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Multi-modal Interaction System

for Humanoid Robots *

Junichi Ido

Abstract

In recent years, many researches have focused on various technologies which make
robots actually useful in our daily life. These technologies bring us one step closer to
the development of a humanoid robot that can be put to practical use in a real world
environment requiring coexistence with people. While research about physical ability
of humanoid robot such as biped walking and dexterous manipulation have been
actively conducted, research on communication with human has not attracted much
attention. Goal of this research is to develop and evaluate a humanoid robot system
which has more flexible communication ability. The realized system is characterized
by a multi-modal interaction ability, which consists mainly of “eye-contact” using
a facial information measurement system and “speech recognition” using a large
vocabulary continuous speech recognition engine.

The information utilized for face-to-face communication is classified in two ma-
jor categories, verbal and non-verbal information. Although primary information in
communication is the former, the latter information such as facial direction, gaze and
gesture is recently emphasized as means of natural human-robot interaction. We first
developed a robotic receptionist ASKA as a research platform and observed facial
information of users communicating with the humanoid robot. Interaction ability
for realizing eye-contact was implemented based on the analysis of human robot
communication. In addition to this, integration of gesture recognition and speech
recognition enabled the robot to recognize natural utterance containing demonstra-

tive pronouns.

*Doctoral Dissertation, Department of Information Systems, Graduate School of Information
Science, Nara Institute of Science and Technology, NAIST-IS-DD0261005, August 14, 2008.
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A humanoid robot can be used as a remote controlled system besides an au-
tonomous system such as the robotic receptionist. We proposed a robotic telecom-
munication system in which a face robot is used in place of conventional media such
as a phone and a video chat. The remote communication system was implemented
on a robotic head of ASKA, and the effectiveness was confirmed by evaluation ex-
periment. Unlike other robotic systems which express facial expressions, in proposed
system, measured facial information is directly projected to the robot without any
subjective interpretation.

Based on the interaction system of ASKA, interaction system was implemented
on a humanoid robot HRP-2. The fact that most recognition modules are developed
directly based on the one of described receptionist robot indicates their portability.
HRP-2 sitting opposite to a user across a table can detect gaze direction, head pose
and gestures using a stereo camera system attached to the head. In addition, our
system can recognize the user’s question utterance and non-stationary noise such as
coughing and sneezing using microphones. Using efficiently such information, HRP-2
can answer the question by its synthesized voice with gestures and do tasks such as
passing objects on the table. We verified the usefulness of our system in the real
environment through a demonstration in the Prototype Robot Exhibition at Aichi
World EXPO 2005.

The usefulness of multi-modal interaction system for humanoid robot utilizing
verbal and non-verbal information was verified through development and operation

of these three robot systems.

Keywords:

humanoid robot, multi-modal interaction, gaze, speech recognition
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