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Abstract

This paper presents a method for generating
the gaze pattern of a robot while it is talk-
ing. The goal is to prevent the robot’s con-
versational partner from interrupting the robot
at inappropriate moments. The proposed ap-
proach has two steps: First, the robot’s ut-
terance are split into meaningful parts. Then,
for each of these parts, the robot performs or
avoids eyes contact with the partner. The gen-
erated gaze pattern indicates the conversational
partner that the robot has finished talking or
not. To measure the efficiency of the approach,
we propose to use speech overlap during conver-
sations and average response time. Preliminary
results showed that setting a gaze pattern for
a robot with a very human-like appearance is
not straight forward as we did not find satisfy-
ing parameters.

1 INTRODUCTION

During social interaction, the gaze has important regu-
latory functions [1, 2]. Early work [1, 3] tried to search a
systematic relation between gaze and turn-taking. More
recent work [4] underlines the collaborative nature of the
gaze in turn-taking. The authors in [4] show that ”the
timing of the listener response is collaborative process,
accomplished by joint action”. Consequently, a robot
holding a conversation with a human should participate
in this ”collaborative process” in order to have a smooth
interaction.
This paper presents an approach to robot gaze control

during conversation that take into account this collab-
orative process. The goal is to make the conversation
flow smoother by providing the human with the expected
gaze signals that occur during turn-taking.
An expected outcome is to reduce the risk that the lis-

tener interrupts the robot. Without signaling, it is quite
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Figure 1: Close-up of Erica.

frequent that the human interrupts the robot because
she or he did not understand that the robot intended to
continue speaking.
Using gaze to signal the turn taking is also expected to

avoid undesired pauses caused by the listener not taking
it’s turn fast enough.
In addition to provide the adequate signaling, the gaze

pattern should not be unnatural. The implementation
of a human-like solution to the problem of unwanted
interruption is all the more important as we work with an
android robot developed to look very similar to human.
This appearance similarity amplifies the sensitivity to
unnatural behaviors.
For this reason, the proposed gaze pattern should also

display the same habit as human to avert gaze during
utterance formulation [5]. Humans tend to avert their
gaze during formulation to reduce the cognitive load.
This a natural phenomenon we are used to witness dur-
ing a conversation. Thus, in addition to the turn taking
signal, the proposed gaze pattern generation also tries to
reproduce the aversion that occurs during formulation.

2 RELATED WORK

The use of gaze by social robot during interaction have
been investigated by several authors with different per-
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Figure 2: Example of possible sensor network configura-
tion.

spectives. In particular, in [6], the authors recorded
human-human conversations in order to estimate statis-
tics from the gaze patterns. Then, these statistics were
used to implement the gaze control of a NAO robot.
The NOA robot was judged by participants to be more
thoughtful and it was able to manage the conversation
floor. In this paper, we would like to achieve similar re-
sults using a robot that is more human-like than NAO.

3 ROBOT GAZE CONTROL

The proposed gaze pattern generation is designed for
Erica [7], a robot that was designed to have a realistic
human like appearance, see Fig.1.
The components of Erica that are involved in the gaze

control are:

• a sensor network,

• a kinematic model,

• and a closed-loop controller.

The sensor network main role is to track human
[8, 9, 10] and determine who is talking [11, 12]. For
this purpose a human tracking system is combined with
a sound localization system. Figure 2 shows one exam-
ple of configuration with four laser range finders (LRFs)
for tracking humans and two microphone arrays for per-
forming sound localization. During the experiments, the
human tracker system was not using LRFs but RGB-D
cameras attached to the ceiling of the room [13]. Us-
ing the sound localization (the red arrows in Fig.2) it is
possible to determine who is talking.
Figure 3 shows the joints involved in the gaze control.

The kinematic chain controlling the eyes direction has 7
degrees of freedom (DOF):

• yaw and pitch for the eyes,

• yaw pitch and roll for the neck,

• yaw and pitch for the waist.

Waist yaw

Waist pitch

Neck yaw

Neck pitch

Neck roll

Eyes yaw

Eyes pitch

Figure 3: Kinematic chain for the gaze.

However, the current implementation does not use the
neck roll.

Pneumatic actuators are used to move the joints.
These actuators are controlled by on board PID con-
trollers. The commands are sent to the robot at a fre-
quency of 20 Hz. The robot provides a feedback mea-
sured by potentiometers also at the frequency of 20 Hz.
The on board PID are tuned to favor smoother move-
ments which results in a lesser control accuracy. Conse-
quently, it is necessary to rely on the feedback to get the
achieved positioning.

Using the specifications of Erica, a computer model
of the kinematic chain was implemented. The posture
of the model is updated when the feedback from the
actuators is received. Namely, the model provides an
estimate of the current posture of Erica.

The kinematic model provides the current gaze direc-
tion of Erica’s eyes. The goal of the gaze control is to
send command to move the joints of Erica in order to
align Erica’s gaze direction to the desired gaze direction.
Only the eyes are controlled in a closed loop because the
accuracy on the eye movement is greater than on the
waist and neck.

Erica is able to track a moving person walking in front
of her using the gaze control. This is illustrated in Fig.4.
The top of Fig.4 shows the yaw of the focus direction
(solid line) and the yaw of the gaze direction given by the
kinematic model (dashed line). The three other graphs
are showing the command values (solid lines) and the
potentiometer values (dashed lines) for the control of the
waist, neck and eyes yaw. We can note a slight delay,
which is expected, and some overshoots. However, the
graph for the neck control shows some large errors and
the one for the waist some small errors. Then, we can see
on the graph for the eyes that the command is different
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Figure 4: Close-up of the axis command (dashed) and
potentiometer feedback (solid) for the yaw.

t

Figure 5: Robot utterance and voice activity (red).

and it compensated for the error as expected.

4 ROBOT GAZE PATTERN

Previous section showed that Erica is able to look rela-
tively precisely to a given direction. In this section, we
will discuss the gaze pattern during interaction. In par-
ticular, the focus is on the gaze pattern when the robot
is talking.

4.1 Gaze pattern timing

Figure 5 shows a typical utterance of the robot. It is
possible to have a precise voice activity detection for the
robot speech from the text to speech (TTS) module.
The goal is to produce a gaze pattern that presents

the adequate cognition and turn taking cues. Such a
gaze pattern is illustrated in Fig. 6. The gaze pattern is
a succession of gaze aversion and eye contact that have
timed in a specific manner.
In particular, if a single utterance is considered, as in

Fig. 7, it is split in different phases:

• The cognition phase, denoted by C, starts before the
utterance and overlaps the beginning of the utter-
ance. This phase corresponds to the duration during
which gaze aversion is expected as the talking would
be formulating her or his utterance.

• The final phase, denoted by F, starts before the end
of the utterance and persists after the utterance is

t

Gaze aversion Eye contact

Figure 6: Gaze pattern for two consecutive utterances.

t

C B F

Figure 7: The three utterance phases.

over. During this phase, the turn taking signal is
sent to the conversation partner. If the speaker
wants to give the turn, eye contact is sought. But,
on the contrary, if the speaker intends to continue
talking the gaze is averted.

• The body phase, denoted by B, is the duration be-
tween the end of the cognition phase and the be-
ginning of the final phase. During this phase, a
succession of short gaze aversions and eye contacts
occurs.

In order to produce the gaze pattern, it is necessary
to anticipate the start of the utterance to be able to
perform the aversion of the cognitive phase and the end
of the utterance to be able to start signaling the turn
taking in advance.
The sequence of actions that results in the robot

speaking is indicated on the time line of by Fig. 8:

• a speak request is sent at time S to the TTS module,

• the synthesized speech is ready at time T,

• the lip synchronization commands are sent to the
robot at time C,

• The lip movement and the sound production start
at time V.

The delay d between speech request and actual speech
production is due to the necessity to synchronize the
speech sound with the lip motion. Because of the pneu-
matic actuation, the shortest possible delay is 500 ms.
The expected end of the utterance is known in advance as
the duration D of the utterance is deduced from the syn-
thesized speech. Thus, it is possible to access in advance
the voice activity of the robot and all the timing infor-
mation necessary to create the gaze pattern are readily
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Figure 8: Sequence of events during an utterance pro-
duction.
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Figure 9: Sampling phase boundaries from Gaussian dis-
tributions.

available. Note that to generate a cognition phase longer
than 500 ms, it is necessary to add a pre-delay.

In order to have a more natural gaze pattern, it is
important to introduce some variability in the differ-
ent phase durations. In the current implementation, the
start time and end time of the different phases are sam-
pled from Gaussian distributions. Figure 9 shows that
the phases are determined by four distributions.

In the body phase, the gaze pattern is composed of
short aversions and eye contacts. This is done by sam-
pling the aversion duration and the duration between
successive aversions from two Gaussian distributions.

Note that when the robot is listening, the gaze pat-
tern is also a succession of aversions and eye contacts.
However, the duration of the aversions and the intervals
between them are shorter. These patterns are generated
this way as humans also tends to do shorter and less
frequent aversion when listening than when talking [1].

4.2 Gaze pattern direction

The eye contact is performed by having the robot look at
the human that is detected by the sensor network. The
sensor network gives the position of the person in the
room and the height of that person (the top of the head).
In the current implementation, the gaze controller set the
robot to look at a fixed offset of 0.15 meters from the top
of the head.

During gaze aversion, an offset is added to the gaze
controller that results in the eyes of the robot being
averted from the person. The gaze aversion offset is char-
acterized by two angles θ in the horizontal plane and φ

in the vertical plane.

To introduce randomness in the gaze aversion, first
the ”general direction” is selected among ”up”, ”down”,

UP

Down

RightLeft

Figure 10: Sampling gaze directions from Gaussian dis-
tributions in the four ”general directions”.

Figure 11: Speech overlap caused by missing the signal
indicating a short pause.

”left” or ”right”. Then, the magnitude of the aversion is
sampled from Gaussian distributions, see Fig. 10.

5 EXPERIMENTAL SYSTEM

To asses the effect of the gaze pattern on the conversa-
tion, it is necessary to define a measure of performance.
For this purpose, a conversation monitoring system is
used. Using the microphone arrays of the sensor net-
work, the speech activity of the subject conversing with
Erica is logged. The utterance timing and the gaze pat-
tern information are also recorded at the same time.

Figure 11 shows an overlap situation. The subject did
not understand that Erica was just making a short pause
and took the talking turn. Even if the subject voice is
detected it is usually too late to avoid a slight overlap
as the robot commands are sent in advance. This is a
typical case where the robot should use gaze aversion to
signal the turn is not over. Thus, a measure of perfor-
mance is the duration of the overlap (the blue region in
Fig. 11).
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Figure 12: Speech overlap caused by missing the signal
indicating the robot is about to talk.

Figure 13: Example of delayed answer.

Another overlap situation is the one when the subject
could not anticipate that the robot was about to talk.
Then, the subject starts talking just before the robot re-
sulting in an overlap. In this case, illustrated in Fig. 12,
not signaling the cognition phase by a gaze aversion re-
sulted in the overlap (in blue).
In addition to speech overlaps, the conversation is not

smooth when the subject takes much time to answer to
the robot because the robot did not signal properly the
end of turn. Thus, measuring the response time of the
subject, the blue duration in Fig. 13 is another good
indication of performance.
For a given conversation between a subject and the

robot, it is possible to calculate the total speech over-
lap and the average response time. These two values are
used as the measure of performance for the generated
gaze pattern. Namely, between two candidate gaze pat-
terns the one that results in less speech overlap and a
smaller average response time is considered better.
In order to compare different gaze patterns for differ-

ent subjects, the random generation of the phase timing

are only computed one time and stored. Then, it is pos-
sible to compare the same realization of the gaze pattern
by replaying the stored version to each subjects.
Preliminary experiments have showed that creating

the gaze pattern using Gaussian distribution is not
straight forward. The first attempts used the means and
standard deviations that were estimated from human-
human conversation in [6]. However, the generated gaze
patterns were not satisfying. In particular, the cogni-
tion and final phase tended to be too long for the robot
utterances. The reason is maybe that the subjects in
[6] were familiar with each others and had conversations
composed of rather long utterances. In comparison, the
robot-subject utterances tend to be shorter. Another
possible explanation is cultural difference as the results
reported in [6] are for English whereas we conducted our
experiments in Japanese. It is also possible that we are
more sensitive to the gaze pattern mismatch as Erica is
more human-like than NAO.

6 CONCLUSIONS

In this paper, we motivated the need for a gaze pattern
generation that helps the robot to have a smoother con-
versation. We presented the architecture of the system
and explained the concept of the gaze pattern genera-
tion. However, the implementation and testing of the
system was not done yet as preliminary results showed
that finding a reasonable set of parameters for our robot
is not as simple as expected. Thus, the focus now is on
adapting the gaze pattern statistics to our specific robot
in order to proceed with the evaluation. A possibility is
to generate the statistics by taking into account the du-
ration of the utterance when creating the gaze pattern.
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