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Abstract

In this study, we find features of 3 emotions (Happiness, Angry, Surprise) as the fundamental research of emotion recognition.
Speech signal with emotion has several elements. That is, voice quality, pitch, formant, speech speed, etc. Until now, most
researchers have used the change of pitch or Short-time average power envelope or Mel based speech power coefficients. Of
course, pitch is very efficient and informative feature. Thus we used it in this study. As pitch is very sensitive to a delicate
emotion, it changes easily whenever a man is at different emotional state. Therefore, we can find the pitch is changed steeply or
changed with gentle slope or not changed. And, this paper extracts formant features from speech signal with emotion. Each
vowels show that each formant has similar position without big difference. Based on this fact, in the pleasure case, we extract
features of laughter. And, with that, we separate laughing for easy work. Also, we find those for the angry and surprise.
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.1 . Introduction

Recently, human being's technology has reached to a
walking robot, a speaking robot etc. But, we shouldn't stop at
this stage. If a machine can understand somebody's emotion, it
can help him or her in several ‘ways. Human being has a lot
of emotions. That is, anger, happiness, sorrow, surprise,
normal, gloominess, etc. From these, we select the most
recognized emotions- Anger, happiness, surprise-. The reason
of this selection is showed from Frank Dellaert's paper [2].
According to the paper, recognition error rate of anger is 1%.
that of happy is 3%. that of sadness is 5%, etc. And we'll
extract features of those. Thereafter, Based on that result, we
do comparison about each emotion features. Generally, there
are (1) words for conversation (2) Tone (3) Pitch (4) Formant
Frequency (5) Speech speed, etc as the element for emotional
recognition from speech signal. For human, it is natural that
tone, words, speed, voice quality is easier elements rather than
frequency to perceive other's feeling. Therefore, the former
things are important elements for classifying feelings. And,
already established methods mainly used the former things,
but using formant is good for implementing as machine. Thus,
our final goal of this research is implementing an emotional
recognition system using pitch, formant, speech speed, etc
from speech signal. A paper Detecting data which represent
emotion features from the speech signal showed speech speed

This work was supported by grant No. N09-A08-4301-05
(Development of the Key Technology for Autonomous
Family Machine) from the project of Developing SIC(Super
Intelligence Chip) and its Applications under the program of
Next generation technologies. in 2000 of Ministry of
Commerce, Industry and Energy.

122

doesn't work at classification of emotions [1]. As another way
of representing the time-varying signal characteristics of
speech is via a parameterization of the spectral activity based
on the model of speech production. Because the human vocal
tract is like a tube, or concatenation of tubes, of varying
cross-sectional area that is excited either at one end or at a
point along the tube (corresponding to turbulent air at a
constriction), acoustic theory tells us that the transfer function
of energy from the excitation source to the output can be
described in terms of the natural frequenci

Il. Setting

At first, we made 10 people speak 10 given scripts with
one's emotions. And wave format is set to 22.05Khz, 16bit,
mono. for analysis, we used a program 'Praat’ made by Dr.
Paul Boersma. And, we should decide a segmentation method.
From waveform, we look the magnitude in 0.15s interval.
Then , obtain average in that interval. At that time, if average
is below 0.02 (wave form is bounded +,-0.5) for several
frames , it is defined as a segmentation point. Once the start
point and end point of an utterance have been determined, we
should estimate the pitch contour and the formant.

2.1. Analysis method

First of all, we take the segmentation process (explained
that process before in briefly). Then, get the pitch slope at
0.05seccond intervals. So we can decide by the slope[6] and
several rules representing the emotional features which
emotion is conveyed.
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III. The features of emotions

At this time, we treat 3 emotions (angry, happiness,
surprise). When a man gets angry, the pitch contour of his
speech is steeper than that of normal state. And, In his state,
he will shout mostly. Then, his mouth cavity, tongue and
nasal cavity are constricted or extended. The results will affect
the frequency of sound. As it is, formant depends on it
directly. For example, if mouth cavity is constricted, F1 will
be lower than that of the normal state [3]. According to these
points, analyzing the features of emotions is performed.

3.1. Happiness

When a human gets happy, he or she laughs on saying
loudly. Also, it can be done without laughing. But, Most
peoples saying and laughing are used together. So, our
research is focused on finding the features of laughing. The
sort of laughing is various and isnt defined as a specific
vowel. So it is difficult to find a laughing word in the signal
form. At first, Fig. 1 shows the position of vowels in F1, F2
(F1: 1st Formant, F2: 2nd Formant).
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Fig. 1. F1, F2 position for some vowels

Vowels which are shown in Fig 1 are things generated
when human laughs. And, voice signal has other elements in
addition to presented formant. But, because F1 and F2
dominate the signal correspond to a vowel, we treat mainly
F1 and F2. And in the above figure, the bound of each vowel
is made to a tolerance of about 70~90Hz. Laughing has
several sort. So, in briefly, we classify into 2 types. A broad
laugh and A foxy laugh.

3.1.1. A broad laugh

At first, example for a broad laugh is Ha Ha Ha Ha , eu
Heo Heo Heo etc. this sort of laugh shows explicitly pitch
features.

Fig. 2 represents laugh ha ha ha ha which was performed
by a 27 years old man. Circles show how pitch of each
syllable changes. Fig. 3 also shows similar contour(Fig. 3
represents heu hae hae hae hae by a 40 years old man).

Fig. 3. Broad laugh heu hae hae hae hae

And, as another important feature, there are F1 and F2.
Then, from above two figures, we can see F1, F2 keep at a
fixed level. And, through the comparison of F1, F2 of Fig. 1
and those of Fig. 2 and 3, we can know formant of Fig. 2 is
near to a vowel ha , and formant of Fig. 3 is between hae
and heo . That is, it shows that we can know inversely
which vowel pronounced.

3.1.2. A foxy laugh

Another laugh is classified by a foxy laugh in this paper.
This is not split by syllable differently to a broad laugh. Of
course, this sort of laugh also shows F1, F2 corresponded to
vowel in Fig. 1. The feature of this laugh is ceaseless pitch
contour. Besides, it is bounded in interval about 100Hz.. and,
because a man is in excited state, his tone is high ( from
350Hz to 500Hz). Fig. 4 shows features which stated in the
above sentences (Fig. 4 hee hee hee hee hae hae hae by a
40 years old man). And, frames of Fig. 4 are shown as the
standard for segmentation (lines in the upper window) and for
foxy laugh (lines in the lower window). Also, Most of foxy
laughs show Pitch over 370Hz
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Fig. 4. Foxy laugh hee hee hee hee hae hae hae

3.2. Angry

We focus on the change of formant in this emotion. Of
course, we dont exclude the pitch contour. It is always
important element in the emotion recognition. Angry is also
classified into 3 types. Question type, Shout type,
Explanation-type. And, if anybody gets angry, then he/she will
be excited and say with exaggerated gesture. At that time,
physical change makes sound different to that of normal state.
Fig. 5 shows A-type vowels have different F1, F2 to B-type
vowels. The more tongue is distant from palate in case of
A-type vowels, the higher F1 gets, the lower F2 gets. And,
The more pharyngeal gets far from the glottis in case of
B-type vowels, the lower F1 gets. The more anyones lips
purse up, the more F2 contracts.

At that time, this truth can be used when we extract the
feature of angry state. For example, Mol is pronounced in
Fig. 6. A-type is pronounced normally, B-type is pronounced
in the angry state. It shows that saying in the angry state has
changed F1 and F2.
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Fig. 5. Formants for some vowels
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Fig. 6. Change of formants by physical change.

3.2.1 Question type

This type is shown often when people get angry. In this
case, end segment of sentence is steeply risen. Of course,
though pitch contour of normal state was such form. that of
the angry state shows much steeper pitch contour than the
normal state. Scripts of Table 1 represent when anyone gets
angry in question type and when anyone gets any question.
From above Table, we can see that each state is different
explicitly. And, pitch contour before showing this pattern has
low value and not sudden changes.

Script Difference
olAl &l HeA Uk 135Hz
(I-Jae Noon-¢ Bae-Neun-Ge Up-Nya)
W 2R A- B ARAE L]
Angry (Nae-Ga Gue-Rer-Ke...Han Sa-Ram-In-Jool Al-A) 128Hz
U7l 2 e ges mEol L6t
(Ni-Ga Mol AnDaGo Ham-BuRo Tu dul Uh)
017wl 2(I-Gu Ul-Ma-E-Yo) 51Hz
o)A oju) &(I-Gu-Ur-Tae-Yo) 11Hz
Nomal Heta sfeoks R 461z
(Mo-Ra-Go Hae-Ya Doe Ji
23 o9 S Aok 33t
(Gue-Rum Ur-Tur-Ke Dae-Neun-Gu-Ya

3.2.2 Explanation-type

Characteristic of this type is composed of long sentence.
So, differently to a short case, this case shows large wave or
shout rarely. Segment term of Fig. 7 is long. From this figure,
Pitch contour represents a speaker emphasizes quasi
-periodically (circles express the stressed point.).
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STATE - S}

Fig. 7. Pitch contour for explanation-type

3.2.3 Shout type

This type shows a typical short sentence. And, because
people shout shortly, this type gives us a simple pitch contour
with formant changed. As explained in Fig 6, Angry ?Physical
change ? Formant changed. That is, the more lips opened, the
higher F1 and the more pharyngeal gets far from the glottis in
case of B-type vowels, the lower F1. Also, Pitch contour of
shout type have the falling form or mountain form (rising
shortly and falling down instantly).

Al

Fig. 8. Pitch contour for Shout type
Fig. 8. shows Ya, I-Za-Sic-A , first segment represents "Ya"
shouted by speaker.

Fig. 9 shows "Zerck-Ur-Do..", an arrow of first segment
represents a stressed syllable.

3.3. Surprise

When the surprise occurred, peoples linguistic central
nerves are paralyzed. So most people cant speak any
sentences. But, after an instant, people can say as a response
for any cause of surprise. Anyway, in this paper, we regard
the surprise as a scream. As we find the characteristic of a
scream, it is similar to that of a shout type in the pitch
aspect. There is, As a same feature, falling down pitch
contour. But, there is a different thing. Pitch contour of a
shout type shows any vowel but, that of a surprise doesnt
show explicit vowel (F1,F2). And, the feature of another
scream represents N-type pitch contour. N-type pitch contour
literally represents N form. N-type is often observed from
ladies scream.

= — R —

Fig. 10. Pitch contour for N type (surprise)

IV. Conclusion

First of all, we should assume that preprocess is completed.
Preprocess is the classification of sex and the acquisition of
reference pitch and F1/F2 for an object. Thereafter,
segmentation process ?computation of slopes for pitch? check
FI, F2 value? classification based on acquired data. In this
paper, we extracted features of 3-emotions. These have been
overlooked until now, but extraction of features from emotions
is very important and should not be missed. So, we found
features of typical emotions. But, features which we found are
insufficient and in parts. Of course. this parts cover many
aspects of each emotions. In future, we will simulate our
emotion recognition system with these features.
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