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Expressing emotions is a very important feature of Visual Speech Synthesis systems. In 1972 the first “basic emotions” list was intro-
duced, by Paul Ekman. Since then few different classifications were published. Most famous “basic emotion” models are briefly de-
scribed in this paper. In previous publication new Visual Speech Synthesis system for Polish was presented. The system was based on
Xface toolkit and “Karol” face model. The aim of this paper is to add “basic emotion” model, according to Paul Ekman’s classification,
into “Karol” face model. To achieve this goal new emotional keyframes were proposed. This new functionality of “Karol” face model,
allows to generate talking human face animations, which express emotions. The subjective test of new functionality are also included
in the paper. The results showed that more information about speakers emotions is read from human face expression than form human
speech signal. People can more easily recognize speakers emotion when they see his face expression.
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Introduction

In previous papers [HYPERLINK \l „Art101” 1 ] a new
Visual Speech Synthesis (VSS) system for Polish was pre-
sented. The aim of this system was to generate human talk-
ing face animations according to phoneme transcription of
speech signal. The FaceGen 2] application helped to create
a new 3D face model called “Karol”.. The face mesh itself
does not allow any control of the movement. Therefore
muscles, on a mesh for the MPEG-4 FAP [HYPERLINK
\l „Pan02” 3] (Face Animation Points) movements, were
implemented. “Karol” face supports also another type of
animations – keyframe based animations. The created VSS
system uses Xface framework 4] as a morphing engine. In
this system visemes were used as the keyframes of the ani-
mations. The viseme is a face expression, which corre-
sponds to specific phonemes (it is a graphic representation
of phoneme). Since the phonemes and visemes inventories
are language-specific, new set of visemes for Polish was pro-
posed. Moreover, to achieve the better quality of anima-
tions, this set of face expressions includes also “half visemes”
– less expressive visemes. The tests of the VSS system
showed quite high quality of generated animation. In 5
grade MOS scale (Mean Opinion Score) naturalness gets
3,9 and synchronization - 4,2. . However, the emotions of
the speaker were not expressed. “Karol” face model had the
same expression during all animations.

The emotion and the emotion’s 
classifications

What is an emotion? The answer is not so simple. There is
more than 90 definitions of emotion [HYPERLINK \l
„Rob” 5]. One of them describes the emotion as a feeling
which corresponds to positive or negative affection. James
Russell defined the emotion as an assessment process,
which produces feelings 6]. On the other hand, John
Broadus Watson defined the emotion as a visceral pattern
of reactions [HYPERLINK \l „Hen02” 7]. So many dif-
ferent definitions of emotion make their classification very
confusing. In 1972 Paul Ekman, based on gestures and face
expressions, discovered that there is a set of emotions,
which are universal between cultures and human races.
This group of emotion is classified as basics. His research
was focused on cultures from U.S., Japan, Chile, Argentina
and Brasil. According to Ekman’s classification, basic emo-
tions are: anger, disgust, fear, happiness, sadness and sur-
prise 8]. 

The other scientists Robert Plutchik classified eight
emotions as the basic ones. His classification consists of joy,
trust, fear, surprise, sadness, disgust, anger, anticipation
[HYPERLINK \l „Rob” 5]. Those emotions creates
Plutchik’s “wheel of emotions”. In accordance to his work,
people are born with basic emotions that help survive and
adapt to the world around. The complex “feelings” come

El
ec

tr
on

ic
s 

an
d 

In
fo

rm
at

io
n 

Te
ch

no
lo

gi
es

19

103 Bloch1:Layout 1  2013-09-09  19:14  Page 1



Jakub Bloch

Polish actor – Piotr Fronczewski. The experiment was di-
vided into two parts. The first assignment was to choose
the most suitable emotion based only on human speech
signal. In the second part, the same group of people were
asked to point the most suitable emotion according to
emotional face animation combined with speech signal.
The given set of emotions included the Ekman’s basic emo-
tions and the neutral emotion (means there is no emotion).
The emotion pointed by the most of interviewees, in first
part of the research, is thought to be the correct emotion
for the sentence. This emotion was used to generate the
“emotional” animation for second part of the experiment.
The second survey took place two weeks after the first one.
In this part of examination the same group of people as-
sessed the speakers emotion based on human-talking-face
animation. The animations were generated by VSS system

into being as a mix of basic emotions. The Fig. 1 presents
the “wheel of emotions”. The basic emotions have their
own color. The vertical dimension on the “wheel” corre-
sponds to the intensity of sensation. The similarity of colors
presents the similarity of emotions.

Applying emotions to “Karol” face model

The Xface framework allows for morphing two classes of
keyframes. One class corresponds to visemes second to face
expressions – emotions. Paul Ekman in [9] gave detailed
description of face expressions, which matches to specific
basic emotions. Fig. 2 shows the difference in human’s eye-
brows between “surprise” emotion and “neutral” emotion.
Ekman’s basic emotion classification was chosen to be im-
plemented in “Karol” face model. In order to apply the
emotions into the face model, the new keyframes were cre-
ated in FaceGen application. The frames presents the face
expressions, according to Ekman’s work. The Fig. 3. illus-
trates one of the created emotional keyframes in compari-
son with “fear” face expression. The frames were exported
as VRML (Virtual Reality Modeling Language) files and
applied to face model. 

Test of “Karol’s” emotions

As a test of the new features of “Karol” face model, a two-
part survey was proposed. The group of 30 people partici-
pated in it. The aim of this research was to observe the
influence of face expressions on the emotion recognition
process. Therefore ten short sentences (out of context),
were taken from the J. K. Rowling’s book – “Harry Potter
and the Philosopher’s Stone”. The text was read by famous
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Fig. 2. The difference between humans brows during neutral
(A) and surprise (B) emotion [9].

Fig. 3. (A) Ekman's face expression of fear emotion [9]; (B)
created "Karol" face expression corresponding to fear emo-
tion

Fig. 1. The wheel of emotions [5]
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Fig. 4. The emotion recognition results, based on speech signal and human talking face animation which express the emotion
given in brackets
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using extended “Karol” face model. The phoneme tran-
scriptions of the sentences and emotion identifier were used
as an input data to the VSS system. 

The study showed that assessing the emotions, based
only on the information contained in short speech signal,
is very complex and difficult. Only for five out of ten sen-
tences the difference between most scored and the second-
scored emotion was bigger than 15 %. Moreover for one
of the sentences even three emotions received the highest
score 26,67%. Those emotions were: disgust, fear and sad-
ness. In case, when two or more emotions gained the same
score, one emotion from them was chosen randomly to
generate emotional animation. 

During the second part of the research, new features of
“Karol” face model gave interviewees additional informa-
tion about speakers emotional state. For nine out of ten an-
imations, the emotions, used in generation process, gained
the highest score. In one case, where emotion was not rec-
ognized correctly the difference between highest and sec-
ond scored emotion was less than 15 %. The second score
belonged to emotion used in the animation generation
process. The average of highest scores for emotion recog-
nition based on the speech signal and on the animations
were respectively 52% and 65%. Comparing the results of
two surveys, it was much easier to match the emotion with
the face animation than with speech signal. The face ex-
pression supports the emotion recognition process. The re-
sults of the two surveys are illustrated on Fig. 4.

Conclusion

Expressing the emotions is a very important feature of Vi-
sual Speech Synthesis systems. In this research, by success-
fully applying the Ekman’s basic emotion model, 

a new Emotional VSS was developed. This functionality
allows to read more information about speakers emotional
state. The new feature of VSS system can have plenty of
adaptations. It can be used not only to improve the human-
computer interaction but also in area of modern psychol-
ogy. The emotional human talking face animation can be
used to study people emotional intelligence. Since the
speech signal was the only input data used in this research,
the future work should focus on automatic recognition of
human emotions in it.
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