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Abstract—To improve face-to-face interaction with robots, we
developed a model for generating interactive facial expressions
by using a simple recurrent network (SRN). Conventional models
for robot facial expression use predefined expressions, so only
a limited number of expressions can be presented. This means
that the expression may not match the interaction and that the
person may find the expressions monotonous. Both problems can
be overcome by generating expressions dynamically. We tested
this model by incorporating it into a robot and comparing the
expressions generated with those of a conventional model. The
results demonstrated that using our model increases the diversity
of face-to-face interaction with robots.

Index Terms—Human-robot interaction, simple recurrent net-
work, facial expression, emotion, Kansei robot, Ifbot

I. INTRODUCTION

Several recently developed robots incorporate human-like
features. For example, Repliee [1], [2] and SAYA [3], [4]
resemble people. Kismet [5] generates facial expressions.
Ifbot, the robot developed in our laboratory [6], incorporates
sensibility communication technology that enables it to deal
with facial expressions and emotions [7]- [12]. All of these
robots generate facial expressions by using motors and are
designed to communicate smoothly with people.

For robots to communicate smoothly with people, they need
not only the ability to handle ordinary physical interactions
but also to use kansei (sensibility). In other words, robots
need to exhibit conciliatory behavior, and appear to enjoy
the communication. They also need an interface to enable
them follow the person’s instructions. Moreover, robots should
be able to interact with people on the basis of physical
embodiment. As robots becoming more widely used, there
will be a growing demand for them to act in a friendly
manner and to use human-like communication methods. We
have been working on various ways for robots to generate
facial expressions as a component of their communication.

Facial expressions, as well as speech and gestures, play an
important role in expressing emotions during human commu-
nication [13]. They can also play an important role in human-
robot communication. They are especially important when for

robots designed to entertain.
In general, robot facial expressions are generated by the

intricate, coordinated movement of motors located in the
robot’s eyes, neck, and other areas. Since this requires much
time and effort, the variety of facial expressions is limited.
When a person expresses an emotion, he or she makes a
facial expression with a certain pattern and features. However,
the expression is always slightly different. If a robot’s facial
expression is always the same for a particular emotion and
lacks variety, the person interacting with the robot will find it
unnatural from our experience. For robots to express a variety
of natural facial expressions, they need a way to dynamically
generate expressions corresponding to emotions by synthesiz-
ing facial expressions using predefined expressions.

When people express an emotion, the emotion is based
on a past state. A person has the flexibility to be stimu-
lated by external agents, and emotions are generated by the
transitions of the internal state. This leads to dynamic facial
expression generation. To enable robots to exhibit dynamic
facial expressions, we developed a model based on a simple
recurrent network (SRN) [14] for generating facial expressions.
An SRN generates output in accordance with previous state
transitions. We implemented this model in the Ifbot robot and
experimentally investigated its ability to improve human-robot
communication.

II. FACIAL EXPRESSION MECHANISM OF IFBOT

Ifbot, shown in Figure 1, is 45 cm tall, weighs 9.5 kg,
has two arms, and moves on wheels. The mechanism for
controlling its facial expressions has 10 motors and 101 LEDs
(Figure 2). The motors move Ifbot’s neck, both sides of each
eye, and both sides of each eyelid. The neck has two axes
(θN1, θN2), and each side of each eyes has two axes (left:
θ
(L)
E1 , θ

(L)
E2 ; right: θ

(R)
E1 , θ

(R)
E2 ). Each side of each eyelid has two

axes (left: θ
(L)
L1 , θ

(L)
L2 ; right: θ

(R)
L1 , θ

(R)
L2 ). The LEDs work with

the motors to express several emotions. They are located on
the head (LH ), mouth (LM ), eyes (LE), cheeks (LC), and tear
ducts (LT ). Those on the head can emit light in three colors
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Fig. 1. Front and side views of Ifbot.
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Fig. 2. Facial expression mechanisms of Ifbot.

(orange, green, red), those in the mouth can emit orange light,
those in the eyes can emit light in three colors (green, red,
blue), those in the cheeks can emit red light, and those in the
tear ducts can emit blue light. Using this mechanism, Ifbot can
generate various facial expressions.

III. INTERACTIVE FACIAL EXPRESSION MODEL

In general, a robot’s facial expression is controlled by a mo-
tion file corresponding to the desired emotion. In other words,
there is only one facial expression per emotion. Therefore, the
facial expression for each emotion remains the same even over
a series of interactions. Simply increasing the number of files
will not eliminate the feeling of unnaturalness.

Our interactive model, which enables a robot to generate
a unique facial expression in response to each stimulus, is
based on a neural network. Neural networks are frequently
used for mapping qualitatively different types of data, stim-
ulations, and actuating parameters [16]. Neural networks can
generalize the patterns learned during training to encompass
new instances, and they are flexible. However, in general,
a layered neural network cannot deal with time-series data.
Therefore, we used a simple recurrent network [14], [15] as
the basis of our expression-generation model because it can
generate expressions on the basis of past state transitions.

A. Simple Recurrent Network

An SRN has a context layer between input layer and hidden
layer. The number of units in the context layer equals that in

Fig. 3. Proposed interactive facial expression model.

the hidden layer because the units in both layers have a one-
to-one correspondence. In an SRN, the activations are copied
from the hidden layer to the context layer on a one-to-one
basis, with a fixed weight of 1.0. The dotted lines in Figure 3
represent trainable connections. The data in the context layer
at a given time reflects data from a previous hidden layer.
Subsequently, the data in the context layer is returned to the
hidden layer, where it is mixed with new input data. Thus,
SRN deals with time-series data by adding a context layer.

B. Facial Expression Model using SRN

Our proposed model is illustrated in Figure 3. The input is
a stimulation event, and the output is a facial expression. A
context layer and hidden layer pair is an emotion for which
the robot outputs a facial expression considering changes in
past stimulations. The hidden layer contains an internal rep-
resentation for mapping a facial expression to the stimulation
event. The relationship between a stimulation event and the
facial expression is mapped by learning the network. The
robot can thus express a facial expression corresponding to
the stimulation event.

This mapping of stimulation events to facial expressions
enables an emotion to be connected with a facial expression.
However, Cornelius states that emotion is a useful action to
satisfy and free a sense and a desire. In addition, this action
is thought to be acquired by the force of habit. For example,
a cat will automatically assume a certain posture to protect
its ears while fighting with another cat. This action came to
be automatic in situations related to a threat [17]. The same
kind of learning is needed for generating expressions in a robot
that exhibit emotions. That is, repetitive learning of an action
(facial expression) that is appropriate to the stimulation event is
needed. The stimulation event and facial expression are simply
mapped by learning the network. With this learning, various
facial expressions can be produced by a robot.

This model of learned time-oriented relationships between
basic stimulation events and facial expressions can generate
various facial expressions using the generalization capability of
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Fig. 4. Evaluation system using Ifbot.

the neural network. When a stimulation event is input, the re-
sulting facial expression is automatically generated because the
network can learn and generate temporal patterns. Moreover,
various mixed expressions can be synthesized corresponding
to the timing of the stimulation event because the network has
internal feedback. Without considering a specific interpolation
method, the network can dynamically generate the facial
expression.

We define the weight factor of the feedback connection with
each context unit as α, and it remains fixed (Figure 3). The
output of the context units at time t is given by

ci(t) =
{

ci(0) (t = 0)
αci(t − 1) + hi(t − 1) (t > 0) , (1)

where hi(t) is the output of the hidden units at time t, and
hi(0) and ci(0) are the initial values of the hidden units and
context units, respectively. The learning of the network can be
improved by setting an appropriate value of α.

IV. EVALUATION SYSTEM

A. Construction

The system used for the evaluation is illustrated in Figure 4.
It is based on the assumption that a stimulation event can
occur at any time. An emotion is identified for the event,
and the robot, Ifbot, generates an appropriate facial expression.
A person controls the interactions with the robot by using a
display screen. As shown in Figure 4, red, blue, cyan, and
green buttons are displayed. They represent four emotions
(anger, sadness, surprise, and happiness) adopted from six
basic emotions [18]. Red corresponds to anger, blue to sadness,
cyan to surprise, and green to happiness. The system inputs a
1 to the unit in the input layer corresponding to the button
pressed inputs a 0 when there is no stimulation event. The
values of the facial expression control parameters in the model
are used to control the robot. The 15 control parameters are
expressed as

S = (θN1, θN2, θ
(L)
E1 , θ

(L)
E2 , θ

(R)
E1 , θ

(R)
E2 , θ

(L)
L1 , θ

(L)
L2 ,

θ
(R)
L1 , θ

(R)
L2 , LH , LM , LE , LC , LT )T , (2)

Fig. 5. Teaching data.

Fig. 6. Proposed A. Fig. 7. Proposed B.

where θ
(·)
· are motor outputs corresponding to θ

(·)
· , and L· are

patterns output from the LEDs of each part in Figure 1.
We used 4, 25, and 15 units in the input, hidden, and

output layer, respectively (with 25 context units). The input
units correspond to the four emotions. To train the network,
we used four of Ifbot’s facial expressions as teaching data. The
teaching data was made of an emotional face and the default
face by a linear interpolation. The temporal facial changes for
these emotions are shown in Figure 5.

B. Characterization by Learning

We created four robots (two proposed and two conventional)
that can generate expressions corresponding to the four emo-
tions. The two proposed robots are referred to as “Proposed A”
and “Proposed B”, and the two conventional robots are referred
to as “Default A” and “Default B”.

We think that we can give the robot a character by the
method of the training of stimulation and expression. We
implement two characterized robots by learning in this paper.

1) Proposed A: Proposed A generated a facial expres-
sion for the appropriate emotion at the instant a stimulation
event was input. The method used for training this robot
(e.g. learning anger) is shown in Figure 6. For each input
sequence, in which four bits were presented at a time, the
correct output at the corresponding point in time is shown. At
time t = 1, the input unit corresponding to the stimulation
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Fig. 8. Facial expressions using Proposed A.

Fig. 9. Facial expressions using Proposed B.

event was input as 1.0, and the network trained the robot to
generate the appropriate facial expression. For t = 2 − 10,
the network gradually trained the robot to generate the default
facial expression for when there was no stimulation event.
Using this method, the network trained the robot to generate
the appropriate facial expression for all four emotions using
the right arrow facial change in Figure 5. In fact, when a
stimulation event was input, the leftmost facial expression was
generated.

2) Proposed B: Proposed B gradually generated a facial
expression for the appropriate emotion as the stimulation
event proceeded. The method used for training this robot (e.g.
learning anger) is shown in Figure 7. At time t = 1, the input
unit corresponding to the stimulation event as continuously
input as 1.0, and the network gradually trained the robot to
generate the appropriate facial expression. Using this method,
the network trained the robot to generate all four emotions
using the left arrow facial change in Figure 5.

Figure 8 and Figure 9 show examples of face changes using
our proposed model. You can see the face of the fourth picture
of Figure 8 that doesn’t appear in the teaching facial data.
Our proposed model can easily express the face with mixed
emotions. Figure 9 shows that the robot generated emotional
facial expressions by accumulating same stimulation.

Moreover, as follows, we prepared the conventional robots
for facial expression. Conventional models for robot facial
expression use predefined expressions.

3) Default A: Default A operated the same as Proposed A,
except that it only generated facial expressions taken from the
training data of right arrow face change.

4) Default B: Default B operated the same as Proposed B,
except that it only generated facial expressions taken from the
training data of left arrow face change.

V. EVALUATION

We subjectively evaluated the impression that each robot
made on a person interacting with them in comparison with
that made by the conventional system.

A. Procedure

The participants were 28 college students (20-24 years old,
23 men, 5 women). They interacted freely with the four robots
(Proposed A, Proposed B, Default A, Default B) one robot at a
time for as long as they wanted. In terms of content interaction,
participants gave stimulus to the robot by using the button
interface (e.g., input as shown in Figure 8 and Figure 9) and
looked the facial expression of the robot. The interfaces for
the robots were identical. The order in which the participants
interacted with the robots was random for each person. At
the end of the interaction with each robot, the participant
completed a questionnaire. The evaluation was based on a
semantic differential (SD) technique [19] in which values on a
7-point scale were assigned for six pairs of opposing evaluative
adjectives:

• natural - artificial
• humanlike - mechanical
• complicated - simple
• interesting - boring
• intuitive - rational
• like - dislike.

For example, a score of 7 for the first pair meant that the
robot acted completely naturally, while a score of 1 meant
that it acted completely artificially. Therefore, the higher the
score, the better the robot’s performance. After evaluating
all four robots, the participant ranked them in order of their
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Fig. 10. Experiment result of each system (robot) of each evaluation item.

overall performance and wrote a descriptive impression of the
interactions.

B. Results

We tested the questionnaire using the Friedman test, a
nonparametric one-way analysis of variance, and a Scheffe test,
a test of statistical significance, because of ordinal scales. The
mean values for the evaluated pairs are shown in Figure 10.

1) natural - artificial: The difference in evaluations be-
tween the two proposed robots and Default A was significant.
Both proposed robots received a neutral evaluation, while the
two conventional robots tended to receive an artificial evalua-
tion. From the descriptive impressions, we found that Default A
tended to react too quickly with little variety in its movements.
This is attributed to the proposed method always changing the
facial expression in accordance with the stimulation events and
to the timing of the stimulation events. The proposed method
can reduce the amount of artificial feeling in the interactions
compared with the conventional method.

2) humanlike - mechanical: Both proposed robots were
evaluated as humanlike, and both conventional ones were
evaluated as mechanical; the difference was significant. We at-
tribute this to the differences in the generated facial expressions
between the proposed and conventional robots. The proposed
robots displayed a variety of facial expressions because the
expressions changed in accordance with the timing of the
stimulation events. The proposed robots thus tended to create
a less mechanical feeling. This was reflected in the descriptive
impressions.

3) complicated - simple: The differences were significant
for the all combinations of proposed and conventional robots
(p < 0.01). Both proposed robots were evaluated as compli-
cated, while both conventional ones tended to be evaluated

as simple. Several opinions were expressed in the descriptive
impressions: “The actions of the conventional robots felt
monotonous”; “Since a mixture of expressions was expressed,
the actions of the proposed robots felt complex”. In short,
the proposed robots were better able to generate expressions
conveying mixed emotions.

4) interesting - boring: The differences were significant
for the all combinations of proposed and conventional robots
(p < 0.01). Both proposed robots were evaluated as interesting,
while both conventional robots were evaluated as neutral. We
consider that this evaluation item summarize the views on the
above-mentioned evaluation items. These results suggest that
the proposed model can increase the diversity of human-robot
interaction.

5) intuitive - rational: This evaluation pair is significantly
different from the others because it is not a comparison
between the proposed and conventional robots but rather a
characterization. Robots A (Proposed A and Default A) reacted
instantly, while Robots B (Proposed B and Default B) generated
facial expressions for each emotion by accumulating stimula-
tion events. The participants generally thought that Robots A
were intuitive and Robots B were rational. This result matches
the setting of the characterization.

6) like - dislike: There was significant difference between
Proposed A and conventional robots. However, as shown in
Figure 10 (b), the tendency for a different preference depended
on the person was seen for the control method and the charac-
terization. From the descriptive impressions, some participants
liked the quicker reactions of Robots A, and some liked the
slower reactions Robots B. For example, one person thought
that becoming angry quickly was more natural, while another
thought that gradually becoming angry was more natural.
Therefore, the difference for this pair is not significant because
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Fig. 11. Frequency distribution of each rank.

the evaluations varied a great deal.

C. Ranking

The results for ranking are shown in Figure 11 as a
histogram. There was a clear difference: Proposed A and B
were ranked first or second by virtually everyone. The reason
for this is mostly explained by the results for like - dislike. Note
that the other proposed method (characterization not suitable
for the preference) was ranked second most frequently. This
suggests that the good influences of the proposed method in
the interaction are stronger than the benefits of the character-
ization.

VI. CONCLUSION

We have developed an interactive facial expression model
that uses the feedback and generalization capabilities of a
simple recurrent network. Only basic expressions are made
and trained; the network uses them to automatically generate
similar facial expressions. This reduces the time needed for
generating predefined facial expressions. Moreover, the artifi-
ciality of and uncomfortable feeling generating by the robot’s
facial expressions are reduced. If a robot can add a feeling
of emotion to its communication with a person, the person
is more likely to develop a sense of intimacy with the robot.
We focused on this advantage and examined it in a subjective
evaluation. We implement the proposed model in a robot and
evaluated the effectiveness of the dynamic facial expression
during interaction between a person and the robot. The results
suggest that dynamically generating facial expression using the
proposed method gives the person interacting with the robot a
better impression than that using a conventional method. We
showed that using the proposed model

1) reduces the artificial and mechanical feeling created by
the facial expressions of a robot,

2) a robot can express interest and complicated expressions
by mixed emotions, and

3) a robot can be characterized by using facial expressions.
We used the frame of simplified interaction and evaluated

it to judge the effectiveness of the proposed model because

we wanted the participants to focus on the facial expressions
of the robot during interaction. Considering symbiosis of
the person, we need to evaluate the interactions in practical
communications between a person and a robot.
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