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Abstract: A speech-driven embodied interactive actor called InterActor with both functions of speaker and
listener is developed for activating human interaction and communication by generating expressive actions
and motions coherently related to speech input. InterActor is the electronic media version of physical inter-
action robot called InterRobot for robot-mediated communication support, which sets free from the hard-
ware restriction. By using InterActor, the concept of speech-driven embodied interaction system is pro-
posed for human interaction sharing by the entrainment between human speech and InterActor’s motions in
remote communication. The prototype of the system is developed, and the sensory evaluation and behav-
ioral analysis in human communication through InterActor demonstrates the effectiveness of the system.
Actual applications of InterActor to human interface are also demonstrated.
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1 Introduction

In human face-to-face communication, not only
verbal message but also nonverbal behavior such
as nodding and body motions are rhythmically re-
lated and mutually synchronized between talkers
(Condon & Sander, 1974; Kobayashi, Ishii, &
Watanabe, 1992). This synchrony of embodied
rhythms called entrainment in communication gen-
erates the sharing of embodiment in human inter-
action, which plays an important role in essential
human interaction and communication. Hence, in
remote non-face-to-face communication, the intro-
duction of the entrainment mechanism to human
interface is indispensable to the realization of es-
sential human interaction and communication sys-
tems.

In conventional telecommunication systems
such as TV conference system, however, because

the spatial relationships between talkers are cut off,
it is difficult to share their embodiment in human
interaction. By the immerse projection display
technology, therefore, sharing the embodiment in
interaction with a high quality of presence in vir-
tual image space is examined (Cruz-Neira, Sandin,
& DeFanti, 1993; Hirose, Ogi, Ishiwata, &
Yamada, 1998). On the other hand, without set-
ting this kind of spacious system, the sharing of
embodiment by the entrainment would be realized
by presenting communication environment where
the interaction between talkers is perceived, which
would be expected to support human interaction
and communication (Kishino, Miyasato, &
Terashima, 1995; Morishima, 1999; Watanabe,
2001).

We already analyzed the entrainment between
a speaker’s speech and a listener’s nodding and
blinking in face-to-face communication, made an
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interaction model and developed a speech-reac-
tive system in which computer graphics represent-
ing human facial expressions simulated nodding
and blinking in response to speech input. We dem-
onstrated that the system can be effective for
smooth speech input (Watanabe, & Higuchi, 1991).
The nodding reaction model was also applied to
not only the electronic media of computer graph-
ics but also the physical media of robot, and the
effectiveness of the model was confirmed by the
other researchers (Yatsuka, Kawabata, &
Kobayashi, 1998). We also proposed an embod-
ied virtual communication system where the
talker’s interactive behavior such as nodding,
blinking, head and body motions, paralanguage,
respiration and so forth on the basis of his/her non-
verbal and physiological information is freely con-
trolled to clarify human interaction systematically
in a virtual face-to-face communication environ-
ment. The importance of sharing mutual embodi-
ment in communication was pointed out
(Watanabe, & Okubo, 1999). Moreover, the
speech-driven embodied interaction robot called
InterRobot as shown in Figure 1 was developed,
and the effectiveness was demonstrated in support-
ing human interaction and communication
(Watanabe, Okubo, & Ogawa, 2000; Ogawa, &
Watanabe, 2001).

In this present paper, focusing on the human
interface of advanced GUI based communication,
a speech-driven embodied interactive actor called
InterActor with both functions of speaker and lis-
tener is developed for expanding the field of its

application. InterActor is the electronic media ver-
sion of InterRobot, which sets free from the hard-
ware restriction. By using InterActor, the concept
of speech-driven embodied interaction system is
proposed for supporting human interaction and
communication with the sharing of embodiment
by the entrainment. The prototype of the system is
developed, and the sensory evaluation and behav-
ioral analysis in human communication through
InterActor demonstrates the effectiveness of the
system. Finally, actual applications of InterActor
to human interface are demonstrated.

2 Embodied Interaction System

2.1 Concept
The concept of embodied interaction system

for supporting human interaction and communi-
cation is shown in Figure 2. The system consists
of two InterActors that have both functions of
speaker and listener on the basis of speech input.
When talker 1 speaks to InterActor 2, InterActor
2 responds to the utterance in an appropriate tim-
ing by means of its entire body motions by nod-
ding, blinking and actions in the manner of a lis-
tener for talker 1. Thus, the talker can talk smoothly
and naturally. Then, the speech is transmitted via
a network to the remote InterActor 1. InterActor 1
can effectively transmit the talker 1’s message to
talker 2 by generating body motions in the manner
of a speaker on the basis of a time series of the
speech, and presenting both the speech and the en-
trained body motions simultaneously. Talker 2 in
the role of a speaker this time achieves communi-

Figure 1:  Remote communication using
InterRobots. Figure 2: Concept of embodied interaction system.

InterActor2

Talker1 Speech

Speech
Nodding
Blinking

Body Motion

InterActor1

Speech

Speech
Nodding
Blinking

Body Motion

Talker2

Speech



cation by transmitting his/her speech via InterActor
1 as listener and InterActor 2 as speaker to the
talker 1 in the same way.  In this way, two remote
talkers enjoy conversation via InterActors. The
only information transmitted or received by this
system is speech. It counts that it is human that
transmits and receives the information. InterActor
just generates the entrained communicative mo-
tions and actions on the basis of human speech,
and supports the sharing of mutual embodiment in
communication.

2.2 System Configuration
The outline of the system is shown in Figure 3.

The system consists of a PC with 128 MB memory
and a sound card, a microphone and a loudspeaker
as input and output devices. Microsoft DirectX 6.0
SDK is used for drawing InterActor with Microsoft
Visual C++. The excursion file size is 300 KB.
The system can be used on a general PC (CPU of
the system is Pentium III-500MHz.). The degree
of freedom of InterActor is 20, which is almost
the same as InterRobot. InterActor’s expressive
actions and motions are generated by binary con-
trol of each action, i.e., nodding, blinking, mouth
movement, the rotation of neck, shoulder, elbow
and waist, and the bending of wrist, elbow, arm,
neck and waist. Human speech and binary control
signals are recorded in HDD for representation of
InterActor and interaction analysis.

3 Evaluation of the System

3.1 InterActor as Listener
An expressive action of InterActor is shown in

Figure 4(a). The body motions were related to the
speech input by operating both the neck and one
of the wrist, elbow, arm and waist at the timing
over the body threshold. The threshold was set
lower than that of the nodding prediction of MA
(Moving-Average) model, expressed as the
weighted sum of the binary speech signal to nod-
ding as shown in Figure 5 (Watanabe, Danbara, &
Okubo, 2002).  In other words, for the generation
of body motions of InterActor as listener, the time
relations between nodding and the other motions
were realized by varying the threshold values of
nodding estimation.

Figure 6 shows an example of the analysis of
the body motions of InterActor as listener and hu-
man speech, and cross-correlations between them.

Action
Head:Nodding, Blinking, Mouth movement
Body:Wrist(Bend)
          Elbow(Rotate, Bend)
          Arm(Bend)
          Shoulder(Rotate)
          Waist(Rotate, Bend-Forward,Back,Right,Left)
          Neck(Rotate, Bend-Forward,Back,Right,Left)
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Figure 3: Outline of the system.

Figure 4: Expressive actions of InterActor.

 (a) Listener’s action.

 (b) Speaker’s action.
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There is a significant negative relation without time
lag between human speech and InterActor’s nod-
ding, which denotes that InterActor responds at
the timing equivalent to human nodding. The cross-
correlations with the other body motions are also
very similar to those in human face-to-face com-
munication. It is clear that InterActor creates re-
actions by means of its entire body in close asso-
ciation between speech and body motions, includ-
ing nodding. This demonstrates the effectiveness
of InterActor as listener. Similar trends were also
found for the other subjects.

3.2 InterActor as Speaker
An example of the body motion of InterActor as
speaker is shown in Figure 4(b). Speech input was
in real time through a microphone or the audio data
of WAVE format, and the output was from a loud-
speaker. The mouth operation of InterActor was
realized by the switching operation synchronized
with the burst-pause of speech. The body actions
of InterActor as speaker were also related to the
speech input by operating both the neck and one
of the other body actions as mentioned in the pre-
vious section at a timing over the threshold which
was estimated by the speaker’s action model as its

Figure 7: Time series of a speaker’s speech and
the motions of InterActor as speaker,
and C(τ) between them.
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Figure 6: Time series of a speaker’s speech and
the motions of InterActor as listerner,
and cross-correlation C(τ) between them.



own MA model of the burst-pause of speech to the
whole body motion. Because speech and the mo-
tions of the arms were related at a relatively high
threshold value, in case that threshold value, one
of the arm actions in preset multiple patterns was
selected for the operation of InterActor.

The results of evaluating the cross-correlations
between the speech of human speaker and the
body motions of InterActor are shown in Figure 7.
There are significant positive relations between
human speech and InterActor’s head and body mo-
tions, which are very similar to those in human
speaker. It is clear that the relations between the
speech and the motions, centering on the motions
of the head, are well expressed. This demonstrates
the effectiveness of InterActor as speaker. These
trends were found to be similar for the other sub-
jects.

3.3 Interaction System
By introducing both listener and speaker interac-
tion models into InterActor, InterActor with both
functions of listener and speaker was realized. By
using InterActor, a speech-driven embodied inter-
action system was developed. Sensory evaluation
was examined for the system under two conditions
of speaking to InterActor by 1 user himself and
remote communication by 2 users. A microphone
was used for speech input.

3.3.1 One User’s Interaction
A subject spoke to InterActor as listener on dis-
play by himself as shown in Figure 8. InterActor

behaved as listener on the basis of the speech. The
experiment was examined under the following 3
different modes in the order,
Mode (I): only 1 InterActor as listener (Figure

9(a)).
Mode (II): 2 InterActors including the subject’s

own InterActor as speaker in virtual face-to-
face scene from the diagonal backward view-
point of his own InterActor (Figure 9(b)).

Mode (Ir): 1 InterActor as listener that generates
communicative motions randomly in corre-
spondence to the burst-pause of speech.

The experiment time was 150 seconds in each
mode and then 120 seconds over switching modes
freely.

The result of paired comparison is shown in
Table 1, and the sensory evaluation based on only
speech communication is in Figure 10. Even mode
(Ir) with communicative motions corresponding to
the burst-pause of speech was evaluated nearly
“good” because human characteristics of nodding
and blinking were introduced to InterActor in the
same way.  In comparison with the mode (Ir), mode
(I) was highly evaluated in any item of preference,

Figure  8:  Example of the 1 user’s interaction scene.

Figure  9:  Example of interaction mode (I) and (II).
 (a) mode (I) (b) mode (II)

Table  1 :  Result of questionnaire by paired comparison.

mode (I)  : 1 InterActor
mode (II) : 2 InterActors
mode (Ir) : 1 InterActor (on-off sync.)

(I) (II) (Ir)  Total     π

(I)   -   6   9    15  17.75

(II)   4   -   6    10   8.34

(Ir)   1  4   -     5   3.91



interaction and enjoyment at the significant level
of 1 %.

The Bradley-Terry model was assumed to
evaluate the preference of modes in Table 1 quan-
titatively, defined as follows;

where πi is the intensity of preference for
mode i, and Pij is the probability of judgment
that i is better than j.

Table 1 shows πi solved by the maximum like-
lihood method. The matching of the model was
examined by the goodness-of-fit test;

and the likelihood ratio test;

where Xij is the number of judgment that i is
better than j, and X1ij is the expected value of Xij.

These results indicate the validity of πi and the
matching of the model because the model was not
rejected. These demonstrate the effectiveness of
InterActor as listener.

3.3.2 Two Users’ Interaction
The experimental setup of remote communication
using InterActors is shown in Figure 11. The situ-
ation of the communication experiment such as the
correspondence of motions between talkers and
InterActors was recorded through a video editor
(SONY FXE-100) by two video cameras (SONY
DV-CAM) as shown in Figure 12.  Subjects were
10 male students. Each subject talked in a sepa-
rate room and his speech was transmitted or re-
ceived via 100 Mbps Ethernet. The experiment was
examined with 5 pairs of 10 talkers on two differ-
ent communication modes of only 1 InterActor in
mode (I) and two InterActors including the talker’s
own InterActor in mode (II). The experiment time
was 150 seconds in each mode and then 120 sec-
onds over switching modes freely. The result of

Figure 11: Experimental setup.
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sensory evaluation based on only speech commu-
nication is shown in Figure 13. It is found that both
modes of (I) and (II) are preferred in any item of
preference, interaction and enjoyment, which dem-
onstrates the effectiveness of the system. As for
enjoyment, mode (II) including the talker’s own
InterActor was more highly evaluated than mode
(I) at the significant level of 5%.  Mode (II) was
also selected by 8 out of 10 talkers by paired com-
parison of preference between (I) and (II).

4 Applications

Some actual applications of InterActor to human
interface are introduced. InterActor as shown in
Figure 14 is commercialized under the name of
InterCaster by which news and media contents are
effectively and friendly transmitted in a visual way
of broadcasting with FTTH (Fiber To The Home)
or in a commercial program. Figure 15 shows the
speech-driven embodied group-entrained commu-
nication system called SAKURA. SAKURA acti-
vates group communication in which InterActors
are entrained one another as a teacher and some
students in the same virtual classroom. By using
SAKURA, talkers can communicate with the sense
of unity through the entrained InterActors by only
speech input via network. Figure 16 shows a physi-
cal version of SAKURA with InterRobots and
InterActor, which is exhibited in National Museum
of Emerging Science and Innovation where visi-
tors come across with dynamic experience of em-
bodied communication. They perceive the effects

Figure  13: Result of sensory evaluation based on
speech communication.
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Figure  14: InterCaster.

Figure  15: SAKURA:speech-driven embodied
group-entrained communication system.
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Figure  16: Physical version of SAKURA with
InterRobots and InterActor in National
Museum of Emerging Science and
Innovation.

of group-entrained communication environment
intuitively, and recognize the importance of em-
bodied communication.



5 Conclusion

In this paper, a speech-driven embodied interac-
tive actor called InterActor with both functions of
speaker and listener was developed on the basis of
nonverbal entrainment such as nodding and body
actions and motions coherently related to speech
in face-to-face communication. By using
InterActor, the concept of speech-driven embod-
ied interaction system was proposed for support-
ing human interaction and communication with the
sharing of embodiment. The prototype of the sys-
tem was developed, and the effectiveness of the
system was demonstrated.  Some actual applica-
tions of InterActor to human interface were also
demonstrated.

The system is a robust and practical communi-
cation support system, which activates human in-
teraction and communication on the basis of speech
input. InterActor and InterRobot technology called
iRT would be expected to form the foundation of
embodied communication technology as well as
the methodology for the analysis and understand-
ing of human interaction and communication, and
to develop a new embodied communication indus-
try for supporting essential human communication.
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