbTIX1. 8dB, DH1aC
143, 1dBCTH > 7=, DHlaDFHAREZE2DHIb LV 4
KEDPoST-DIX, AR LI-Hfe~A 2707500
REEIDOEETHDL, £D%, DHlalcG - 7c B
AEEVETZ LR LIk > T, DHla?HRTF O
ERRZEIT1. OdBRRE & T35 Z & 2N T
W5,
4.2 BREREE

BR SR EOME LT Lo~y R 2882 AN,
H I FHPCRe # DML D BRF IR & 72 2 K a5 2 RS 0
M LT T o 72, AN RS 17T L~y R
OIEHEO. 5mlZZk @ Lz~ 7 a7 1> (B&K, 4133)
THIE LT, 74 VIRABREITEMIZES Lz~
A 70T b~y K75 FETOHFEZRD S
A E1kHz DE TWIE L7Z%KIZ, ~y K7 3 v
O IECH v 7T 1283 LI IRECTHIE L=,
WTHNOEADL., BIEHFITEICE b OEERES) &
IBIE S EESOEEST MR SR K D ICHEER L,

BERF OB S HE A [ 7 1R, BB
HERE (FER) S EESORFEE (SR, TEIX
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