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We think that psychological interaction is necessary for smooth communication between robots and people. One
way to psychologically interact with others is through facial expressions. Facial expressions are very important
for communication because they show true emotions and feelings. The “Ifbot” robot communicates with people by
considering its own “emotions”. Ifbot has many facial expressions to communicate enjoyment. We developed a
method for generating facial expressions based on human subjective judgements mapping Ifbot’s facial expressions
to its emotions. We first created Ifbot’s emotional space to map its facial expressions. We applied a five-layer
auto-associative neural network to the space. We then subjectively evaluated the emotional space, and created
emotional regions based on the results. We generated emotive facial expressions using the emotional regions.

1 INTRODUCTION

Recently, the robotics research field has been shifting
from industrial to domestic applications, and several
domestic robots have been developed [1–4]. Because
these robots require the ability to work as a part of
our daily lives, they also require interfaces to commu-
nicate actively with us. Not only verbal information
but also non-verbal information is an important part
of communication between people. For this reason,
communication of mental information such as emo-
tions and feelings between robots and people has been
often studied. For example, Kobayashi et al. [5] devel-
oped an active human interface that allows robots to
perceive people’s emotions and tell people reactions.
They also reported a mechanism for controlling of fa-
cial expressions for a robot as a way to communicate.
Wada et al. [6] developed a mechanical pet to behave
autonomously, as if it had a mind and emotions, and
physically interact with people. He showed the possi-
bility that this interaction give people mental effects
like pleasure and calmness. These studies addressed
emotions and feelings in the communication between
people and robots. We aim to develop a smooth com-
munications between people and robots by enabling
robots to express emotions and feelings.

One useful way to communicate emotions is facial
expressions. In communication between people, an ex-
pression of anger threatens the other party, and an

expression of happiness extends goodwill. Facial ex-
pressions show true emotions. Similarly, in commu-
nications between robots and people, if expressions
corresponding to the emotions of the robots are gener-
able and the robots can express them, communications
become smoother.

Robots that can use facial expressions, include
SAYA [7] and Kismet [8]. SAYA has a face and
human-like skin quality, and human-like emotions are
expressed faithfully. SAYA has been practically used
as an acceptance robot. Kismet is a facial robot that
deforms its head. It creates facial expressions by mov-
ing its exaggerated eyebrows, eyes, mouth, and ears.
Both robots express their emotions using facial expres-
sions and aim at smooth communications with people.

We developed a sensibility communication robot, If-
bot [9–11]. Ifbot understands speakers’ utterances,
and communicates with people by expressing its emo-
tions. To express its emotions, Ifbot has about 50
expressions, and talks while making them. Not only
robots but also CGs can communicate with people.
However, plasticity, reality, spatiotemporal common
feelings etc. help to express sensibility factors because
robots are physical entities. Ifbot can make various fa-
cial expressions using its complicated mechanisms, so
it is especially fit to express sensibility factors. In this
paper, we evaluate the emotional transmission not of
CGs but of Ifbot in its communication with people.

A method for seamlessly changing Ifbot’s facial ex-

1



Fig. 1 Front and side views of Ifbot.

pressions using emotional space has been proposed
[12]. An emotional space was created for Ifbot us-
ing a five-layer perceptron. However, whether Ifbot’s
emotions corresponded to its face in the space was
not analyzed. In this paper, we analyze an emotional
space based on the people’s opinions and propose a
method for generating facial expressions based on the
result.

We first attempted to extract the characteristics of
Ifbot’s facial expressions by mapping them to its emo-
tional space. We applied a five-layer perceptron to
the extraction. Then, we created expressions using
the emotional space and evaluated them subjectively.
We constructed regions for emotional expression (emo-
tional regions) in the emotional space based on the re-
sult. We experimentally evaluated impressions of faces
created from the emotional regions and evaluated the
effectiveness of the emotional regions.

2 IFBOT

Front and side views of Ifbot are shown in Fig. 1.
Ifbot is 45 cm tall, weighs 7 kg, has two arms, and
moves on wheels.

Ifbot’s facial-expression mechanisms, made up of
ten motors and 104 LEDs, are outlined in Fig. 2. The
motors run Ifbot’s neck and both eyes and eyelids. The
neck has 2 axes (θN1, θN2), and each eye has 2 axes

(left: θ
(L)
E1 , θ

(L)
E2 ; right: θ

(R)
E1 , θ

(R)
E2 ). Each eyelid has

2 axes (left: θ
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L1 , θ

(L)
L2 ; right: θ

(R)
L1 , θ

(R)
L2 ). The LEDs

are set up for the head (LH0), mouth (LM ), eye color
(LE), cheeks (LC), and tears (LT ). They emit three
colors (orange, green, and red) in the head, one color
(orange) in the mouth, three 3 colors (green, red, and
blue) in the eyes, one color (red) in the cheeks, one
color (blue) for tears, and one color (orange) in the
ears. Using these mechanisms, Ifbot can make various
facial expressions.
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Fig. 2 Facial-expression mechanisms of Ifbot.
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Fig. 3 Creating emotional space.

3 CREATING EMOTIONAL SPACE

We used a five-layer perceptron [13] to map the charac-
teristics of Ifbot’s facial expressions onto its emotional
space. The five-layer perceptron has a sand-glass type
neural network with a narrowed interlayer. The tar-
gets used to train the network were simply the input
data, so the network attempted to map each data item
onto itself. At the interlayer, we get the internal struc-
ture contained in training data by using the five-layer
perceptron [14]. Neural networks have generalization
performance, so we can create intermediate faces by
training using only basic facial data. Five-layer per-
ceptrons have been used for analysis or synthesis of
facial expressions in previous studies [14, 15].

The five-layer perceptron that we used to create the
emotional space is shown in Fig. 3. The number of
units in the third layer is fewer than the number of
I/O units. Five-layer perceptrons have nonlinear map-
ping performance superior to that of three-layer per-
ceptrons [15]. In this network, the characteristics of
input data are extracted to the third layer by training.
We used the output of the third layer to map Ifbot’s
emotional space.

We used 15, 45, 2, 45, and 15 units in the layers.
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Fig. 5 Emotional space of Ifbot.

That is, the emotional space extracted to the third
layer has two dimensions. The internal structure of
facial data is compressed into two dimensions, and a
characteristic space is expressed visually. This is used
to evaluate the emotional space and divide it into If-
bot’s emotional regions.

To input, we use 10 motor outputs and patterns
outputted from the LEDs for head, mouth, eye color,
cheeks, and tears.
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To train the perceptron network, we used four of If-
bot’s facial expressions: anger, happiness, sadness,
and surprise. These facial expressions were the most
popular in the questionnaire given in advance [12].
The facial changes for each emotion are shown in Fig.
4.

Ifbot’s emotional space, constructed by training the
network, is plotted in Fig. 5. The four lines map the
facial data used to train Ifbot. The red line is anger,
the cyan one is happiness, the blue one is sadness, and
the green one is surprise. You can see that the facial
expressions are classified in the emotional space. In
the next section, we attempt to subjectively analyze
the emotional space and divide it into regions to ex-
press each emotion.

4 EMOTIONAL REGIONS

We defined Ifbot’s emotional regions based on subjec-
tive judgements using a questionnaire with 121 of If-
bot’s facial expressions. These facial expressions were
extracted according to the following procedure.

First, we partitioned off the emotional space from
0.0 to 1.0 by units of 0.1 to form a grid and picked
out each node. Then, the location of each node was
inputted to the third layer of the five-layer perceptron,
and facial parameters were outputted from the fifth
layer. We created facial expressions from the facial
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Fig. 6 Results of questionnaire.

parameters. Respondents chose the emotion that best
corresponded to each expression. We provided seven
options for classifying emotions: six basic emotions
[16] and no classification. We surveyed 20 people.

The results of the questionnaire are shown in Fig. 6.
The red points are those perceived as anger, the cyan
ones are those perceived as happiness, the blue ones
are those perceived as sadness, and the green ones are
those perceived as surprise. Fig. 6(a) shows points as
perceived by over 50% of respondents, and (b) shows
points as perceived by over 80% of respondents.

In analyzing the results of the questionnaire, we
paid attention to the points perceived the same way
by 50 to 80% of respondents and by over 80%. We
think that the same emotion is expressed in the fixed
range defined by these points. Therefore, we assumed
that the areas defined by the points perceived the same
way by 50 to 80% of respondents were regions of weak
emotions, and the areas defined by the points per-
ceived the same way by over 80% of respondents were
regions of strong emotions. Using these regions, we
defined Ifbot’s emotional regions, as shown in Fig. 7.
In the figure, deep colors represent regions of strong
emotions, and light colors represent regions of weak
ones. A model of the emotional regions is shown in
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Anger (recognized by 90%)

 Happiness (recognized by 96%)

Surprise (recognized by 72%)

Sadness (recognized by 86%)

Fig. 4 Ifbot’s facial data.
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Fig. 7: Emotional regions based on subjective evalua-
tion.

Fig. 8. Weak happiness is the center of the emotional
space, and regions of other emotions surround it. To
make Ifbot more pleasant, the region of weak hap-
piness is used when Ifbot is neutral. We think that
Ifbot can help people relax by expressing weak happi-
ness when it is neutral. Using these emotional regions,
we created facial expressions corresponding to Ifbot’s
internal emotions.

Sadness

Anger Happiness

Surprise

Fig. 8 Model of emotional regions.

5 CREATING FACIAL EXPRESSIONS US-

ING EMOTIONAL REGIONS

Ifbot has many built-in facial expressions for commu-
nicating enjoyment. They are used to express its emo-
tions, intentions, and reactions to external stimula-
tion. Each of these expressions is a facial sequence
that starts with a neutral face, goes through expres-
sive faces, and ends with the neutral face. That is,
emotions cannot be expressed continuously, and two
facial expressions cannot be connected smoothly. In
this paper, we use the emotional regions to suitably
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express emotions.
When Ifbot continuously expresses an emotion, fa-

cial expressions with moderate changes are more nat-
ural than a fixed one. To express emotions naturally,
we developed a way to fluctuate expressions. Ifbot’s
expression generation method is outlined in Fig. 9. A
coordinate point, P (t) = (x1(t), x2(t))

T , at time t in
the emotional space is inputted to the third layer of
the perceptron, and a facial expression is created. The
point is decided using the following procedure.

1. Deciding the fluctuation value.
A fluctuation value, Xi(t), at time t is given by

Xi(t) =



















Xi(t − ∆t) + 2Xi(t − ∆t)2

(0 ≤ Xi(t − ∆t) < 0.5)

Xi(t − ∆t) − 2(1 − Xi(t − ∆t))2

(otherwise),

(2)
where ∆t is a time step. In this paper, we consider
two fluctuation values, X1(t) and X2(t), because
we use two-dimensional emotional space.

2. Deciding the direction of point movement.
Using the fluctuation value given by step (1), the
direction of movement, n(t) = (n1(t), n2(t))

T , of
a point, P (t − ∆t), is given by

n(t) =
u(t)

|u(t)|
, (3)

where

u(t) =

(

X1(t) − 0.5
X2(t) − 0.5

)

. (4)

3. Deciding the coordinate point.
The coordinate point, P (t), is decided by moving
P (t−∆t) in direction n(t) by a fixed distance, d:

P (t) =

(

x1(t − ∆t) + dn1(t)
x2(t − ∆t) + dn2(t)

)

. (5)

By repeating the above procedure, Ifbot continuously
expresses emotions on its face.

6 EXPERIMENTS

When we create facial expressions using emotional re-
gions, we think we can create more emotive faces by
using strong emotional regions rather than weak ones.
We also think that impressions of faces change as the
time step, ∆t, is changed. To test these hypotheses,
we did two experiments. First, in section 6.1, we ver-
ify whether impressions of faces change when we use
emotional regions of different strength (with a fixed
time step). Then, in section 6.2, we examine how the
impressions change when the time step is changed.

6.1 Experiment 1

We created eight facial expressions from all the strong
and weak regions depicted in Fig. 7 and made a ques-
tionnaire using them. Two examples of the expressions
used in the questionnaire are shown in Fig. 10. Fig.
10(a) shows faces created from a strong sad region,
and Fig. 10(b) shows faces created from a weak sad
region. In the questionnaire, we showed eight facial
expressions to respondents in random order. The re-
spondents classified each facial expression into any one
of six basic emotions [16] or no classification. When
they chose one of six basic emotions, they were also
asked about the strength of the emotion. The strength
was rated from 1 to 5 (1, weak; 5, strong). We sur-
veyed 20 people. We used values of ∆t = 100 (ms)
and d = 0.05 for the parameters.

The results of the questionnaires are listed in Ta-
ble 1. An “S” marks the faces from strong regions,
and a “W” marks the faces from weak regions. The
scores are listed on the left of each column, and the
number of respondents who recognized that emotion
are listed on the right. If a face has a high score,
the emotion it expresses is strong, and if many peo-
ple recognized the emotion, the expression has a high
recognition rate. You can see that the scores of strong
regions are higher than those of weak regions. There-
fore, we can change the degree of emotion expressed
by changing the strength of the emotional region used.
We explain each emotion below.

In faces created from anger regions, both the scores
and recognition rates are high, so Ifbot’s angry faces
are recognized easily. When the face from weak re-
gion (Anger (W)) was used, the recognition of dis-
gust increased. This shows that when expressions of
anger are decreased, Ifbot’s facial expressions tend to
be classified as disgust.

The face from the weak happiness region (Happiness
(W)) caused many people to think Ifbot felt disgust,
and its score was high. Ifbot does not open its eyelids
wide in this facial expression. Many respondents clas-
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(a)  Sadness (Created from Strong Region)

(b)  Sadness (Created from Weak Region)

Fig. 10 Facial expressions on questionnaire (sadness).

Table 1 Scores on questionnaire (number of people who recognized each emotion).
Anger Happiness Sadness Surprise Disgust Fear No class

Anger (S) 85 (19) 0 0 0 4 (1) 0 (0)

Anger (W) 71 (16) 0 0 0 16 (4) 0 (0)

Happiness (S) 0 53 (16) 7 (3) 0 0 1 (1) (0)

Happiness (W) 0 28 (10) 2 (1) 0 20 (7) 2 (1) (1)

Sadness (S) 0 4 (1) 69 (16) 0 0 14 (3) (0)

Sadness (W) 0 3 (1) 45 (16) 0 4 (1) 6 (2) (0)

Surprise (S) 1 (1) 4 (2) 0 28 (9) 3 (1) 1 (1) (6)

Surprise (W) 0 3 (2) 0 20 (9) 3 (2) 15 (5) (2)

sified it as disgust because they felt that it lowered its
brows.

No difference was seen between the number of re-
spondents who recognized as sadness the face from
the weak sadness region (Sadness (W)) and the strong
one (Sadness (S)), but their scores are different. This
shows that the face from Sadness (S) expresses sadness
more strongly.

Few people recognized surprise, and many of them
confused it with other emotions. The scores are dif-
ferent between the faces from the strong and weak
regions.

6.2 Experiment 2

If different impressions of emotions are caused by
changing the speed of facial changes, we should be
able to change the degree of emotions. We created fa-
cial expressions by changing the time step, ∆t, in the
four emotional regions, but using the same lines. The
speeds of facial changes are listed in Table 2. In the
questionnaire, we showed two facial expressions that
changed fast and slow to respondents. The respon-
dents chose the one that expressed the corresponding
emotion more strongly. We told them the emotions
that corresponded to each facial expression in advance.
We surveyed 15 people. Four examples of the expres-

Table 2 Speed condition.
Condition ∆t(ms) d

Fast 100 0.05

Slow 200 0.05

Table 3 Result of questionnaire in experiment 2
Facial data Fast Slow

Anger A 12 3

Anger B 11 4

Anger C 11 4

Happiness A 8 7

Happiness B 12 3

Happiness C 13 2

Sadness A 4 11

Sadness B 4 11

Sadness C 2 13

Surprise A 11 4

Surprise B 11 4

Surprise C 12 3

sions used in the questionnaire are shown in Fig. 11.

The results of the questionnaire are listed in Table
3. The number of people who recognized each emotion
when it was changed quickly and slowly is given for
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Anger A

Happiness A

Surprise A

Sadness A

Fig. 11 Facial data for questionnaire.

each facial expression.
For the angry and surprised faces, fast changes were

evaluated as expressing the emotion more strongly
than slow changes. For happiness, we cannot see
a clear difference with Happiness A, but faces that
changed quickly, Happiness B and Happiness C, were
evaluated as expressing the emotion more strongly.
For anger, happiness, and surprise, when respondents
think Ifbot feels high, that is, the speed of expressions
is faster, the strength of the emotion increases.

On the other hand, for sadness, faces that changed
slowly were evaluated as expressing the emotion more
strongly. When Ifbot expresses sadness, a slow change
makes a strong impression.

These results indicate that Ifbot can change the de-
gree of emotions by changing the speed of facial ex-
pressions.

7 CONCLUSION

We attempted to extract the characteristics of Ifbot’s
facial expressions by mapping them to its emotional
space using a five-layer perceptron. Then, we evalu-
ated the emotional space using people’s opinions, and

created its emotional regions. We developed a method
of generating faces using the emotional regions.

We experimentally showed that people’s impres-
sions change depending on the strength of the emo-
tional regions. We also showed that the speed of ex-
pression changes can change the strength of the per-
ceived emotion. We created facial expressions cor-
responding to Ifbot’s internal emotions taking the
strength of the emotions expressed into account us-
ing the method of generating faces from the emotional
regions. An emotion continuing for a long time can
be expressed, and facial expressions can be changed
smoothly as emotions change. Generality is not guar-
anteed because we evaluated only Ifbot’s expressions.
However, we hope this research can help the develop-
ment of expression of emotions for future robots.
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