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Abstract

Toward an ideal human-robot communication, we
created an interactive humanoid robot that complexly
behaves and autonomously interacts with humans by
speaking and taking gesture. This is a testbed for
embodied communication. Our approach is to precisely
measure the interaction represented as body movements
between the robot and humans to identify the essential
embodiment and behavior. We performed an
experiment about the interaction. The body movements
is measured by a motion capture system, and then
compared with subjective evaluation about the robot
and personality of the subjects. It reveals the important
role of the body movements. As the result, we have
verified effect of the well-coordinated behaviors on the
subjective evaluation, and found how important to
measure  the

body movements for evaluating

human-robot interaction.
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Figure 2: interactive behaviors
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Figure 4: example of situated module transition
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Table 1: The used adjective-pairs for subjective evaluation, and the

mean and standard deviation as the result

Mean Std. Dev.
Distance (m) 0.547 0.103
Eye contact (s) 328 61.8
Eye height (m) 1.55 0.124
Moved distance (m) 35.2 17.0
Moved distance of hands (m) 108 29.5
Synchronized movements (s) 7.95 6.58
Touch (num. of times) 54.9 20.8

Table 2: The result about the body movement
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Evaluation [Dist. E.C. |[EEH. M.D. |MDH. [S.M. |[Touch
Dist. -0.04 1.00
E.C. 057 | -0.47 1.00
EH. 0.08 | -0.39 | 0.29 1.00
M. D. -0.32 020 | -043 | 0.02 1.00
M.D.H. 001 | -0.04 | -021 | -0.09 | 049 | 1.00
S. M. 054 | -005 | 028 | -0.05 | 0.15 | 0.61 1.00
Touch 021 | -045 | 049 | -007 | -0.15 | 035 | 0.41 1.00

Table 3: The correlation between body movements and subjective evaluation

O E.C. : eye contact, E.H. : eye height, M. D. : moved distance, M.D.H.: moved distance of hands, S.M.: synchronized movements[]

Eval. |Dist. E. C. M.D. |M.D.H. [E.H. S.M. [Touch
Depression -0.35 -0.25 -0.29 0.33 0.02 -0.07 -0.36 -0.08
Cyclic Tendency 0.02 -0.03 -0.12 0.21 -0.03 -0.21 -0.10 0.24
Inferiority 0.08 -0.22 0.10 0.18 0.09 -0.19 -0.10 0.20
Nervousness -0.13 -0.24 -0.03 0.15 -0.07 -0.10 -0.25 0.23
Lack of Objectivity 0.21 0.15 0.01 0.21 0.18 -0.39 0.17 0.17
Lack of Cooperativeness -0.27 -0.08 -0.13 0.20 -0.19 0.23 -0.41 -0.10
Lack of Agreeableness 0.15 -0.07 0.19 -0.04 -0.27 0.47 0.00 -0.06
General Activity 0.13 -0.25 0.06 0.01 0.11 0.42 0.20 0.17
Rhathymia 0.23 -0.21 0.15 0.28 0.04 -0.03 0.14 0.21
Thinking Extroversion 0.23 0.26 0.18 -0.08 -0.20 -0.33 0.12 0.14
Ascendance 0.28 0.03 0.34 -0.19 -0.11 0.38 0.25 0.12
Social Extroversion 0.51 -0.01 0.32 -0.43 -0.05 0.25 0.26 0.09

Table 4: The subjects’ personality and their correlation with the subjective evaluation and body movements

O E.C. : eye contact, E.H. : eye height, M. D. : moved distance, M.D.H.: moved distance of hands, S.M.: synchronized movements[]
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Figure 6: A model of forming evaluation through the interaction of

the body movements
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Coefficient Value
Distance  gist 0.173
Eye contact X 0.476
Eye height A ep 0.019
Moved distance g -0.228
Moved distance of hands & an -0.029
Synchronized movements O 0.535
Touch Ciouch -0.186

Table 5: the standardized partial regression coefficients

obtained by the multiple linear regression analysis
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Figure 7: illustration of the entrainment score
(upper: about the subject who treated the robot as if it was
humans child, lower : about the subject who embarrassed with

interacting with it)
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ID Contents Evaluation ID Contents Evaluation
TICKLE Tickle -2.09 EXERCISE Exercise 5.75
APOLOGIZE /Apologize -1.96 Ask humans, “May I sing 4
ASK SING . 5.59
Say, “I’m busy”, and refuse song?
NOT_TURN -0.51 .
B to play together CONDUCTOR /A imitating pose of conductor 4.85
SLEEP POSE A pose of sleeping -0.42 IAsk humans, “Where are you|
WHERE_FROM ., 4.55
FULLY FED A pose of fully fed 0.32 from?
Table 6: the worst 5 sifuated modules based on the average ofthe |[LET’S_PLAY Say, “Let’s play, touch me” 4.24

entrainment scores
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Abstract

We present the intelligent function on ASIMO and
integration of the system for autonomous robot.

In this paper, we introduce a technology of
intelligence of ASIMO that used sub system of
vision, auditory and external. The vision system and
the auditory system are useful for interaction with
human to obtain a timing of attention and lead
visual intention. The planning agent handle with
several type of data from sub systems concurently.
We also discuss the external online database system
that can be accessed using internet to retrieve
desired information. We show an experimental
results using intelligent function.

1.Introduction

Humanoid robots are especially desirable in human society
as they can work well in indoor environments that have
been designed for humans. Having a human form makes it
easier for people to identify as compared to other forms.
Humanoid robots like ASIMO can potentially assist
humans in their daily tasks, bringing additional value to the
human society.

Currently, however, humanoid robots are not skilled
enough to perform many tasks that humans routinely do.
This is because their sensory system is poor compared to
humans. Robots have to process several types of raw
sensory data such as orientation obtained by a gyro sensor,
forces obtained by force sensors, image pixel data obtained
by cameras and sound signals obtained by microphones.
Then there is filtered intermediate level data such as
velocity, acceleration, optical flow, edges and color. Finally
there is high-level identifiable data like human face, gesture,
posture, staircase, door, and natural language sentences.

We have developed a sensory system that processes
multiple types and levels of data on ASIMO. We have also
developed functions to understand human intentions to
interact with them and to perform various tasks.

2.Related work

We have developed biped walking robots, humanoid
robots like P1, P2, P3 and ASIMO over the past 16 years.
Our initial goal was to realize a biped walk control to walk

and turn in any direction, as well as for going up or down
stairs in ordinary indoor human environments [1].

In this paper, we focus on the vision and auditory system
for human interaction on ASIMO.

Various vision and auditory systems have been developed
for robot intelligence. Applications vary from robust
navigation in uncertain environments to identification of
humans and interaction with them using gestures and voice.
The humanoid robot Cog [2] realized humanlike
intelligence by distributed computer systems outside the
robot body. SDR-4X [3] is a small stand-alone humanoid
entertainment robot. This robot has a vision system so as to
recognize a human face, avoid obstacle and keep balance
on slanted boad. Flo [4] is wheel type robot to serve elderly
people, providing healthcare and other information related
to activities of daily living. In this system, map based
navigation as well as human interaction using voice, face
detection and tracking were used. Robovie [5] is a wheel
type robot for interacting with people by generating speech
based on joint attention. This system is able to draw the
person’s attention to the same sensor information as the
robot and omit words that are clear from the context.

There are various approaches for robot intelligence.
Artificial intelligence techniques for simulating human
thinking include symbolic processing, cognitive modeling
based on brain mechanism, and emerging new logics such
as in artificial life. Our approach is to model the
relationship between sensory information and behavior
directly.

In section 3, we describe the system hardware and software
structure. In section 4, we describe the vision and auditory
sensing system, navigation and human interaction. In
section 5, we explain the planning behavior based
architecture. Sections 6, 7, and 8 contain discussions on
external database system, demonstrations and conclusions,
respectively.

3.System structure

The current experimental model of ASIMO is a highly
autonomous system compared to our first version that used
external computation for planning and action selection by
GUI. A vision and auditory system has been installed on
ASIMO for navigation in ordinary environments and for
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Figure 1: ASIMO computational structure

human interaction. The intelligence system consists of a
frame grabber, a PC for image processing, a PC for speech
recognition and synthesis, a processor for control and
planning, a radio communication network controller unit
for communication with the external system and DSP board
for detecting sound sources (Figure 1).

Two board color cameras are installed on head unit to
obtain stereo images which are processed to compute depth.
A frame grabber connects the vision computer with the PCI
bus for high speed data transfer. The vision system is
separated from the processor group of control and planning.
Two microphones for sound detection system are installed
on the front side of head.

In the external system of ASIMO, we have developed a
map management system for navigation and specification of
tasks in man-made environments such as offices, museums,
and hospitals. This system is able to send commands to the
robot and allows selection of tasks for execution at
specified locations (such as recognition and speech
dialogue). There is also a database of face images of
different people used to identify people and recognize them
at subsequent meetings.

The experimental model of ASIMO uses several different
operating systems, and a message board for asynchronous
internal communication to achieve tasks and motions. The
control system needs fast processing to perform actions.
Vision processing is slower compared to control processing.
The planning system has to handle both fast (e.g. obstacle
avoidance) and slow situations (e.g. route trace moving).

A communication server manages socket port numbers for
communication among vision and planning processes. The
planning system is an agent-based distributed architecture
system. The planning system is event driven with no central
control to handle unforeseen situations. The construction of
various functions and software of ASIMO is shown in
figure 2.

N
Global ; . Personal Dialogue
ooa Reservation Face Notification ) Riteamict &
Map system e Information manager
J
ASIMO
( Move to indicated pos Y Command by gesture Y Dialogue h
Move on fixed route Interact individual person News/weather
Move around obstacle Make gesture with talking Gazin
g
Following a person
\ A A J
[ Movement & Tasks I Interaction Manager ]
4 )
( Vision Optimize \ 4 h
bum Trajectory 2D 2D/3D Face Voice
Sl generation Gesture Posture recognition recognition
N 4N A 4
' < S
Local map Sound
Obstacle Extract moving objects hace) ound source
) Detection position
Avoidance
N I\ A\
[ Stereo, color, b/w Microphone
[ Control of Leg I Control of arm, hand I Control of head(eye) ]

Figure 2: Function and software

4.Sensory system

4.1 Camera system and image capture

The vision system of ASIMO runs on a PC. The stereo
method is based on SAD (Sum of Absolute values of
Differences). It computes a depth map from two CCD
cameras with b/w images, and does calibration for lens
distortion and rectification (Table 2). The cameras in the
head are located on top of the robot body with many
degrees of freedom. To calculate camera pose, image
capture is synchronized with all joint angles. The frame
grabber has several types of I/O signals and captured

images are synchronized with body motion (Table 3).

The vision system for navigation and interaction takes
images from the frame grabber and processes them to

extract 3D objects and moving objects (Figure 3).

Table 2: S

pecification of stereo system

Base line length

74mm

Imaging sensor

1/3"Color CCD x 2

Picture elements 768(H)x480(V)

Focal length 4mm

CPU Mobile Pentium ITII-M 1.2GHz
Disparity image size 320(H) x 240(V)

Disparity range 32 pixels

Stereo frame rate 20fps

Software processing

Correction of lens distortion and rectification

Table 3: S

ecification of frame grabber

bus interface

CompactPCI

input signal

S-Video/RS-170A

input channel

2¢ch (S-VIDEO), 2ch (b/w)

Sampling NTSC 4fsc(14.31818MHz)
sync. VS, HD, VD
LUT Y 8bit—16bit, CrCb16bit—16bit

frame memory

256Mbyte (90frame ring buffer)

sync. Pulse

0~ 16msec/field. Delay;5VTTL

async. Pulse

ON/OFF range;0~ 16msec

time code sync pulse stamp on frame
Shutter SONY XC-ES alternate
Transfer 64bit DMA

host OS WindowsNT 4.0
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Figure 3: Vision system software configuration

4.2 Speech system and sound localization

For speech recognition and synthesis, we use a
commercial voice recognition engine and speech synthesis
product. However, the audio quality and intonation of voice
need more work and they are not yet satisfactory for use on
the robot. We control sentence and words tags for smooth
speech. The sound and speech are important to get human
intention under an ordinary environment. Sound source
detection is able to identify human voice tones and step
sounds. The shape of envelope of sound signal and the
direction of the sound is computed from the volume and
time difference of the signals at two microphones. The
sound detection resolution is able to detect 1 degree by
estimation (Figure 4). When someone calls ASIMO, it turns
its head to face the person. When something falls on floor,
it turns its head to gaze what happened.
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Figure 4: Sound direction
Horizontal axis: Real sound direction, Vertical axis: Estimated
sound direction

4.3. Obstacle detection for navigation

Many autonomous robots perform navigation under an
ordinary environment using vision, sonar, infrared sensor
and range finders. ASIMO makes an in memory local map
using vision. It reconstructs a map of the neighborhood
surrounding the robot and uses it to move to the point of
interest on a pre-defined route. The vision bumper handles
obstacle surrounding the robot with simple 8 bit pattern
from the local map data (Figure 5). Obstacles detected from
stereo depth map data are updated frame by frame in
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Figure 5: Image and top view of surroundings.
White region is robot’s view. Purple rectangles are obstacle. Blue
cone patterns are range of vision bumper.

time sequence. Obstacles are modeled using their bounding
box. ASIMO can turn its head horizontally from +/-83
degrees, and can therefore make a wider local map covering
+/-113 degrees.

4.4.Human and gesture recognition for interaction
Interaction is important for any kind of robot to perform
tasks in human society like carrying luggage, pushing a cart,
serving drinks, taking tools from the table and so on. The
robot has to wunderstand human’s high-level task
requirements by using its low-level sensory modules such
as eyes, ears and tactile sensors .

Human tracking algorithm is able to track humans and their
actions. An optical flow based algorithm extracts the
foreground from the image even when robot head and body
are in motion. Snake algorithm extracts contours of human
shapes and can separate multiple people in the scene.
Human head position is estimated at the top of the contour.
Face detection makes use of a model of skin color to
extract face contours. Face recognition is based on the
Eigenvector Method [6] (Figure 6).

3 Pre:13

Figure 6: Extraction of humans in the scene.
Each color region is human position, point in contour is the
human contour center. Numbers describe the direction and

length of human from robot. Oval on face signifies
recognized person.

Our 2D gesture recognition algorithm detects the position
of the hand and estimates the action using a Bayes
statistical model. It is able to identify hand, face and side
and front profiles of body. Recognized gestures include
handshake, hand circling, bye-bye, hand swing, high-hand
and come here call. Human gesture computation is done
using the robot front view image (Figure 7).
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Figure 7: Handshake gesture recognition.

Our 3D gesture recognition algorithm can recognize
pointed hand gesture based on the head and hand position
relationship using depth map data from stereo (Figure 8).

5.Planning system

5.1 Software architecture

Many models of autonomous robot architecture for
navigation and interaction have been proposed. RHINO [7]
gave tours in museum for visitors. The system was
organized in hierarchical modules to control a robot.

The ASIMO planning architecture is behavior-based and
has deliberative and reactive layers. Behavior-based
architecture [8] combines deliberative planning like high-
level human commands and reactive behavior control for
navigation in a rapidly changing environment. Behavior
agents use distributed processing, are event driven, use
asynchronous communication, and have no supervisor in
each layer. The behavior agents in our system are listed in
table 4.

Each agent handles data from the vision system, auditory
system and other agents. The cycle time of deliberative
agents is larger than that of reactive agents. For example,
Movement agent makes a route every 500 ms. to avoid
static obstacles. Static obstacles are detected by a potential
method using a local map data that is updated by the vision
system every 120 ms. Object avoidance in Walk agent has a
33 ms. cycle. Walk agent can stop and turn the robot when
an obstacle suddenly appears. It uses the sensory behavior
space generated by reward and penalty based learning on a
simulator to decide motion direction. It is updated under
real environment, if a robot was able to avoid obstacles or
not(Figures 9,10,11).

Table 4: Functions of planning agents
1) Agents in Deliberative Layer

Movement Getting route data from Global map.

Agent Calculating direction towards sub goal and approach
there.

Obstacle avoidance by potential method.

Issue command for task.

Interaction Switching scenario of task.

management Selecting a dialogue depending on task.

agent Selecting an action using posture/gesture recognition
result and voice recognition.

Dialogue Switching dialogue based on voice recognition.
Agent Switching a dialogue to speech with action
Retrieving and making dialogue form Internet.

2) Agents in Reactive Layer

Walk Making a step command for walk depends on
Agent surrounding objects.
Obstacle avoidance by vision bumper.

Eye control Attention a moving object.

Agent Attention and gazing sound.

Gaze by command.

Sleeping./ look around as no any input.

Sound source Detecting a position of sound source.

detection Evaluation of human voice tone.
Agent
Robot control Walk command, action command accepted from other
interface agent agent.
Broadcast a latest state of robot.
Movement agent(Deliberative)
Calculate
Global Desire direction
map for next sub goal
Making Local Path
Local —tp»  from obstacles
map L map A
Walk agent(Reactive
Vision geni( ) v_
bumper —» Chose a local
behavior
Sensory _‘> v v
-Behavior |
selector |
space :
data
ASIMO 7 command

Figure 9: Obstacle avoidance mechanism

7\

Figure 10: New route for obstacle avoidance.
Red rectangles show generated local path. Blue oval are
obsatcles.

180dgree
0

0 - E— 255 -180dgree

Figure 11: Sensory-behavior space.
Vertical dots; a case of vision bumper pattern (256).
Horizontal dot;safe direction to move (5 degrees/dot).
Black; not safe to move, White; safe to move. Gray; no
data.
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5.2 Integration

All agents run simultaneously and handle minimally
necessary input data. Once the condition for agent
invocation is satisfied, the agents become active and work
on achieving their tasks. In case of conflicting behaviors,
agents negotiate with each other by sending commands.
Agents receiving commands inhibit or modify their
behaviors by updating parameters for acting behavior. For
example, when Interaction management agent gets a
command from a known person, it forwards the same
command, frame number of image, and other information to
Dialogue agent, Move agent and Eye control agent.
Dialogue agent selects and executes appropriate speech
synthesis. Move agent inhibits motion behavior toward sub
goal. Eye control agent receives data of a moving object
with frame number at every cycle and selects the object to
gaze. The default eyes (head pan/tilt) moving are based on
stimuli of processing of vision and auditory. When some
stimuli received a human position data from a vision system,
then gaze human face. When some stimuli received a
human voice from an auditory system, then gaze a direction.
A time of gazing depends on volume of sound and a kind of
sound. When a pan/tilt command received simply from
deliberative agents, then gaze that position.

For multi processor communication, we use a message
board based communication in real time operating system
and a socket based communication between real time
system and non real time system. Vision and auditory
systems are part of non real time system. A name server
mechanism is used to manage port numbers to establish
communication among agents automatically. Agents can
start or terminate a process any time.

6.External system

6.1 Database of individual information

To recognize known people, the face recognition algorithm
uses eigenvector algorithms on face and eye image data.
Known people’s face image database is kept on the ASIMO
server. When the robot system initializes, the algorithm
takes the stored ecigenvector data from server. Other
information like names, company names, address and
hobbies is also available.

Processes in vision and planning system can refer to the
external database via the network.

6.2 Reservation system

The example of task of ASIMO receptionist is to guide a
visitor to a meeting room or a waiting place and to call a
company representative to notify him about the visitor. The
reservation system allows company people expecting
visitors to choose meeting place and time and obtain visitor
details in a web GUI. When a visitor approaches ASIMO,
the moving human shape is extracted, and face is detected
and recognized. Then the interaction manager confirms the
schedule of meeting with the reservation system and sends a
notification command to client program on user PC. Once
the company user replies to the notification, ASIMO guides
the visitor to the meeting place specified in the web GUI.

Figure 12: A GUI of Global Map system

6.3 Global map system

The Global map system GUI is shown in figure 12. It
supports the following functions:

1) Loading, saving, updating and scaling a map data.

2) Playing an object at any position on map, changing its
characteristics and manipulating it.

3) Making a route and sub-goal.

4) Selecting a route with minimum cost.

5) Switching a route from planning agents.

6) Setting a task (e.g. talking, action, image processing) at
sub-goal.

7) Deciding a region for walking.

8) Sending a command (start, stop, home, pause) to
planning.

9) Monitoring robot behavior state.

7. Demonstrations

The intelligent ASIMO can perform reception work
autonomously in the following basic order (Video 1)

1) Detect an approaching visitor.

2) Find and track a visitor’s face.

3) Verbally greet the visitor with a gesture.

4) Recognize the individual and confirm.

5) Check appointment meeting time, place and people.

6) Notify the visitor’s arrival.

7) Guide visitor to meeting place.

The functions for navigation are as follows (Video 2):

1) Walking on a route specified in the GUI of Global

map system, and performing pre-specified tasks at sub-goal.
2) Detecting obstacles.

3) Stopping if an obstacle is encountered.

The other interaction functions are as follows:

1) It is possible to call the robot. This is useful when calling
person is far, and/or the voice command has too much noise.
The robot first finds the direction of calling person by
sound source detection and tries to find a call sign gesture.
If a call sign is identified, the robot approaches the calling
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person and follows him/her. The robot can also be stopped
by gesture. (Video 3)

2) The robot knows handshake gesture of people. This is a
good and basic action at first meeting.

3) Sometime, we want ASIMO to wait at the some location.
3D hand gesture can be used to point a location to the robot
where it should go and wait. (Video 4)

ASIMO can inform a latest news source from pre-loaded
file. It is also easy to retrieve from internet directory.
(Figure 13, Video 5)

8. Conclusion

We have integrated autonomous functions for navigation
and interaction in ASIMO. A stereo camera, frame grabber
and a computer image processing have been added to the
current rental model. Equipped with the vision system, the
robot can not only navigate in an ordinary environment, but
also understand human requirements. Our auditory system
is useful for interacting with people and understanding
commands from a distant location. The deliberative and
reactive architecture can perform high level planning and
rapid response. The vision, auditory, and planning systems
also use information from the external database system.

In the future we plan to develop a more robust sensory and
planning system to realize highly autonomous functions on
ASIMO. Our goal is to demonstrate a personal robot that
can perform helpful tasks to support human daily activities.
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Abstract

This paper presents active audition based real-
time robot audition for speech localization,
separation and recognition. The robot audi-
tion system consists of three sub-systems; real-
time multiple human tracking system, sound
source separation by active direction-pass filter
(ADPF) and speech recognition for separated
speech. The real-time multiple human track-
ing system localizes and tracks multiple people
by stream based integration of auditory and vi-
sual processing such as sound localization by a
pair of microphones, face recognition and local-
ization and object localization by stereo vision.
The ADPF separates sounds originating from
directions obtained from the real-time multi-
ple human tracking system by hypothetical rea-
soning on interaural phase difference and in-
teraural intensity difference for each sub-band.
The speech recognition uses multiple acoustic
models trained by speaker and direction and
integrates their results to recognize separated
speeches. The whole system is implemented
on a upper-torso humanoid and runs in real-
time with 5 PCs distributed processing. Our
experimental results show that the robot lo-
calizes, separates and recognizes simultaneous
three voices properly and the efficiency of ac-
tive audition such as turning to sound source
and the active control of the filter sensitivity.
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Abstract

This paper describes a speech recognition interface
for robots which uses notification of ill-suited con-
dition for speech recognition. Because our hope of
speech recognition interface for robot is hands-free
and flexible for distance, it is sensitive for the con-
dition such as noise and utterance power. To re-
duce the influence of ill-suited conditions for speech
recognition, we tried to detect these conditions and
made them notified by robot. There are two ways
of notification method from robot, one is active
method that the robot actively improve the condi-
tion, another is passive method that the robot asks
a person to improve. We implemented the passive
method on mobile robot PaPeRo, and evaluated the

effect.
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Abstract

A robot system which acquires sound source
localization ability in self-organization through
repetition of movement and perception was

built.

crophones (hearing : ear) and a video camera

A robot consists of one set of two mi-

(vision : only an eye and a right eye use) , and
head). More-

over, a learning model consists of two modules

a rotation stand (movement :

by neural network. One is a visual module and
another is a auditory module. The system can
be learned without the external explicit super-
vision. As a result, it becomes possible after
learning to catch a sound source in the center
of a view by rotating the head in the direction

of a sound source.
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Abstract

Auditory functions are closely related to head size and head
movement. To seek a comprehensive understanding of the
nature of the auditory information processing mechanisms
including head size and head movement, we are developing a
remote dummy head which tracks 3- dimensional human head
movement in real-time, named "TeleHead". This paper
describes design concept and architecture of the TeleHead.
The tracking and acoustic characteristics of the TeleHead-1

are also described.

1. 1ZC®IC

R RDOKENL, Wb b e —%@ L
THRPSE IANTEZFOR G, B O
DORVEFRELEZVMHE™MEZ L) ELTWVD
Ao —VERMRETHTEOOMANERE ., F D%
DARPLE DT DENE D K 9 1T EH A
DEEL, BOBPKRICRD R {TE#Z kDD B &
THZLWCHDH, T LT, ZOMNEFERIZ. AD
DAEET RO RERBE LB L OH K E N
D BRI 7R FEIR & = DIEE) & BT BIfR & RO,
FERRIX, BE2B L THITEDfEREEML T
B TENZ A Z L7z, 2 o070, Btz
BE LTI -0 T ha /L EBERLIZY T
HIOICHREL CERETEERTH D, BRR
DEFELTEILHMLENTWVDIDE, EREDK
M7 5RO T 5 5 IREMEIE L . T
DA DFTH B B3 5 F R BIERED — >
Thbd, LML, ERERRITZOMIZE, aI=2=
= a UERAE - T SRR, BT e
WXL CHBIMICEER 2 BT 5 B REE, <
L CIEEN R OMRIEKEEZ o [1][2], Zh B
FROFEMEED . HEE & WO FIRTRIR & 2 0iEdE) &
HEAZ TILAR 0,

FERRIL, HEORMEL FIEAE L AT MLk

ZIICLTC, HBOEKRAFMEGFELTCND[3], &£
FHOENZIT 5 EEFTOEIITE ORI H 5 IHE
EENOBRIZE > TR END 2D, HIEN
DOMBLRIX, BOOEEEHE BN ORRICT =2 —
ENTWD, FEROARITEE D & 2bic B
LI, MADEERE BN 25 Z & 20 s
nsé., LESGLSOMITRELZE =T THA D,
T2, BETO LD L &L Ep BIROEE & B,
B ZIED L 5 I K& REEER E B 5 WD Id % X
ROXY /NSRBI EENEE D Z L ERND
noé, BREMIITERIRDLZTHAH, 2D
o1, BERIZHEIKRDOIIR & Bz 72 R % FFo,

Fizbld, EREOFTHEORR SR ZHED S
AICHEI AR 2B 9 L, NI O % < 138E
P TR BN 28 L TSN H TS
DEBRF M ERD, DML OL < Tk, R
FDO2W=2—1u T DR K
(DCN: Dosal Cochlear Nucleus) 1ZFEAT DR
Hoa—nURNEF SN THT, @iRcH 5 A
7 MORERHLTHEMOMEXZMEL TWD
[4]1[5], B ZREEICEIE/20 e hTlXZ ODON
ORI ITRAE LT 5 (6],

SH R E B & 5 PR E AR RE O BIFRIZ D TIH.
Wallach (1939) [7T]LLRW O DHENRH Y | TH
EEHA I ACERN O BB EMEE LY BT 5 2 &0
HHILTWD[8]-[14], Fkx b, IRAEEFRERY
AT b E T E g EA ER 24TV [15][16], H
T 7 B E RN S B EN R E O EICET 5
L BRI D L BT, BRI IEEES) & FF
FLHRTFD A7 b L Z8 58T H 54 e
VAR L2228, Bl A 7 SR SE B 1 335 18 ALK
BERRTIEDZ LALLM L, SBIT, Fx
I, BERRIITEBROME T TR BB OBE
HWEDOMENEGEOFEEZZITHZ L, Thbb
WERNNGFET D EE2RRA L, FTHROBHH
AR A Y 2 — LM RICHEETH &
B LM L[17], 2o Xk oz, BERITFED
EE) & L EE R BRE RO,
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NEHEZ 725, ZoMBEIX, AT EREL A

S TA
WCATRD L WO RRDBH DD,

KT DHEAITE b & LT, ERELZHIT D
SIS E RIS

HIROB) SHER OB &

K1 Yr—FxnrIT7VT 40 50—HF)

AEAx LRV ETHFATH D,

46

/r/eg

ZIXBEMTH D, ZREE D4 71
@mw%%%ﬂbwﬁﬂbfﬁﬁﬁﬁmﬁﬁ%ﬁ
o B, HOL » & S H a3 E G CHE R R
u% TOHRTFZHEL LS &35 &, 194581
DOHRTF LB L 70 5, %* I, ZWEE T LR
EHNOFRIT R D012, F ANOHRTF & &
LT%#&?%iﬁ%&MO%A®WW%%m
L BBOMENTNT, EMEENREDL D, &
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ARFETIE, ANE OB EBEE Z T 5 & &
BT, FEE O TEhEE & BEE O EB)HE EE A EE L
FRERIC DN TR A,

3.1 FEESOEIEESEE

AN OE X EALFAME S TALEEHED 2 DBkl >
TW5, EArFEMEN 3 il 3 B AT FALZEHREDE)
SEMEL, BELREIEAERT D200
a7 D, FACFEHMEXE AR - (fhRES) LY, [ElhE
EEI AT O 0, BRI X > TRIE I — B ISR E &
nNar-wlgh - R bbb T2 HHEL LD,
ZTNENOHFEMEITIEB OB B ST
%o MEMEDORTEIZ® 2 HEtiE, Kkx 2 AE TR
WCHMEO B E 25~ 1X5 KO ICHNEE ST
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FAZZTINHET 2 EFH 60 FRICAENE Z 5,
— . HHEOBIIZH D pEEIL TN 5~ O
TkEO, HE - MR - FiEoEEE R EITY, —
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Ko ClREEE A = 5, [28]
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6. 7L~y N1 SHORERERE & Rk
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OEMERR T R IOV TR % [32]

 Amplifier =—

v
Fastrak
T\
)
—

PC

A 4

‘ Motor
Controller

Yaw

Motor +

L 1
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7 JEPEE 1200z TR 5, £ LT, ZOHHED
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Abstract

This paper reports current status of the IPSJ-SLP working group (IPSJ: Information Processing Society of

Japan, SLP: Spoken Language Processing) establised in October 2001 on the noisy speech recognition and

current Europian ETST AURORA evaluation projects. This working group aims to develop standards, com-

mon corpus, and noisy speech recognition system in conjunction with Europian ETST AURORA evaluation

projects.
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Figure 1: Baseline results for clean- and multi-condition training.
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