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Abstract

This paper describes a conversation system,
which can participate and take part in group
conversation.  Group conversation includes
many new problems, which are not cared in
conventional one-to-one conversation: recog-
nition of message exchange (recognize who is
speaking and to whom he is speaking), expres-
sion of them to the users and strategy to take
part in the conversation. We solved these prob-
lems by utilizing multi-modal interface: face
recognition, face direction recognition, sound
source estimation, speech recognition and ges-
tural output using real body of the robot. The
systematic combination of these functions real-
ized a human-friendly group conversation sys-

tem.
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Figure 1: View of the group conversation.
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Figure 2: Part of the participant in the group conversa-
tion. Participants can divide into 2 groups, one is ” par-
ties concerned” and another is "observers”. Parties con-
cerned consist of two participants. One is a participant
who has a turn (”focusee”). The other is the partici-
pant who message of the focusee is directed (”primary

receiver”).
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00000000000000000000000 (22,
23000000000000000000000000
gboboobobboooooooooobooooooooo
ooboooooobbooboboobboooooobon
gooooboobboooobooboobooboooooon
gooboooboooooooboooboobobobooobooboo
ooooboooboobobooboboobooooooooon

gubbobooouoboooooboboboboooaon

goboooooobooboobooooobooooboooobo oo
gbbooooooboooboooooobbbooboa

gobogodoooooobooooooobooooobo

oooooooooooooboobooboooobooo
gooooObooboobobOobObOoooooooboon
goboooboOobOoobobboobooooooooon

gooboboooobooooboooboobobooon

ooooboooobobooooobooobooboooog
oooboobooboooooooobooobooobo
ooobooobOoboooooooooobooboooo

gbooboooooooboboobooooooonn
goboooooboooboboboooboobooon

ooocoooboooooobobbooooooooon
oobooooooobooooon

0000000000000000 30000000
0000000000000000000000000
00000000020 00000000000000
000000000000000000000[24000
0000000000000 0000000000000
00000000000000D00000000000
00000000000 000000000000000
00000000000 0000D00000000000
00200000000000000000000000
0000000000000 000000000000
0000000000000 0000000000000

gobooooooooboooooo

oboboDoooobOoobooobooboobOooooon
booooboobooOooooobooooobobooboo
gbooooboobobooooooooboboooooobo
oooboobooboooooooooooobooooo
oooooooboobooboooboboobobobooboo
gbooobooooooboooboboobooboboobboo
gooobooooboooobobod

8 Ugn

gooogobbobooooobbobobooooobg
oboooooooooooboooboobbOoboobogon
ooboooooooooboooboooooooooon
gobboooboobooooooooboboonbon
gogoooogo

obobooboooooboboooobooboooooooo
ooobobOoooboboooooooboooobobooa
gbooooooobooooboboooboooooooo
gobobooobbobooooobooboooboboboo
ooboooboooboooobobooobobobooooobn
ogoboboobooobooooooobbooooooboo
gobooooboboooobooooooobooooobooo
ooboboooooboobbobooobobobooooboon
oooooboboobbooboboooboboobooooboog
goboooobooobobooboooboo

boobooboooooooooooobooooooo
goooboobbooogoobooooooooooooo
goooboooooooooboooboboobobooogoo
gooooboooboooobooboboobobooooo
goooooooOoobbOooobooooooboooaon
oooooooboooooooboon



AT TEETHAOR A:ZATREE TLORDZEN
RFMIEE DFEE LRIFENTEEIDA TEXEIOB

R:(interest)>B R:(interest)>A R:(interest)>B
B: il A BN TH KL TT DA AT AN TAHATIESV DB B[ T A>R

B:EOEXX ..OR R:(side—glance)
ArTWVERASR DULFFSTLEEU WA

RANNTLZo>A

Figure 4: Sample experiment.



gooo

[1]

[2]

[8]

[10]

[11]

[12]

0000,000,0000,000, “FreeWalk: 3
000000000000000000000000
00, 0000, Vol.39, No.5, pp.1356-1364, 1998.

R. Vertegaal, “Look who’s talking to whom ? Medi-
ating Joint Attention in Multiparty Communication
and Collaboration,” Cognitive Ergonomics Depart-

ment University of Twente, 1998.

0000, 0000,0000,0000, “000
0000000000000 000000000-
WABOT-20000000,” 000000OOO,
Vol.3, No.4, pp.104-113, 1985.

D.Goddeau, E.Brill, J.Glass, C.Pao, M.Phillips,
J.Polifroni, S.Seneff and V.Zue “GALAXY: A

Human-Language Interface to On-Line Travel In-
formation,” Proc. ICSLP’94, pp. 707-710, 1994.

0000,0000,JohnFry, 000,0000, O
0,00000,000,0000,“000000
000 Jijo2000000000,7 0000000
00, Vol.18, No.2, pp.300-307, 2000

Nuance Home (http://www.nuance.com/)

K. Nagao and A. Takeuchi, “Social interaction:
Multimodal Conversation with Social Agents,”
Proc. AAAT'94, pp.22-28, 1994.

0000,0000,0000,0000,00000
000000000000000000000000
00,7 0000, Vol.39, No.5, pp.1240-1247, 1998.

P. Dourish, S. Bly, “Portholes: Supporting Aware-
ness in a Distributed Work Group,” Proc. ACM
CHTI’92, pp.541-547, 1995.

R. Vertegaal, B. Velichkovsky, G. van der Veer,
“Catching the Eye: Management of Joint Atten-
tion in Cooperative Work,” SIGCHI, Vol.29, No.4,
1997

00000,0000,0000,0000,000,
“00000000000000000000000
00000000000000000000000
00, 0000, Vol.38, No.7, pp.1454-1464, 1997.

0000,0000,0000,00000,000
0,“000000000000000000000
0000C0000000000,” 0000, Vol.40,
No.2, pp.487-496, 1999.

[13]

[14]

[15]

[16]

[19]

[21]

[22]

[24]

N. Ward, “Using Prosodic Clues to Decide When
to Produce Back-channel Utterances,” Proc. IC-
SLP’96, pp.1728-1731, 1996.

J. Hirasawa, N. Miyazaki, M. Nakano, T. Kawa-
bata, “Implementation of Coordinate Nodding Be-
havior on Spoken Dialogue System,” Proc. IC-
SLP’98, Vol.6, pp.2347-2350, 1998.

K. Watanuki, K. Sakamoto and F. Togawa, “Analy-
sis of Multimodal Interaction Data in Human Com-
munication,” Proc. ICSLP’94, pp.899-902, 1994.

H. Sacks, E.A. Schegloff and G. Jefferson, “A sim-
plest systematics for the organization of turn taking
in conversation,” Language, Vol.50, No.4, pp.696-
735, 1974.

O00000,0000,0000, 000000
000000000000 00000,” 0000,
NLC99-85 PRMU99-268, pp.49-56, 2000.

0000,0000,0000,“000000000
00 20000000000000,”000000
0000000 00000, pp.469-470, 1999.

0000,0000,“00000000000000
0000000000,” 000 (D-1I), Vol.83-D-II,
No.11, pp.2465-2472, 2000.

00000000 (http://www2.toshiba.co.jp/pc/
service/download/mimi/index_j.htm)

ROBITAOODODDOOOOOODOODO
(http://www.tk.elec.waseda.ac.jp/robita/)

D.A. Norman (0DOO0OO), “000000O0OO?-
oooooooooooo,” 000, 1990.

0000, 0000,0000,0000, “000
000000000000000000000-00
000000 Steif 0000007 000 (D-I),
Vol.J79-D-II No.12, pp.2176-2183, 1996.

000, “0000000000000000000
0,,0000/00/00, Vol.44, No.3, pp.128-135,
2000.



#EEN ALABEFES
Japanese Society for
Artificial Intelligence

gougoboboboobooogd

AIHEREEHRRENH
JSAI Technical Report
SIG-Challenge—0317-2

Utterance Generation with Physical Expression

oo oo oo oo oo O
Michita Imai Testuo Ono Hiroshi Ishiguro
ATROODOODOOO0DOO

ATR Media Integration and Communications Research labs.

michita@mic.atr.co.jp

Abstract

This paper proposes a speech generation sys-
tem named Linta-III, which generates an utter-
ance dependent on a real world situation. To
generate the situated utterance, Linta-III has
a joint attention mechanism, which develops
joint attention between a person and a robot.
The joint attention mechanism employs eye-
contact and an attention expression. The eye-
contact promotes the relationship between the
person and the robot. The attention expression
manifests relevant sensor information with a
physical expression. With the eye-contact and
attention expression, the joint attention mech-
anism is able to draw the person’s attention to
the same sensor information as the robot. As a
result of the joint attention, Linta-III is able
to omit obvious words in the situation from
an utterance description. We also conducted a
psychological experiment on the development
of joint attention. The results indicated that
the eye-contact and attention expression are
significant factors in the development of joint

attention.
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R1: Please look
at the poster!

]

Figure 1: Joint attention and an utterance.
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Figure 2: Everyday Robot “Robovie”
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Figure 4: Attention expression and eye-contact by

Robovie
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Figure 5: Experimental scenes: eye-contact between a
person and Robovie (in the left figure), joint attention
to the poster (in the center figure), and a person looking
at Robovie’s hand (in the right figure).
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Table 2: Experimental result: comparison of the number

of people who looked at a poster pointed out by Robovie

by the effect of eye-contact. (U =5,p < .01)
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Abstract

This paper describes a speech recognition inter-
face for personal robot “PaPeRo”. A Speech
Recognition interface for mobile robot (in-
cluding PaPeRo) needs to have unspecified
speaker’s voice recognition ability and adapt-
ability for the distance between a microphone
and a user. A major problem in realizing the
speech recognition interface is to distinguish be-
tween noises and normal utterances of robot’s
vocabulary. In this paper we suggests a noise
rejection method using “rejection dictionary”.
The rejection dictionary is added to a dictio-
nary of the robot’s vocabulary and recognizes
noise and unknown utterance without inter-
rupting a normal utterance of the robot’s vo-
cabulary. This paper also describes an imple-
mentation method and evaluation result of the

rejection dictionary for PaPeRo.
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Abstract

In this article, we described an autonomous mo-
bile robot equipped with audition as well as vi-
ston and other sensors. The ultimate goal of
this project is a multimodal telerobot, which can
recognize and interact with the environments in
multimodalities. The robot will also be linked to
the Internet. Through the Internet, people can
operate the robot and receive the remote audi-
tory and visual scenes. With the first phase
development, a prototype robot has been com-
pleted. It contains multimedia interfaces, and
has the auditory functions of spatial sound lo-
calization and object tracking. Other auditory
and visual functions such as sound source sera-
pation, sound understanding, 3D sound presen-
tation are now under development.

1 Introduction

The technology of mobile robot is an emerging field with
wide applications. For example, a mobile robot can serve
as a guard robot which can detect suspicious objects by
audition and vision. The robot can also be used as an
Internet-connected agent robot by which the user can
explore a new place without being there. The robot can
even attend a meeting instead of its users so that the
users can get the remote auditory and visual scenes of
the meeting room

For the above mentioned purposes, the robot must
be capable of treating multimedia resources, especially
sound media to complement with vision [1]. Visual sen-
sor is one of the most popular sensors used today for
mobile robots. Since a robot generally looks at the ex-
ternal world from a camera, difficulties occur when a
object does not exist in the visual field of the camera
or when the lighting condition is poor. A robot can-
not detect a non-visual event which in many cases may,
however, be accompanied by sound emissions. In these
situations, the most useful information is given by audi-
tion. Audition is one of the most important senses used

by humans and animals to recognize their environments.
Although the spatial resolution of audition is relatively
low compared with that of vision, the auditory system
can complement and be cooperative with vision systems.
For example, sound localization can enable the robot to
direct its camera to a sound source.

The Internet

S

Displaying and operating interface

A telerobot

Figure 1: A multimodal interactive telerobot

Considering a guard robot patrolling around the cam-
pus of our university, we would need the robot to work in
two different navigation modes. One is the autonomous
mode, the robot will automatically move around the
campus and check for possible suspicious objects. There
were many researches concentrated on the autonomous
aspect of mobile robots. The other one is the human-
piloted (controlled) interactive mode. When the robot
has found some suspicious objects, the robot will be bet-
ter to be controlled by its owner who will order the robot
to approach the objects and check more details about the
objects. Even when the robot is in the controlled mode,
some basic tasks, such as obstacle avoidance, will remain
to function autonomously, because of that the Internet is
not a perfect environement for real time operation, and a
semi-autonomous mode can decrease the operation load
of the users.

23



By integrating the robot with other parallelly devel-
oped telerobot technologies, the robot will also be linked
to the virtual environments. So, the robot can be used
as a actual mobile interface to the real would to pro-
vide the real visual and auditory scenes to the virtual
environments. [2, 3].

2 System and Desired Auditory

Functions
2.1 System
! |
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Figure 2: Diagram of signal flow

Base Platform: The robot is based on the LABO-3
platform of Applied Al Systems, Inc. The LABO-3 plat-
form is a wheel-based mobile robot driven by two-wheel
differential steering with zero turning radius. It has 10
active infrared sensors (6 in front, 2 on both sides and 2
in back) and tactile sensors (in front and rear bumpers)
for obstacle avoidance, and a micro-processor for steer-
ing control and signal processing of built-in sensors. The
battery can provide eight hours power supply when fully
charged. The maximum payload is about 30 kg.
Auditory Sensors: Four microphones are arranged in
the surface of a sphere, where three microphones (x,y,z)
in a same horizontal plane with a shape of regular tri-
angle, and the fourth microphone (o) arranged in the
center with a height so that the four microphones (o-
xyz) form Cartesian coordinates (i.e. ox-oy-oz in right
angles). The diameter of the sphere is about 30 cm.
Vision Sensor: A fixed-directional CCD camera is
mounted on the front of the robot, which is planned to
be upgraded to an active camera system with a pan/tilt
servo platform.

Communication: A radio bi-directional modem is used
for host-robot communication. Four FM transmitters
and one video transmitter are used for audio and video
signal transmission respectively.

Preprocessing Units: Audio4-USB is a DSP-based
data acquisition system with a Motorola DSP56307
(24bit fixed-point) processor. It has four channels au-
dio input and output and is connected to the host PC
via USB interface. TriMedia-TM1300 is a PCI plug-in

DSP board which supports video and two channel audio
input/output with a TriMedia TM1300 DSP processor
(Philips) for digital video, audio and telecommunications
processing.

2.2 Desired Functions

As shown in Figure 3, integration of multimodalities
may greatly increase the capability and the flexibility of
the environmental recognition. Some pilot developments
and researches have been done for integrated object lo-
calization and tracking [4, 5]. However, since auditory
study is behind that of vision, our purpose is to create
a full set of auditory functions for robots, and hence to
promote vision-audition integration as the next step.

Multimodal
Environmental
) Recognition Speec
Object \ SoSn?jnd
Recognition . R o
Multimodal ecognition
T Representation T
/ of Environments \ Source or
co i T Stream
Reconstruction Separation
Complementary
T / Cooperation \ T
Stereo Vision T LSpcz !alat.
Integrated ocalizaion
T Vision and T
Audition
Visual Scene Auditory Scene

Figure 3: Multimodal integration

Spatial Sound Processing: Sound localization is an
important function of the auditory system of a mobile
robot and can also be used for a teleconference sys-
tem to guide its camera to pick up the faces of speak-
ers automatically [6, 7]. In such practical applications,
sound localization is usually performed in reverberant
environments. In the latter sections of this paper we
will focus on the techniques of spatial sound processing
and echo avoidance in reverberation environments [8, 9,
10].

3D Sound Presentation: There are two reasons for
that we have to create binaural 3D sound. One is that
the robot will be used as multimedia interace, for exam-
ple to a teleconference system. The other one is that
as described above, an autonomous mobile robot also
needs to be piloted and controlled by humans to achieve
practical tasks. In this case, the human operator will
need to get 3D auditory scenes of the real environments
where the robot is working. This requirement in some
case can be satisfied by using a dummy head, a binau-
ral microphone system to emulate the acoustics of the
human head. However, the microphone system of the
mobile robot has other important tasks such as sound
localization and source separation. A simple head shape
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like a sphere will simplify the localization and separa-
tion tasks and enhance the localization accuracy. In this
case, we will need a preprocessing to convert the sound
received by the robot head to binaural 3D sound which
can be perceived by humans. In our robot, the micro-
phone head is designed as a sphere with wider interval
distance than that between two ears of humans. Since we
do not used any structures like pinnas of human auditory
systems, elevation cues need to be added by incoporating
spatial cues created by all of the spatial arranged four
microphones [3].

Blind Source Separation: Talking to other persons in
a noisy room, walking in the street, the auditory system
faces the problem of separating complex sound signals
into different sound streams. In spite of the difficulties
that the acoustic events produced by different sources
may overlap in time and frequency domain, the human
auditory system can identify and separate the sources
without effort. What methods are used in the human
auditory system?

As a mathematic model, the task of separating mul-
tiple sources is often described as of solving a multiple
input and multiple output system by only knowing the
output but without knowing the input and the system
itself [11]. The principle of those methods is that the
signals of different sources are usually mutually inde-
pendent. One weakness of this method is the need of
intensive computation power, especially when the posi-
tions of sound sources or the positions of receivers are
time variant. This weakness, however, can be improved
by incorporate with sound localization method to inform
the system the real source positions initially.
Perceptual Auditory Scene Organization: Com-
paring to the above mentioned blind separation meth-
ods, the computational auditory scene analysis methods
are based on the human auditory model of sound stream
organization [12, 13, 14, 15]. The process can be de-
scribed as the following steps. Firstly, the sound signals
are coded and processed by a primary organization stage.
This stage is considered as a bottom-up processing which
is innate but not a learned effect. The time-frequency
represented sound pieces will be organized and grouped
into different substreams according to the so-called pri-
mary cues. After the first step of primary cue processing,
there will be a middle stage, where the different sub-
streams will be integrated into different sound events.
Spatial cues will also be used for the integration [7,
16]. The sound substreams, then, will be processed by a
high level stage which is based on the learned characteris-
tics of different sound events or based on the sound recog-
nition and understanding, the so-called schema-based or-
ganization. This stage is considered to be a top-down
processing which will finally effect the outputs of the
lower stage. Although those methods have achived some
effects for automatic sound organization and separation,
they are still not as flexible as the human auditory sys-
tem. It is partially because of the discovered psycholog-
ical rules are much qualitative rather than quantitative.
In the future development, we will try to construct a
quantitative computational model for the primary and

middle sound organization stage of the auditory system
[17].

Sound Understanding: Sound classification or under-
standing is important for an autonomous robot to rec-
ognize its environments. This is especially true for this
project because we use the auditory system as one of
the major part of the sensing system. Here, sound un-
derstanding does not include speech recognition which
refer to the understanding of the meaning from a spoken
language. Sound understanding will enables the robot
to act in response to what is happening. We will restrict
the target to some special sounds, e.g. sound of human
voice, phone bell, door knocking, door open, walk step,
siren, crash, and so on. The neural network technology
will be used.

Auditory Navigation: Compared to vision, audition
is all-directional. When a sound source emits energy the
sound fills the air, and a sound receiver (microphone)
receives the sound energy from all directions. Some spe-
cialized cameras can also receive an image from all di-
rections, but still have to scan the total area to locate
a specific object [18]. Audition mixes the signals into a
one-dimensional time series, making it easier to locate
any urgent or emergency situation. Audition requiring
no illumination enables a robot to work in darkness or
low light condition. Audition also is less effected by ob-
stacles. So, a robot can perceive auditory information
from sources behind obstacles [6]. One example is to lo-
calize a sound source outside of a room or around a cor-
ner. The robot will first localize the sound source in the
area of the door or corner, and then travel to that point
and listen again, finally have located the sound source.
The ability of Localizing sound source can also be used
for cancellation of positioning errors. Instead of visual
landmarks, auditory landmarks will be used so that the
robot can cancell the positioning error by localize the
auditory landmarks.

3 Spatial Sound Processing

In this section, we describe the first phase development
on the spatial sound processing technology for the mul-
timodal mobile robot.

3.1 Sound localization cue processing

The auditory system used in the multimodal robot has
some similar properties comparing to the human audi-
tory system. The microphones are arranged in the sur-
face of a sphere "head” and with interval distance 30 cm
of about 1.5 times of that of humans. Spatial cues in-
cluding the time difference and intensity difference cues
are used for the multimodal mobile robot.

However, the multimodal mobile robot is not designed
to simulate the human auditory system. It has some
proper features which are based on the engineering needs
of efficiency and accuracy. The sphere shaped head can
simplify the formulation of time difference calculation.
We use four microphones which form the Cartesian co-
ordinates with the origin at the top of the sphere head.
Different pairs of microphone will provide localization
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cues for three orthogonal dimensions. By using the top-
mounted microphone, we can localize the elevation of
sound sources based on the time difference and intensity
difference cues without the use of the relative uncertain
spectral difference cue. To analysis the intensity differ-
ence cue of the sphere head, the head related transfer
functions were measured for all azimuths and elevations
of a 5 degree step.

3.2 Echo Avoidance for sound localization

One important problem of sound localization in real
environments is how to cope with echoes. According
to the EA model of the precedence effect (see Figure
4), the inhibition of sound localization depends on the
sound-to-echo ratio [8, 9]. Suppose the sound intensity
is a(f, t) and the estimated echo is a.(f,t), (both a(f,1t)
and a.(f,t) are amplitude envelop or short-term Fourier
transform of signal in a narrow-subband f). Then the
inhibition will correspond to the ratio a(f,t)/ac(f,t).

Left Localization cue Inte-
cue
. ration
Right processing g
Mixing sg(a/ae)
a(f,t)

1Echo esti-
'mation part

Figure 4: Echo Avoidance model of the precedence effect

Denote the impulse response from the sound source to
a receiver (microphone or ear) as h(f,t), and the part
caused by echoes (removed the effect of the direct sound
from the the impulse response) by he(f,t). The echoes
a(f,t) can be estimated as

ac(f,t) = he(f,t) x a(f,1). (1)

Although the impulse response is unknown, we can give
an generalized approximation which reflects the delay
and decay features of the impulse response,

ge =k ei(tito)/T- (2)
Thus,

ae(f,t) = M{a(f,t —t') ge(t')} for0<t < oco.

(3)
For easy treatment, the summation in the convolution
is replaced by the maximum operation "M’. The delay
time to and decay factor 7 are chosen to match the most
general cases in an ordinary environment. (In the human
auditory system, it should be done by the learning effect
[19, 20].) The decay factor 7, however, does not severely

effect the result of echo estimation. It is because in the
above approximation, the signal a(f,t) contains not only
direct sound but also the echoes. Thus, a(f,t) itself has
the decay feature which due to the echo portions. Be-
cause of this feature, the time decay factor can be much
smaller (about 2 to 5 ms) than that of real environments.

By using the exponential decay feature of the gener-
alized impulse response, the echo estimation algorithm
can be implemented by a feed-back manner as shown
in Figure 4, where t; is the sampling time interval and
d = e */7 and sg is a sigmoid funtion. This algorithm
is very fast with only two multiplication and one com-
parison operations to predict the echoes.

3.3 Integration of localization cues

Since the observed sound signal is usually not constant,
but is continuously time variant. In different time, there
will be different sound sources which mixed together to
form a single one dimensional sound wave. Thus, a
method is needed to integrate the localization cues over
time and distinguish different sound sources.

3.3.1 Weighted cross correlation method

One traditional approach is the use of cross correla-
tion and multi-sensor array beamforming methods [21,
22, 23, 24]. The cross correlation based methods are
popularly used to calculate the time delay of two simi-
lar signals. However, those methods do not distinguish
the direct sound and its reflections. To eliminate the
influence of echoes, we will need a long time period of
data for statistic average. Here, we propose an improved
method, the weighted cross correlation method [25]. By
this method (as shown in Figure 5), the signals are trans-
fered into the time-frequency space, and weighted by the
estimated sound-to-echo ratio. Finally, the signals are
returned back to the time domain, and cross correlation
is performed to the weighted signals.

Experiments of time delay estimation were performed
in an ordinary room with walls , floor, and ceiling made
of concrete. The area of the room is about 30 m?. The
room was empty when the experiments were conducted,
so that the reverbaration in the room was very strong.
The testing sound is radio weather forecast presented by
a male announcer. Two microphones (number 1 and 3)
were detached from the robot head, and placed with a
interval distance of about 13.5 cm. Testing sound was
played from a speaker positioned about 2.9 m from the
center of the two microphones and with an angle of 60
degrees to the center line. In the Figure 6, conventional
and weighted cross correlation for sound between micro-
phone 1 and 3 are indicated by solid and dashed lines.
A dotted line vertical line near the time point of about
0.333 ms indicates the real arrival time delay of test-
ing sound. It is clear that while the conventional cross
correlation was strongly influenced by the echoes and re-
verberations, the weighted cross correlation showed the
correct time delay.

The disadvantage of cross correlation based method is
the low spatial resolution, because of the gentle-slope-
peaks. It is difficult to localize multiple sound sources
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Figure 5: Weighted cross correlation method for time delay estimation

when the interval distance between microphones is small.
However, this disadvantage can be overcome by enlarg-
ing the microphone interval distance.

Cross correlation for microphone 1 and 3 (ordinary room)
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Figure 6: Comparison for conventional cross correlation
and weighted cross correlation method

3.3.2 Time difference histogram method

Another approach is the use of a time difference his-
togram [9]. This method is much similar to the charac-
teristic delay calculation discovered in the owl’s auditory
system [26]. There are possibly more than one time dif-
ference candidates from a value of phase difference

1

D
27rC’f(Awf +27mn.)| < = (4)

At.| =
At =| -

where n. is an integer. To reduce the ambiguity, an
azimuth histogram for sound source direction is used.
Firstly, time difference histograms are formed for all mi-
crophone pairs by adding all of the possible candidates
At. of all frequency bands over a certain time segment.
The time difference histograms of different microphone
pairs are then mapped to the azimuth domain with a
spread depends on the azimuth estimation sensitivity to
the time difference df/d(At). The histograms in azimuth

domain are then integrated by the arithmetical average
to form the single one azimuth histogram. by the final
azimuth histogram, sound sources can be localized as the
positions of peaks. Compared to the cross correlation
based method, the histogram method has higher spatial
resolution and is available for multi-source localization.
Experiments showed this method could localize two si-
multaneous sound sources in an ordinary room with an
accuracy of +2 degrees.

3.3.3 Intensity difference cue

In the above mentioned two methods, the intensity dif-
ference cue does not play any role. It is because in the
previous version of robot, the microphones were mounted
directly in the space without any kind of "head” between
them. Sounds can directly go through the microphones
without any shadow effect. The intensity difference is
only caused by the distance difference and is trivial to
be used as sound localization cue. In the new version of
robot the microphones are arranged in the surface of a
sphere "head”. Due to the shadow effect of the sphere
head, the intensity difference between different micro-
phones became significant. The intensity difference can
be used to help determination of the unique time differ-
ence from the phase difference in the above mentioned
histogram method. Suppose the azimuth and elevation
are estimated to be 6 and ¢, and the measured intensity
difference is d; then it must satisfy the following equation

where H, is the pre-measured interaural transfer func-
tion. This restriction is expected to reduce the redun-
dancy and improve the localization accuracy.

4 Conclusion

In this article, we described a prototype design of a mul-
timodal autonomous mobile telerobot. This robot is
equipped with audition, vision and other sensors. Mul-
timedia interface through the Internet is implemented.
By its first phase development of spatial sound process-
ing, different sound localization methods which are ro-
bust against reverberant environment were proposed and
comparison between the different methods was made.
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The important feature of this project is that we con-
centrate on the sound technologies as well as visual pro-
cessing. It is because that interaction through sound me-
dia between robots and humans is indispensable. With
the auditory functions, the robot will be aware when a
person is talking and to understand where is the speaker.
When dangerous accidents occur with a crash sound, the
robot will be aware and direct the camera to the sound
source.

Although it is difficult to trust robot with complex
tasks at a full-time autonomous robot, we combined with
the autonomous robot with a semi-autonomous mode,
e.g., while the robot keeps some basic autonomous func-
tions, the human users can also control the robot to com-
plement its ower functions. This design will make it eas-
ier to apply mobile robots to practical applications.
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Abstract

We developed real-time human tracking sys-
tem for humanoid robots by integrating vari-
ous modalities obtained from sensors. We use
sound direction, speaker ID, face location, face
ID, object location by stereo vision and mo-
tor direction for modalities, which are extracted
from binaural microphones, stereo cameras and
a potentio meter with a motor. The modali-
ties make a stream by taking their time series
into account. The stream belongs to a name or
a location stream layer according to abstract
level of its modality. When several streams are
close, they are associated in a name or a loca-
tion stream layer. In addition, the associations
can occur between stream layers. The status of
streams influences on “focus-of-attention” con-
trol of robot. As a result, we achieve robust
human tracking even when two persons speaks

simultaneously.
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Abstract

A real-time sound localization/separation sys-
tem for mobile robot application was con-
structed and evaluated in a real office environ-
ment. As for the sound localization, the exper-
imental results showed that the direction of the
two sources was estimated with high accuracy
while the range of the sources was estimated
with moderate accuracy. As for the sound sep-
aration, a recognition rate of 70% for an on-line
recognizer on a network and of 90% for an off-

line recognizer were achieved, respectively.

1 Introduction
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Table 1: Differences of MV1 and MV2.

MV1 MV2
Correlation K, Qr
Advantage high noise | high  tracking
reduction capability
Disadvantage | absence of | performance de-
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Figure 1: Block diagram of the proposed system.

Table 2: Results of the benchmark test. The processing

time for 1 s data is shown.
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Figure 2: Architecture of the DSP system.

Table 3: Location vector database.

Direction Range
60-90 cm range every 10 ° | every 10 cm
100-160 cm range | every 5 ° every 20 cm
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Table 4: Source Location

Source 1 Source 2
Angle | Range | Angle | Range
Real 10 80 70 120
Estimated 10 90 70 140
speech (RVCP)
D E— LAN
o
L] A
o Wireless LAN
| ASRresults
ASR Server

Figure 3: Online ASR system.
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Abstract

Providing a safe and confatable interface while
driving is one of the most important applica-
tions of the spoken language understaning. In
order to build an advanced in-car speech dia-
logue system, there are many problems to be
solved, namely, utterances affected by driving
operation, robust detection and recognition of
speech under heavy noise, understanding highly
spontaneous speech. This paper describes the
research efforts of the Center for Integrated Ac-
soutic Information Research (CIAIR, Nagoya
University) toward the advanced in-car speech

communication.
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Abstract

Recently importance of hands-free speech communication is increasingly recognized. The sound data for
open evaluation is necessary for the studies such as sound source localization, sound retrieval, sound recog-
nition and hands-free speech recognition in real acoustic environments. This paper reports on our project
aiming the acoustic data collection. There are many kinds of sound scenes in real environments. The
sound scene is specified by sound sources and room acoustics. The number of combination of the sound
sources, source positions and rooms is huge in real acoustic environments. We assumed that the sound in
the environments can be simulated by convolution of the isolated sound sources and impulse responses. As
an isolated sound source, a hundred kinds of environment sounds and speech sounds are collected. The
impulse responses are collected in various acoustic environments. Additionally we collected sounds from
the moving source. In this paper, progress of our sound scene database collection project and application

to environment sound recognition and hands-free speech recognition are described.

1 Introduction

Generally, auditory as well as visual information is quite
important for human beings to sense surrounding envi-
ronments. This information is essential for human in-
teraction with the environment. Human beings really
sense the surrounding environments accurately integrat-
ing both visual and auditory information complemen-
tary. For instance, the auditory information plays a more
important role for sensing the rear environments. Here,
we call the sound environments by the word sound scene.

Almost all research on auditory information has been
conducted focusing on the individual study of acoustic
signal processing, auditory processing, and speech com-
munication. However, the most important point is the
close cooperation and integration of these functions to
understand the sound scene. To understand a specific
sound, the system needs to localize the target sound
among multiple sound mixtures in the environment, and
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Figure 1: Real environments

focus on the sound.

The hands-free speech recognition will bring us so nat-
ural and friendly man-machine interface that users are
not encumbered by microphone equipments and that
users can utter from distance while moving. This hands-
free speech recognition is actually an urgent technology
for the hands-free interface of a car navigation system
and a cellular telephone in the car.

If the speaker utters the speech from distance, the
accuracy will be seriously degraded by the influences
of the noise and reverberation of the room (Figure 1).
The speech recognition performance even using a desk-
top microphone will be also varied if the distance be-
tween a mouth and a microphone is changed, and if the
speaker turns his face to another direction. The funda-
mental problems of hands-free recognition already have
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Figure 2: Focus of the RWCP sound scene database from
a point of view of sound sources and acoustic environ-
ments

lain in the previous speech recognition framework. To
these problems, the following technologies are required,

e Robustness to directional noise and omni- direc-
tional noise (diffuse noise) in the room.

e Robustness to acoustic reflection and reverberation
in the room.

e Localization, tracing and recognition of the speaker
among many sound sources including other speakers
and noise.

These problems are quite new ones which previous stud-
ies haven’t been considered. In fact, performance of cur-
rent LVCSR will be seriously degraded if used in this
hands-free context.

To conduct these researches, the collection of sound
scene data in real acoustic environments i1s indispens-
able. The sound scene database contributes to pro-
mote a study of sound scene understanding. Only a few
databases were developed for the study of sound mix-
tures. ShATR [1], reported in 1994, is a database of
multi-simultaneous-speakers. Spoken dialogues of five
speakers using five headset microphones and one desk-
top microphone were collected. Video images are also
recorded by a camera mounted at the ceiling. However,
the ShATR focused only on a study of human percep-
tion of mixture of speech utterances in natural surround-
ings. On the other hand, CAIP and IRST reported
databases collected using a microphone array in [2, 3,
4]. These databases are very valuable for the micro-
phone array studies. However, the variety of acoustic
environments is very limited for a study of sound scenes
in real acoustic environments.

Figure 2 shows the focus of the RWCP sound scene
database from the point of view of sound sources
and acoustic environments. JEIDA database [5], ATR
database [6], and ASJ database [7] are databases col-

lected only for study of speech recognition using a close

talking microphone. JEIDA also includes noise data col-
lected in a car while driving on the real road. As in-
dicated in the figure, the RWCP sound scene database
aims to collect a variety of sound scenes systematically.
The figure also indicates the lack of the database for
the study of source localization, sound retrieval, sound
recognition and speech recognition for hands-free speech
communication and security systems.

In this paper, we describe our sound scene database
which i1s composed of isolated environment sounds and
impulse responses in various rooms. Then the results
of the some experiments using this database are also

described|8, 9].

2 Sound Scene Database

This project is one of the projects supported by RWCP
(Real World Computing Partnership). The objective of
the project is to provide common standard databases for
research concerning real acoustic environments.

It is almost impossible to collect all combinations of
the existing sound sources and real acoustic environ-
ments. Thus, we started to collect two kinds of sound
data. The first data is isolated sounds of environment
non-speech sounds and speech sounds. We call the iso-
lated sounds recorded in an anechoic room by the word
dry source in this paper. The dry source is free from in-
fluences of room acoustics. The second data is impulse
responses in various acoustic environments. The sound
in the environment can be simulated by convolution of
the dry sources and the impulse responses. However,
there are sounds which is unable to simulate by the con-
volution such as non point source sounds and moving
sound sources. We collected those sounds using a three
dimensional microphone array. The microphone array
database enables to extract arbitrary sounds by various
beam-forming algorithms.

The data is collected in an anechoic room, a vari-
able reverberant room, office environments, where many
sound sources exist. Various kinds of sound sources in-
cluding speech are also collected as target sounds.

3 Data Collection
3.1 Dry Source Database

Dry source is the sound recorded in an anechoic room
which is free from room acoustics. The environment
sound can be simulated by convolution of the dry source
and an impulse response if the transmission channel is
linear and stationary. We collected three kinds of en-
vironment sounds shown in table 1. The first class is
collision sounds of wood, plastic and ceramics. The sec-
ond class and the third class are composed of sounds oc-
curred when human beings operate on things like spray,
saw, claps, coins, books, pipes, telephones, toys, etc.
The sounds of the second class are the sounds whose
source materials can not be easily associated. Whereas
the source materials of the third class sounds can be eas-
ily associated uniquely.

We recorded around 100 samples for about 90 kinds
of sounds sufficient enough for statistical model train-
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Table 1: Dry Source sound

Category #samples | Sound source
Collision Sound Wood 1187 wood boards, wood stick
Metal 1000 metal boards, metal stick
Plastic 550 plastic boards, plastic stick
Ceramic 800 glasses, china
Action Sound article dropping 200 dropping article in box
gas jetting 200 spray, pump
rubbing 500 sawing, sanding
bursting and breaking 200 breaking stick, air cap
clapping sound 829 hand clap, slamming clip
Characteristic Sound small metal articles 1072 small bell, coin
paper 400 dropping book, tearing paper
musical instruments 1079 drum, whistle, bugle
electronic sound 705 phone,toy
mechanical 1000 spring, stapler

ing. The recording i1s conducted in an anechoic room by
B&K 4134 microphone and DAT recorder in 48kHz 16bit
sampling. SNRs of the data are around 40-50dB.

File: sig/pan/005.raw
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2000

Figure 4: 14ch linear and b4ch spherical microphone ar-

rays
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[ns] Table 2: Recording conditions for impulse responses
(a) Graph image of waveform A/D, D/A Pavec MD-8000mk2 64ch 24bit
file: pan/O005  (38-79) Microphone 54ch Spherical array
CH=z] .
: 14ch Linear array
16ch Circle array
Source Diatone DS-7 loud speaker

B&K Type 4128 Head-Torso
Source Sounds | Time stretched pulse
Balanced words(216)
Balanced sentences:

TIMIT SX(40), ATR(50)

Figure 3 shows the signal waveform and image data of
the spectrogram waveform with the ”pan” sample of the
dry source (beating a handheld pan with a metal stick)
as sample data of non-speech sound dry source.

3.2 Impulse Response Database

We collected impulse responses at different locations
in different rooms. The sounds are recorded in an ane-
choic room, a variable reverberant room and offices using
3 kinds of microphone arrays by the Diatone DS-7 loud
speaker and B&K Type4128 Head-Torso. Reverberation
times of the rooms are 9 variations from 0.0 to 1.3 sec-
onds. Table 2 shows recording conditions of impulse re-
sponses. Figure 4 shows a 14ch linear microphone array
and a H54ch spherical microphone array used in the data
collection.

Figure b shows a variable reverberant room whose re-

(¢) Photograph of the sound source

Figure 3: Sample data of non-speech sound dry source
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Figure 5: Data collection in a variable reverberation
room

verberation time can be adjusted from 0.3 to 1.3 seconds
by changing reflection walls. The impulse responses are
measured from different angles from the sound source
and a microphone. Also, Figure 6 shows the setup of
these recordings and Figure 7 shows the impulse response
waveforms which are measured in reverberant time 0.0,
0.3, and 1.3 sec. environments.

(a) Variable reverberation room

(b) Tatami - floored room

Figure 6: A setup of recording
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Figure 7: Impulse responses

Figure 8: OPTOTRAK

3.3 Moving Sound Source

The sound in the real room can be simulated by convo-
lution only if the transmission channel is linear and sta-
tionary. However, speakers may move while uttering in
the real situation. We collected a moving sound source
with respective position (x,y,z) simultaneously by OP-
TOTRAK. Figure 8 shows the OPTOTRAK. The OP-
TOTRAK is an infrared optical position sensing system
with very high position resolution whose RMS resolu-
tion is 0.lmm. Phonetically balanced words and sen-
tences (TIMIT SX sentence set and ATR balanced sen-
tence set) are played through a loud speaker attached
to moving sound system. Figure 9 and Figure 10 show
the moving sound system we developed and an example
moving sound source position trajectory for a sentence
utterance. Also, Figure 11 shows the waveforms of cap-
tured signal in anechoic and reverberant environments.
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Figure 9: Equipment used for moving sound data collec-
tion
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Figure 11: Waveforms of captured signal

4 Sound Source Identification Using a
Microphone Array

We conducted a study of statistical sound source identi-
fication and speech recognition using a microphone array
making use of a RWCP database. Sound source identifi-
cation of "speech” and ”"non-speech” and speech recog-
nition were carried out by the convolution of RWCP-DB
impulse responses and a dry speech source of ATR-DB
and a dry non-speech source of RWCP-DB.

4.1 Statistical sound source identification
based on GMMs

Until now, a speech model alone was usually used
for speech/non-speech segmentation [10] or identifica-
tion. However, a single speech model has problems in
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Figure 10: Position trajectory for the moving sound

that 1t not only requires a threshold to identify be-
tween “speech” and “non-speech” but also degrades
the identification performance in noisy reverberant en-
vironments. To overcome these problems, we propose
a new speech/non-speech identification algorithm that
uses statistical speech and environmental sound GMMs
(Gaussian Mixture Models). The multiple sound signals
are identified by Equation (1).

A = argmax P(S(w)[As, An), (1)
A

where S(w) is the captured signal (frequency domain),
As represents the statistical speech model, and A, rep-
resents the statistical environmental sound model. The
signals are identified as “speech” or “non-speech” by es-
timating the maximum likelihood in Equation (1).

4.2 Evaluation experiments

We first evaluate the basic performance of statistical
sound modeling though environmental sound recogni-
tion. Then, the sound source identification performance
is evaluated in distant-talking robust speech recognition.
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4.3 Preliminary experiment: environmental
sound recognition

Environmental sound recognition experiments are car-
ried out with 20 samples for 92 kinds of environmental
sounds and a single transducer in a clean environment.
The feature vectors are MFCC, AMFCC, and Apower.
As a result, the environmental sound recognition perfor-
mance is an average rate of 88.7% in multiple occurrence
environments of the same sounds. This result confirms
that the statistical modeling is very effective not only
for speech recognition but also for environmental sound
recognition.

4.4 Experimental conditions

The sound source identification performance is evaluated
with known multiple sound source positions. Figure 12
shows the experimental environment. The desired signal
comes from the front direction and white Gaussian noise
comes from the right direction. The distance between
the sound source and the microphone array is two me-
ters. In this situation, the statistical sound source iden-
tification performance and ASR performance are evalu-
ated subject to variations in the SNR (Signal to Noise
Ratio) and the environment.

Table 3 shows experimental conditions for statistical
sound source identification. We evaluate the statistical
sound source identification performance using a single
transducer and a microphone array, subject to SNR of
-5dB, ~, 30dB, and clean, and the reverberation times
are Tigo; = 0.0, 0.3, and 1.3 sec. We also evaluate the
ASR performance with the experimental conditions for
ASR which are shown in Table 3.

In this paper, we evaluate the statistical sound source
identification performance with 616 sounds consisting of
speech (216 words x 2 subjects (1 female and 1 male))
and environmental sounds (92 sounds x 2 sets). The
ASR performance is also evaluated with speech (216
words X 2 subjects). Equation (2) shows a definition
of the sound source identification rate (SIR).

JE—

L Qil=ai
0 Qlnl # Q)

SIR = %, ICOT[TL] =

N
> Lo [n] {

DESIRED SOUND
(Speech or Non-speech)

o

90 WHITE NOISE

40°

O O---- 0

MICROPHONE ARRAY

Figure 12: Experimental environment.

Table 3: Experimental conditions for sound sources iden-

tification
Frame length
Frame interval

32 msec. (Hamming window)

8 msec.

MFCC (16 orders, 4 mixtures),
AMFCC (16 orders, 4 mixtures),
Apower (1 order, 2 mixtures)
Speech: 1 model

Non-speech: 1 model

ATR speech DB SetA [6]

150 words x 16 subjects

(8 female and 8 male)
RWCP-DB

92 sounds X 20 sets

Speech: 216 words x 2 subjects
(1 female and 1 male)
Non-speech: 92 sounds x 2 sets

Feature vector

Number of models

Speech DB

model training

Non-speech DB
model training

Test data (Open)

Table 4: Experimental conditions for ASR

25 msec. (Hamming window)
10 msec.

MFCC, AMFCC, Apower (+ CMS [11])
216 words x 2 subjects

Frame length
Frame interval
Feature vector
Test data (open)

where Q[n] is the correct answer, Q[n] is the sound source
identification result, and N is the number of all sounds.
The ASR performance is also evaluated by the word
recognition rate (WRR).

4.5 Experimental results

Figure 13 show experimental results using a single trans-
ducer and a microphone array that steers the directivity
to the known desired sound source position (Delay-and-
sum beamformer [12]). In these figures, the bar graphs
represent sound source identification rates (SIR), and the
line graphs represent word recognition rates (WRR).
First, we focus the bar graphs in Figure 13. In these
figures, by comparing the results using the single trans-
ducer and using the microphone array steering, we can
confirm that the microphone array steering results give a
higher sound source identification performance than the
single transducer results especially in lower SNR envi-
ronments. We therefore confirm that the proposed al-
gorithm can achieve a higher sound source identification
performance by using the microphone array steering.
Second, we describe the robustness against reverbera-
tion on the sound source identification. In Figure 13(b),
the sound source identification performance using the
microphone array steering is almost the same in each re-
verberant environment while the performance tends to
decline slightly in the lower SNR and higher reverberant
environments. With these results, we confirm that the
proposed algorithm can distinguish “speech” or “non-
speech” accurately in higher reverberant environments.
Next, we compare the proposed method with a con-
ventional method using only speech GMM. Statistical
sound source identification was carried out with the con-
ventional method by distinguishing “speech” or “non-
speech” using a threshold. Figure 14 shows the threshold
estimation. As shown in the figure, we calculate accu-
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Figure 13: Experimental results.

mulated likelihood histograms with training data. Then,
we estimate the threshold for the conventional method
by finding the equal probability point with the accumu-
lated likelihood histograms. Figure 15 shows results of
the proposed method and the conventional method with
microphone array steering in Tigg) = 0.3sec. environ-
ments. The sound source identification rate (SIR) is only
about 70% with the conventional method in the higher
SNR environments, although the identification perfor-
mance improves where the SNR is higher. However,
the sound source identification rate is more than 90%
with the proposed method not only in the higher SNR
environments but also in the lower SNR environments,
The performance of the conventional method using only
speech GMM depends a lot on the threshold. However,
the proposed method using speech and environmental
sound GMMs can distinguish “speech” or “non-speech”
accurately because its uses the difference of two GMM’s

likelihoods.

We also evaluate the relationship of the number
of Gaussian mixtures for feature vectors MFCC and
AMFCC and the sound source identification rate. Fig-
ure 16 shows the results. In the figure, we can con-
firm that the sound source identification performance is
almost the same with more than four mixtures, while
the performance degrades with less than two mixtures.
Therefore, the proposed method may be able to distin-
guish “speech” or “non-speech” even if speech and envi-
ronmental sound GMMs consist of few mixtures.

D Likelihood histogram for speech

I:I Likelihood histogram for non-speech
s ACCUMUIated likelihood histogram for speech
—— Accumulated likelihood histogram for non-speech|

Count

Low Likelihood High

Figure 14:
method.

Threshold estimation by a conventional
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Speech GMM and
Non-Speech GMM |[{ |
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Sound identification rate [%0]
o

=
o

Figure 15: Comparison of sound source identification
performance levels using the proposed method and con-
ventional method.

Finally, we focus on the line graphs showing the word
recognition rates (WRR) in Figure 13(a)(b). In these
figures, by comparing the results using the single trans-
ducer and using the microphone array steering, we can
confirm that the microphone array steering results give
a higher ASR performance especially in lower SNR, en-
vironments than the single transducer results. As an
example, we explain the ASR performance in the SNR,
= 10 dB environment. In the 7sq) = 0.0 sec. and SNR =
10 dB environment, WRR is 58.3% for the single trans-
ducer. However, WRR improves from 58.3% to 92.6%
using the microphone array. In addition, in the Tigq =
1.3 sec. and SNR = 20 dB environment, WRR is 37.1%
for the single transducer. However, WRR improves from
37.1% to 64.3% using the microphone array. This con-
firms that the proposed algorithm using the microphone
array results in a higher ASR performance than that
using the single transducer not only in anechoic environ-
ments but also in reverberant environments.

According to the above evaluation experiments, we
confirm that the talker can be localized accurately
by sound source identification using statistical speech
and environmental sound GMMs and microphone array
steering among known multiple sound sources. We also
confirm that the talker’s speech can be recognized ro-
bustly with the microphone array in noisy reverberant
environments.

61



100
S
]
w95 n
S
c
S
= 0] o N
5
=
e o - ]
= 85 [] Anechoicroom [0.0sec]
8 D Reverberant room [ 0.3 sec.]
2] Reverberant room [ 1.3 sec]
80! L L

2 4 8 12 16 24
Number of gaussian mixtures

Figure 16: Relationship of the number of Gaussian mix-

tures for GMMs and sound source 1dentification rate at

SNR = 30 dB.

5 Conclusion

This paper describes sound scene data collection indis-
pensable for studies of sound understanding including
sound source localization, sound retrieval, sound recog-
nition and speech recognition in real acoustic environ-
ments. We collected a dry source database and an im-
pulse response database. Furthermore, we collected a
moving sound data with the respective sound source po-
sition, since moving sound source can not be simulated
by the convolution. Then we tried to identify “speech”
or “non-speech” based on GMM and tried to recognize
the distant talking speech in noisy reverberant environ-
ments.

The collected data is scheduled to be distributed freely
for research purposes by three DVD-ROMs containing
the acoustic dry sound source data, impulse responses,
and sound position information. The information re-
garding to this database is summarized in the following

URL:
http://tosa.mri.co.jp/sounddb/indexe.htm

The page also introduces our schedule of distribution
and a way to get the DVDs. The URL includes not only
the database specification but also theories and methods
of measurement of an impulse response by TSP, esti-
mation of reverberation time, sound source localization,
and convolution. The application researches using the

RWCP database are also described.
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Abstract

One of the ideal robots is a
cohabitant robot that can work together
with human partners in the human
living environment. Such robot is a most
suitable example to study a new
relationship between human and
machine. In these ten years, not a small
number of project named “Humanoid”
have started to develop human-like
machines. Waseda University has a long
history on the research of humanoid
robot since the late-professor Kato
started the project in 1970. This article
introduces my considerations on the
next generation human-machine
interface and the past and current
activities of the humanoid robotics
research group in our university.
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