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Abstract. The necessity for the individual and the individual's tying in real
space increases while the age of piece progresses. The robot is requested in that
and it is requested what role be able to be played. Here, we pursue the research
on the robot design to expand and to promote the group conversation. It pro-
poses the technique to advance the conversation of couple 1 of the first meeting
smoothly as the first stage. Especially, it is confirmed that nonverbal interac-
tions are more important than language interactions by a lot of researches so
that the individual and the individual may tie. We newly define the communica-
tions activity based on embodied entrainment, and propose the method to
control the behavior of the robot dynamically according to the state of commu-
nications. The active control method uses interaction timing learning which
depends on nonverbal communication channels. Our mechanism selects an ap-
propriate embodied robotic behavior by changing the communication strategy
based on the state transition of an introduction scene, and increases the commu-
nication activity measured by sensing data. The action timing is learned and
controlled by a decision-tree. As the result, the real agent robot could control
communication situations similarly to a human. We became “Yes” by the
evaluation value of 82% for the question that communications had risen as a re-
sult of doing the questionnaire survey to 20 university students. Moreover, fa-
miliarity became a first meeting introduction robot with “Yes” for the question
about whether being possible to have it by the evaluation value of 85%. There-
fore, the effectiveness of this proposal technique was verified. Finally, the pos-
sibility that the circle of communications can be expanded to N person's group
is discussed based on this result.

Keywords: Embodied Entrainment Nonverbal Communication Robotic Intro-
ducer Agent, Group communication, Human’s Action Learning.

1 Introduction

Recently, the necessity for an individual mind and the mind's tying in real space
increase in the human society while the age of piece progresses. What is the role
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that the robot that has the sociality can be accomplished in that? We pursue the
robot design to expand the circle of communications at the same time as smoothly
doing the group conversation by a home space and a public space, etc. Humans
communicate with each other via many channels, which can be categorized into
verbal and nonverbal. It has been confirmed that the nonverbal communication
channels, such as an intonation, an accent, a gaze, a gesture, nodding or an emo-
tional expression, encourage synchronization, embodied entrainment and a friend-
ship [1]-[7]. Watanabe et al. [8] has investigated such a robotic agent, which
includes embodied entrainment. The research has developed the speech-driven
interactive actor, the Inter Actor, which could predict an appropriate timing of a
nod and a gesture with voice information of a communication partner. Kanda et
al. [9] [10] adopts a joint gaze function to a robot and has investigated more adap-
tive robot through design-based approach. However, we cannot find so many
researches about an adaptive embodied entrainment, which aims to increase group
communication activity by real time feedback on a situation of the group commu-
nication. This paper presents adaptive control of the embodied entrainment using
learning of interaction timing in group communication. The control mechanism is
based on communication activity measurement and uses nonverbal communica-
tion channels effectively. First of all, we start from the research that the robot
supports the case with a first meeting couple 1 mutually shown in Fig.1, and in-
stall the system into a robotic introducer agent and confirm its effectiveness. In
this paper, we show our robotic agent design. Next, we explain our method for
adaptive control of embodied entrainment and show an experimental result of our
method. Finally, the effectiveness is verified according to result of the question-
naire, and the N person's development with the group communications is
discussed.

Communication Space
Person N Person
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T
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Fig. 1. Introducer robot of a first meeting couple

2 Basic Strategy to Promote Group Conversation

Fig. 2 shows our robot agent. The purpose of this introducer agent is support of con-
versations of 2 participants who have not known each other. For the purpose, we
designed various basic strategies of agent behaviors. The details of the behaviors are
as follows. (Fig.3)
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1. Leading utterances
The agent asks a question to participants for establishment of a binary reliable rela-
tion between herself and each participant.

2. Gaze lead

For transmission of information of a participant A to the other participant B, the

agent moves her gaze to A and asks him/her about the information. After that, the

agent leads A’s gaze to B to accord A’s gaze and B’s gaze.
3. Gaze distribution

When all participants talk each other, the agent moves her gaze to them equally.
4. Synchronizing nod

The agent adjusts her nod timing to participants’ nod.
5. Dynamically Synchronizing

Synchronizing method is dynamically changed according to the state of two per-

sons as follows.

a) Natural synchronizing to a listener
When the listener listens and tunes to the talker by the nod and the back-channel
feedback operation, the robot tunes it according to listener's timing to pile up the
communication space further.

b) Synchronizing to a speaker to invite the other participant to the conversation
When the listener is not tuning it to talker's timing, the robot tunes to talker's
rhythm while turning one's gaze to the listener, invites the listener's tune, and
creates the rhythm of the communications space.

Fig. 2. Robotic Introducer Agent

P e i 1 o T o e T
@ @ 0@ @@ &
x K \} {}_. \‘_;.T:- T bl
") ® ® =
i
Uterance inducament Gaze leading Gaze distribution
Synchronizing nodding
talker __ Syne, .- listener talker —>.7 xwi_\hﬂener
(Hl - "2',' ) "-'—EHH
{ et Syme: Sme4_
S AT \,'k A
Natural tune -27351'1-:. to @ Fstener) Tune inducement [Sync. to a talker)

Fig. 3. Basic strategies to promote group conversation
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3 Adaptive Control of Embodied Entrainment

3.1 Macro Strategy to Promote Group Conversation

We think about the state transition model to promote the group conversation by using
the basic strategies. It establishes a rapport by grounding process, and communica-
tions of the group are activated by enhancement process in Fig.4. We segmented an
introduction scene into 5 states based on preliminary observations. The agent moves
among these states according to the situation of the participants’ communication.
Fig.4 shows the 5 state transitions. The details of the states and the agent behaviors
are as follows.

Grounding Process Enhancement Process

®)
,/
/
Topic Hearing the
Offermg Conversation

Fig. 4. Macro strategy and state transition of an introduction scene

Focusing
the Topic

3.2 Communication Activity Measurement and the State Transition Condition

The robot agent monitors the situation of participants’ communication, and estimates
the current state on Fig.4. For the estimation, we define the communication activity
measurement. The agent calculates the activity in every time slice. It is defined by the
average of speech power, gaze direction, and gaze corresponding degree of both.
When it satisfies a condition of a state transition, the agent moves to the next different
state, which is directed by the transition.
Next we show the behaviors at each state.
1. Greeting
The agent introduces himself and offers a brief explanation of the situation. Then,
she simply introduces the participants’ name.
2. Grounding
In this state, the agent tries to make a reliable relationship between the robot and
each participant. For this, the agent cites the participants’ profile and asks simple
questions to them. It aims to entrain them in to the rhythm of the robot by using the
strategy of utterance leading. Here, the robot assumes that it knows the data of the
hobby etc. of the person who is introduced.
3. Topic Offering
This state encourages conversations between the participants. The agent offers the
information and profiles about a participant to the other participant, or asks a
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simple question to the participants in order to make a favorable situation for con-
versations of the participants. By such behaviors, the agent controls the partici-
pants’ gaze to make them communicate face to face each other.

4. Focusing on a Specified Topic
In this state, the agent tries to join in a conversation of the participants. The agent
focuses on a topic, which was offered at the previous state, Topic Offering.

5. Hearing Conversations
After a success in making a close and friendly relationship between the partici-
pants, the agent keeps hearing their conversations quietly. In this state, the agent
nods and looks at a speaker using basic embodied entrainment strategies, with a
proper timing.

3.3 Learning for Adaptive Control of Embodied Entrainment

Our agent performs some actions to encourage embodied entrainment. The agent
retrieves the information of the participants by sensors, and determines its action. We
built a decision-tree, which is shown in Fig.5, by inductive learning for this interac-
tion. The following 3 rules are extracted from the tree.
1. Rule #1 Reactive nodding
This rule represents the reactive nodding to a participant’s nod. The agent nods
when someone of the participants nods.
2. Rule #2 An utterance
This rule explains the following situation. When a participant keeps quiet and the
other participant terminates his/her speaking, it can be supposed that the conversa-
tion got into a break. Therefore, the agent recognizes this situation and she offers a
topic to avoid silence.
3. Rule #3 An utterance and a nod to a participant’s speech
This rule is very similar to the Rule #2 but represents the situation that a participant
stopped his/her utterance without terminating his/her speech. In this situation, the
agent speaks in 70% probability and nods in 30%. The criterion to determine

[ Nod(H,, 1)V Nod(H, 1) |

true false

[Rule #1 Nod(R, 1) ] SilentTime(H,, t) > 0.7 sec /\ SilentTime(H,, t) > 0.7sec

true false
=
TerminateUtterance(H,, t) NV TerminateUtterance(H,, t) 0 reaction
true: “false
/ \

Rule #2 Utterance(R, 1) ]

Rule #3 70%: Utterance(R, t)
30%: Nod(R, 1)

Fig. 5. Decision tree for embodied entrainment
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whether a participant terminated his/her utterance or not, depends on the final part
of the utterance. We extract the final part by Japanese morphological analysis.

4 Experiments

4.1 Experimental System

Information of current situation is recognized by the situation cognitive system which
is composed of voice recognition, voice power detection, gaze detection and nodding
detection. After that the interaction generator retrieves the information, and deter-
mines the agent behavior with the participants’ profiles.

4.2 Sensing Environment

Detection modules in the cognitive system retrieve raw sensor data and extract the
participants’ state and action. The details of each module and sensors are listed below.
1. Gaze Detection
Multiple cameras are used for this module. We set 2 cameras for each participant.
Each camera detects the participant’s face, and the gaze detector estimates that the
participant is turning his/her gaze to the camera, which can detect the participant’s
face.
2. Nodding Detection
We set acceleration sensors to the participants’ head, and measure the movement of
heads. Based on the movement, this module detects his/her nodding.
3. Voice Recognition, Voice Power Detection
A pin microphone is set on each participant.

4.3 Experimental Result

Fig.6 shows an experiment with our introducer agent. We asked 2 participants to talk
each other during 6 minutes. The participants had never known each other. In this
situation, we checked whether our method could control the agent behavior appropri-
ately.

Fig.7 plots the Eval(t) and the state transition of a communication situation. Eval(t)
is the communication activity degree at time slice, and is defined as follows.

B = | ar PAO ) [ e PBO Y (1Y
PA(ave) PB(ave) B

)
E(t)+ Eval(t-1)

Eval(t) = 5

PA(t) or PB(t) denotes the speech power of person A or B at time t, and PA(ave) or
PB(ave) is the average of PA(f) or PB(f). Gw shows the probability (%) of gaze
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Fig. 7. Eval(t) and state transition
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Fig. 8. Participants’ eye contact

corresponding. o and P are a weighting factors. Then we define Eval(f) as the average
of E(t) on the time axis.

We can see an appropriate movement of the state and the Eval(f) on the graph.
Fig.8 shows a frequency of participants’ eye contact. We could also observe the situa-
tion that the participants had intensified friendship through many natural conversa-
tions, which had been led by our agent.

We did the questionnaire survey to 10:20 university students. As a result, a nega-
tive evaluation was not at all, and became 82% for the question that communications
had risen by the evaluation value in which four or more was converted by 100% by
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the evaluation value of five stage average. Against the first meeting introduction robot
and familiarity was confronted to the question about whether being possible to have
it, and moreover, a negative evaluation was not at all, and became 85% by the evalua-
tion value in which four or more was converted by 100% by the evaluation value of
the stage average. Thus, the effectiveness of this proposal technique was verified by
the questionnaire survey.

5 Future Works

The mechanism of the group communications activation of couple 1 proposes with
this paper can be enhanced also to N person's group communications basically. How-
ever, an important point is to have to select the strategy for activation appropriately in
enhancing responding to group member's personality. It doesn't mediate in considera-
tion of the character though a hobby each other and the concern, etc. are understood
beforehand and communications were supported in the actual experiment. For in-
stance, it might be effective to have the person with a high communications skill to
the group of the facile personality the coupling. Moreover, the scene that mediates
communications is not only a first meeting. We assume application to the home for
the aged and the waiting room, etc. shown in Figure 9, and are researching the
framework to activate the group communications. The number also of cases to shut
one's mind voluntarily increases for the elderly person, and the achievement of the
heart proxy that the robot ties to the mind the mind in real space is requested.

Ul
,

/, '

/ i -

/

I I'C

’
1 L

W Ty

:V'&%“/Mind::oxy" Robot
/,"? in Real Space

Fig. 9. Enhancing of activation of N person's group communications to research

6 Conclusion

We proposed the mechanism of the group communications activation of couple 1. We
showed the control mechanism of adaptive embodied entrainment and implemented
the mechanism and installed it into the real robotic introducer. The effectiveness of
our proposal was confirmed by the communication experiments and the questionnaire
survey. This mechanism was based on the communication activity measurement, and
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the learning of timing for the nonverbal actions such as gaze, nodding or back-
channeling. In the aspect of embodied action control, the system selects the most
appropriate action, which is suitable to each communication state, such as greeting,
grounding, offering topics, focusing the topic and hearing a conversation. Add to the
action control, the proper changes of a speaker and a listener increased the communi-
cation activity degree. We focused on the gaze lead, gaze distribution and synchroniz-
ing nod for the embodied action. The timing of robotic actions and utterances was
based on the rules, which was extracted from a decision-tree built through induction
learning of human behaviors. We installed our control system into the introducer
robot and tested it on the communication experiments. As the result, the agent could
control the communication situation similarly to the human.

We start to enhance this method to N person's group communications schema. And
we will apply it to the application of the home for the aged and the waiting room.
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