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Abstract. We present a study of the prosody — seen in a broader sense — that
supports the theory of the interrelationship function of speech. “Pure emotions”
are meant to show a relationship of the speaker with the general context. The

analysis goes beyond the basic prosody, as related to pitch trajectory; namely,
the analysis also aims to determine the change in higher formants. The x

discussed, including a discussion of the li
tools. Some conclusions are drawn.

speaker.
environment.

y present in this section several
d KQ- databases, for the languages Greek [3],
\% . Numerous other databases, for other

NN




There is no general agreement on the classification of emotions. According to [3],
emotions are classified in “basic” emotions, with different intensity levels, and in
“non-basic” emotions (the “mixed” emotions). Without entering details, we chose
four “basic” emotions for our analysis, happiness, anger, sadness, and neutral tone. At
least some of these emotions (furry/anger and joy/happiness) are known to be
produced at the level of the limbic system; this means that they are “elementary”
emotions, not states of the mind produced together by several mind processes
occurring in various sites of the brain.

The creation of an emotional database requires a number of speakers who simulate
the emotions in different contexts [2]. A different set of subjects (the evaluators)
listen to the recordings and seek to identify the emotion that the speaker has tried to
simulate. The experimental analysis of Buluti, Narayanan and Syrdal [1] showed that
the emotion’s recognition is not perfect for emotions:like sorrow, sadness, joy, and
the neutral tone. The recognition rate was 92% for.the neutral tone, 89% for sorrow,
89.7% for sadness, and 67.3% for happiness.Fhe,tecordings have been made by
actors, in most cases, or by persons with professtonal Wvbices [12].

The recordings for the Greek databage reported in [3] were made by actors in a
professional studio. The goal of that“research-awas to improve the naturalness of
synthesized voice. The recordings wete xmadein three different contexts, namely i) in
order to reflect the reaction of the speakerto @ concrete stimufhis.(authentic emotion);
ii) preparing the environment in orderto-help psychologically.thé speaker to simulate;
the indicated emotion; iii) simulating\the;emotions onky\by:d imagining a confext;*The
study was oriented towards the evaluatlon of the s1mulated emotional states by free
answers (86.9%) and false answers (89.6%). 9

The German emotionalddtabase [6] contains SlX basw emotions: anger; happmess
fear, sadness, disgust;-boredom-and neutral toné._The recordings have beenyealized
by professional actors{ The-validation commission-fecognized 80% of the simulated
emotional states,The database contains fifes with sentences and.wordsythe results of
the perception ‘tgsts,”and<the results of ; measurlng the fundamenta,l frequency, the
energy, the duiration; the? intensity, and-the thythm. g

The Danish:database [5] containg recordlngs of two Words,L nine sentences and two
fragments. of fluent,Speech, simulating happlness Surprise,_ sadness anger and neutral
tone, spelled by professional aéters: The emotional statestwere recorded in a theatre
room Wwith an excellent acoustic. The emotions were cotxectly recognized in 67% of
thé_cases.\The happiness stage:was-mostly confdsed with surprise; the sadness state
Was confused with the neutraltone; 75% of:the peopler listening to the recordings said
that it wés difficulf 16 1dent1fy the recorded>emofions. Each voice recording has
attached video information, The database @lsowContains information about the profile
of the speakers. To increase the consisténcy of the assessment of the emotion in the
speech, the researchers used a questionnaire for the assessing persons; questions such
as “how the emotions identification seems Jike”, “what are the factors which bring to
the correct identification of the emofions.y*etc. help fine-tuning the assessment.

The Spanish database [4] eontains<tecordings with seven emotions: happiness,
desire, fear, fury, surprise, sadnessyand disgust; eight actors have pronounced the
sentences. Every speaker recorded the every sentence for three times, with various
levels of intensity of tHe‘dmations. "The validation of the recorded emotions was made
by a test based on thecquestions: “mark the emotion which was recognized in each
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recording”, “mark the credibility level of the speaker”, and “specify if the emotional
state was recognized and at what level”. The goal of the study was to describe a useful
methodology in the validation of the simulated emotional states. The quoted
researchers derived a set of rules describing the behavior of the main parameters of
the emotional speech, in view of synthesizing emotional speech. The analyzed
parameters are the fundamental frequency trajectory, time, and rhythm. They obtained
the following characteristics of the emotional modulation [4]: i) for the joy state:
“increase of the average tone, increase of thé\variability of the tone, quick
modulations of the tone, [...] stable intensity, decrease [of] the silence time; [...]”; ii)
for fury state: “variation of the emotional intenatign structure, short number of
pauses, increase of the intensity from beginning 1#ll the end, variation of timber,
increase of the energy; [...]”; iii) sadness state: “decrease of the average tone,
decrease of the varlablhty of the tone{\no mﬂemons of the4ntonation, decrease of the
average intensity.” \ : y

The above-quoted analysis leaves:thanyinanswered questlons on the variation6f’)
objective parameters, like formantsy( fronl one emotiof\fovanodther. In the research’
reported here, we specifically-address®the charactefizationof emotions(using the
objective parameters for the statés Feported in [4]. We also \contrast the characfenistics
of the voice for the above €meuons with the normal (1.e no emotiomn) speech. The
comparison of our results Wlfh the results reported in [4] may help 1dent1fy inter-
language variations for:the emotlonal speech. R

3 Methodology, Daiebase, and Ahalysis Tools (3

We plagea high emf)hasis on the methqgielogy of acquiring and analyzing emotional
speech; this\justifies the length of thisisection. Inithe fir§t OPT’EICG, while we value the
use ofdramatic actors foyproduce emotional speechyswe argue that speech by
“normal’™people should be thevpiinmary focus of asseund research in the field, if it
were_ tQ tham resultsfOreveryday applications.‘The database contains short
sentences or phrasés fragments with diffefent-emétional states. We recall that the
emotiofis investigated are sadness, joy, fufy aid Jteutral tone. The files are classified
in class A (feminine voiceé) and class>B (mascuhne voice). The speakers are persons
aged between 25-35 years, born and educated)(higher education) in the middle area of
Moldova (Romania), without manifestedpathologies. The recordings use a sampling
frequency of 22050 Hz, 24 bits: Every “speaker pronounced the sentence for three
times, following the recording protocol. The persons have been previously informed
about the objective of the prOJecL and they signed an informed consent in accordance
with to the Protection. of ‘Humam Subjects Protocol of the U.S. Food and Drug
Administration and with: Ethlcal Principles of the Acoustical Society of America.

The database contains two” types of protocols, namely the recording technical
protocol and the recordmg documentation one. The recording protocol contains
information about“ thexnoise, the microphone used, the soundboard etc. The
documentation protoco}+contains information on the speaker’s profile — linguistic,
ethnic, medical, e'@ucatit)nal, and professional information; for details, see [10].




The sentences are: 1. Vine mama. (Mother is coming) 2. Cine a facut asta. (Who
did that?) 3. Ai venit iar la mine. (You came back to me) 4. Aseard. (Yesterday
evening). The consistency of the emotional content in the speech recordings has been
verified by the evaluators; the emotion confusion matrix has proved that all emotions
are identified with a rate of more than 67% by the evaluators.

Today, there is no standard model for the emotional annotation process [13]. The
sentences have been annotated using the Praat™ software (www.praat.org) at several
levels: phoneme, syllable, word, and sentence. In this paper, the analysis refers only
to the sentences “Aseard” and “Vine mama”, as prono ince by eight persons, three
times each, i.e., a total of 192 recordings. The values of-the ants were determined

using four tools: Praat™, Klatt analyzer™ (w 2 Gl .és.cmu.edu/comp.speech/
Section5/Synth/klatt.kpe80.html), GoldWave™ ' and Wasp™
(www.wasp.dk). Every tool produces a va formant. We compared the

obtained values for the emotional states. ¢ out of four values are
increased, the conclusion is that the value i ase. Where there
clear discrepancies between subjects or bétwee ingd with. different tools,
&:‘ " of 1l ¢ a{b\

fluctuant. There are cases when the t (e \ etermi %
formant (see the table 1). %
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We have been confronted with ve,n;« lems in the determination of the
formants, namely with large disag »@*\&,‘3 between values provided by different
applications. According to Klatt Anal \:‘“ )

Notice that, sometimes, it is diffie
spectrograms using the

o determine visually the formants in the
! The difficulties are largely due to the
pitch and of the formants, especially for non-
ehavior of the phonatory organ, which is well
re as well as in the recent info-linguistic literature,
ficance of the parameters defined in the frame of the
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The differences in the results obtained with various tools reflect the theoretical
limits of the formant parameters, as well as the capabilities of the various
approximation methods used in the tools. These inconsistencies are one reason why
the results we report should be considered preliminary, although we made every effort
to obtain the results according to the best present knowledge.

With respect to other voice databases, we are insisting on some methodological
aspects, namely the using of “natural voices”, i.e. non-artist speakers which show
“everyday emotions”, and the use of inter-validated tools to determinate the formants
and intra-validated (per speaker) emotional utterance.

% Manifest Emotions

The main results obtained in the
we obtained, based on the res

of this Section. In the tables, -
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happiness compared with s
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For the utte seara”’, the obtained values for the FO, F1, F2 formants of the
diphthong “ea” persons increase in the happiness compared with sadness

state; the valu r 1, F2 formants of the first vowel “a” and for the F2 formant
of the lax in the word “aseara” increase too (see table 2).



Table 3. The tendency for the FO, F1, F2 formants for the seven persons, for fury and sadness
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Notice in table 5, that thexebtamed values for the FO formant of the vowels “e” in
the word “vine”, the first 1yand the last “a” (a2) in the word “mama”, increase
in the happiness state ¢ ith sadness state, for all the persons.

he FO, F1, and F2 formants in the couple (happiness;
in both situations, but the increasing tendency is more
the sentence “Vine mama”. The values for the FO formant
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increase for all subjects, while for the sentence “Aseard” there is a subject not
obeying the rule (see tables 2 and 5).

e In the couple (happiness; neutral tone), the fluctuations of the values for the
formants are similar for the “Asearad” and “Vine mama” sentences.

¢ In the couple (fury; sadness), the obtained results in the case of “Vine mama” are
more fluctuant compared with the results for the sentence “Aseara”.

¢ In the couple (fury; neutral tone), the obtained results in the case of “Aseard” are

more fluctuant compared with the results for the sentence “Vine mama”.

Table 5. The tendencies for the FO, F1, F2 formants forthe six persons, for happiness and fury
versus for happiness and sadness x&
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information than the non-accented vowels; rather, the opposite is true. This
conclusion is a departure from findings by other authors, for different languages. We
need to further analyze this issue to determine its validity for a larger number of
sentences and subjects. We also found that some higher formants, F1 and F2, in both
accented and non-accented vowels, are also essential in conveying emotional
information, at least from the perspective of the voice personality of some speakers.

Regarding the available speech analysis tools, we conclude that no tool provides
irrefutable results. While we used four tools and compared the results, no one is
significantly better than the others are. We have indicated a methodology to choose a
stable section of the vowels for the analysis, to improve consistency in measurements,
but even using this methodology, the lack of good formant extractors restricts today
possibilities of obtaining high confidence in the results.
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