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1. INTRODUCTICN

One significant disadvantage of synthesised speech is its monotony and lack of expressiveness o
reflect the semantic content of the text and the emotional state of the 'speaker. When used as a
communicalion prosthesis, speach synthesisers need 1o be enhanced wilth additional features to
convey more information about the personality, mood and affect of their users. The solulion of this
problem is restricted by the available conirol parameters of the synthesiser used and by the mited
avallable knowledge on how the emotional fealures of speech can be distinguished and described
using the formalism of convertional speech signal processing methods. Though the first type of
restrictions are only technological and a sultable choice ol a synihesiser with a wide range of
accessible control parameters forms part of the solution, the problem of how to set up and combine
these parameters {0 add emotional characteristics to the speech remains. These paramelers are not
orthogonal and a suilable emotion-dependent combinalion can only be achieved by trdal and error
[1). 1t is only recently that resulls from research work providing descriptions of the basic emotions
in terms of speech technology have been published [1,2). In order 1o facilitate the process of
enhancing the synmhesised speech emolion etfects, two main tasks can be defined:

¢ To verfy and augment, by delailed analysis, the parametric descriplions given In the literature, of
emotions with particular regard lo Iheir future simulation in synthesised speech;

+ To deduce a stralegy for the progressive implementation of emotional teatures at different stages
of the process of speech synihesis making maximal use of the existing voice design and control
parameters of a high quality synthesiser.

2. BASIC STRUCTURE OF A SYSTEM FOR EMOTIONAL SPEECH SYNTHESIS

The process of speech synthesis implemented by a synthesiser consisls of two main stages: analysis
of the input texi string and production of the synthesised speech waveform. Each of these phases
is in tum broken down into a cascaded sel of functional modules which operate on well-defined input
and oulput data structures. A detailed description of each module is given in [3). In this paper the
struclure of the formant synihesiser will be discussed at its highest level with emphasis on the stages
wheare relevant emotional characieristics can be introduced.

Figure 1 illusirates Ihe main functional blocks of such a system. The input tex! is preprocessed to
converl special symbols inlo text suitable for linguistic analysis, and the phonetic transcriplion for
gach word is computed by rules based on a dictionary of morphs. The result is the phonetic notation
of the input text with the lexical stress and syntactic information abouwt the type of the sentence and
the clause boundaries. The DECtalk synthesiser which was used in the project is based on this model
and aflows the user 1o have access to the phonelic string for changes and atterations. The text
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analysis block also includes modules tor parsing and semantic analysis which provides extra control
information based on the prosodic leatures and the semantic effects on the pitch contour; these
parameters are used intematly in the speech synihesis phase, bul are not accessible to the user and
thus can not be used to inlroduce emotional features. The delermination of the fundamertal
frequency and the lime duration of the generated speech waveform segments are the basic modules
of the nexi stage. These two paramelers play a significant role in conveying an emolional effect to
the synihesised sentence and when the synthesiser is accessed in phoneme mode they can be
modified according to the implemented emotion.

The infroduced funclional changes resulting in emctional speech generation are shown in Figure 2.
The chosen emction activales a set of appropriaie rules which produces changes in the emotional
feature space. The rules operale on the control parameter in two chronologically distinct phases, ane
operaling on flixed voice parameters, the other ‘operaling on dynamically changing features. The first |
phase consisis of the fnitial settings of the voice design parameters to set up the relevant voice 1
characleristics for the chosen emotion. For the DECtalk this is an inifial string of design voice |
parameters which is seni oul before the text 1o be synthesised. The next phase includes the changes
done and sent together with the phonelic transcription of the tex, which aflect the speech signal
characteristics (i.e. pilch conlour and timing) al phoneme, word and clause levels,

3. DESCRIPTION OF THE VOCAL EMOTION EFFECTS FOR THE FIVE BASIC EMOTIONS

In order 10 introduce emotional changes into the synthesised speech a detalled descrplion of each
emolion tn technical speech terms is needed. The different aspects of emotion effects in human
speech have been discussed in the vocal emotion literature [2.4,5] but it has been almost tolally
separated from Ihe main body of speech analysis literalure. To this end a detailed analysis of recorded
emotional speech by a male speaker has been camied out. The two emotionally free seniences: “This
is nol whal | expected” and “You have asked me thal queslion so many limes" have been read within
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an emotionally different background text which sets up the appropriate emotional state of the
speaker. The recordings were made in a recording studio using a high quality microphone and a CD-
quality DAT recorder; a PC based speech workstation was used for the analysis of the speech signal.
Figure 3 presenis some oscillograms and pitch contours obtained for the five basic emotions: anger,
happiness, sadness, disgust and fear. The results of the analysis are summarised with emphasis on
the features that can be modelled into the synthesised speech. The descriptions of the five basic
emotions are grouped in three main categories: voice quality descriptions, piich coniour alterations,
time domain changes.

3.1 ANGER

Voice quality:

+ increased intensity;

s dynamic changes comesponding to the stressed content words;

+ the voice is breathy, with tense articulation;

+ greater high frequency energy over all the utterance;

« higher first formant frequencies.

Plich contour:

« mid general level of the pitch contour;

e large dynamic range;

« the highest pitch values are on the first content word and for the longer sentence on the
second last content word. In the second case the pitch rises twice and reaches the same
high value;
the highest part of the pitch contour corresponds to the highest intensity;

« strong downward inflection at the end of the sentence;

e sharp downward inflections at phoneme level and a few upward peaks on the stressed
syllables of the content words.

Time characteristics:

+ the speech rate is faster than neutral, but not as fast as for happiness.
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3.2 HAPPINESS
Voice quality:
» increased intensity but not as loud as for anger;
» the articulation precision for the content words is increased,
« the voice sounds breathy and light without tension.
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Pitch contour:

» the average pitch conltour is higher wilh large dynamic range and the highest peak values
{compared 1o the other emotions);

» the general form of the pitch contour has a second upward pant lowards the end of the
sentence which falls down afterwargs:

¢ (he jine of the pitch contour is not smooth. It has sharp small oscillations al the primary
stressed syllables and local downward plich changes which seem to be rhylhmic.

Time characteristics:

+ {he lastest speech rate;

+ the mythmic struclure introduced corresponds to the stressed phonemes occurring at
regular inlervals,

3.3 FEAR

Volce quality:

+ low inlensily with no dynhamic changas over the whole utterance;

» vowels and consonants are more precisely articulated;

+ disturbed respiratory pattern leading to voice irregularity;

+ relatively litlle energy in the lower frequencies.

Pltch contour:

+ (he average pilch contour is slighfly higher than for neutral speech:

» the dynamic range of the pitch contour is wider but not as wide as for anger and happiness;

s ihe content words exhibil changes in pitch contour with upward inflections at the beginning
of each segment and downward al the end; the downward inflection is well pronounced: the
upward pans reach approximately the same peak valuas;

+ at phoneme lgvel the line of the pitch conlour has very small fluclualions up and down from
the main base Bne and imegular downward inflactions,

Time characteristics:

+ the speech rate is slower than for anger and happiness but still faster than for neutral
speech;

= Ihe speech is interrupted by pauses between words forming about one quarer of the
speaking time.

3.4 SADNESS
Volce quality:
« low intensity with no dynamic changes;
« the afticulation precision is decreased.
Pitch contour:
» the average pilich contour is within iha same range as for neutral speech:
» the pilch range is narrow, similar to neutral;
» there are almost no dynamic changes {or very slight, smooth cver ali the ulterance) at word

level;
+ small downward inflections at phoneme level.
Time characteristics:

+ slow speech rate;
+ rhythm with regular pauses.
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3.5 DISGUST
Volce quality:
+ low inlensily with no dynamic changes;
s increased aniculation precision especially with emphasis at siressed coment words;
+ the voice is not breathy.
Phlich contour:
» the average pilch contour is lower than neulral with very wide downward inflections at the
phrase endings;
» noficeable downward pitch inflections at word level matching the words ends;
s for stressed content words the pitch comour goes up at the beginning ol the word:
+ smooth general line.
Time characteristics:
« slow speach rate;
« lamge number of introduced pauses:
* increased phonation time;
« iengthening of the siressed syllables well noticeable at the stressed content words.

4. IMPLEMENTATION OF THE EMOTIONAL CHARACTERISTICS IN SYNTHESISED SPEECH

4.1 Static Settings

As was menlioned above, the infroduction of emolional features to the synthesxsed speech can be
done in two phases: initial settings of the voice design paramelers and dynamic changes inlegraled
with the phoneme string. From the descriplions of the five basic emotions it can be concluded that
for each emolion there is a set of parameters that have specific conlent and remain static within all
the analysed utierances of the group; they convey a significant pant of the emolional effect. These
static features can be implemenied by the inilial string ol the design voice parameters. The
description of each emotion in this case includes the following DECtalk parameters:

4.1.1 Voice quallty: An appropriale voice qualily can be modelled by sublle changes in the head
size, laryngealization, brilliance, smoothness and richness ol the DEClalk design voice parametars.

The head size is a parameter thal strongly changes the quality of the synthesised voice. It atlects the
voice characteristics in a global way. By changing only the head size parameter and keeping the other
parameters constart one can obtain a significantly diferen! voice. The volume of the synihesised
speech changes as well and may cause an inlarnal overload in the amplifiers, which has to be
correcled by changes in the other gain parameters. As & resull a careful use of this parameler can
produce a suilable voice quality for the chosen emotion. For instance reducing the default voice head
size parameter for Paul's neutral voice to a specific value can produce a metallic, unpleasant. louder
voice, which conveys anger.

Smoothness is obtained by a decrease in the voicing energy at higher frequencies opposile (o
briliance which results trom an increase. Brealhiness is the third parameter to be adjusted together
with them lo ottain suitable voice quality.

The overall intensity can be adjusted using the iwo groups of gain paramelers: resonator gains -
connecied with the structure of the synthesiser and a group phonetically affecting the aniculation
which includes: tricalion gain, aspiration gain, voicing gain and nasal gain. Changes in both groups
affect the voice qualily as a whole.
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4.12 PHch Contour. The general form of the pitich contour is affecled by two emolion dependen
consisient factors - the average pitch and the pilch range, which are to be included in the initial
string.

4.1.3 Time Characleristics. The speech rate parameter sels up the initial tempo according to the
implemenied emotion.

When choosing the vatues for the initial string of the voice design parameters it is important to imil
the amount of change introduced by the modelled emotion. If the changes are too lame, the result
may convey a different voice “personality” rather than Introducing emotional features. Another
proparty of the initial voica design parameters is that most of them are within a range of relative
values. The descriptions of the five basic emotions are also presented in relative terms with
relerences 10 each olher and based on emolionally neutral speech which is relevant to the DEClak
unchanged synihelic speech, A maximal use of the synthesiser's fealure space can be achieved il the
combinations for the initial seltings are designed well apan from each other according lo the number
of emolions implemented. For instance i the synthesiser has to model only three basic emalions:
anger, happiness and sadnass, their initial settings may be slightly diferent from the case when they
form part of a set of five or more emotions which are to be distinguished,

4.2 Dynamic Changes
The dynamic changes include the emolional characteristics introguced logether with the phonetic
transcriplion of the text to be synihesised.

421 Voilce quallty, Once sel up according to the emotion, the voice quality does nol vary
significantly during the utterance. The only parameter thal needs to be adjusted in order to augment
the emotional effect is the intensily which lor ANGER and HAPPINESS increases with Lhe first
cortert word, This can be done by inserting a sting with lhe inlensity adjusimenis at the
appropriale place in the phonetic siring.

422 PHch Contour. The dynamic changes in (he pilch contour play an imporiant role in conveying
emotional effects. They afiect the general form for Ihe whole sentence and the fluciualions at word
and phonemic levels {see Figure 3). The pilch conlour generaled by the synihesiser is first skeiched
using synlactic information about the sentence type, clause contour, phrase contour and individual
word contour. Al the lower lavel it is further augmenied by considering the eftect of individual
segments. Two global level “unes™ are assigned depering upon the sentence type: declarative or
yes/no question. The number of giobal level tunes can be augmented to include emotion - dependent
variations. They are further modelled according 10 the clause and phrase contours by adding initial FO
rise and linal FO 1all or continuation rise according to the conterm words and ihe phrase lype.
Emotion dependent adjustmenis can be introduced al this point too. The individual contenl words
within a phrase have most of the FO fluctuation. Emphasising the content words helps
understanding the utterance because \hey are less predictable. From the analysis il was noliced that
the content words are also used by the speaker to enhance and convey emolional eflecis. The FO
fluctuations in each word depend upoen its rank and the number of its syllables, they also can be made
emotion dependent.

The low level of the pilch conlour generator is controlled by a set of “prosodic indicators™ and
reflects the effects of phonemics, lexical siress, and the number of syllables of the words in the
utterance. The algorithm first sels lhe peaks on the lexically stressed syllables. Falls and rises are
then assigned around these peaks. Conlinuation rises are added to the last syllable of most non-
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sentence-final phrases, and sentence-final words are given rises or falls depending upon their tune.
The FO contour is finally completed by specifying the amount of fall on other nonstressed syllables.
The fact that this algorithm is rule based can be used by changing some of the exisling rules and
adding some new ones according 1o the implemented emotional fealures.

423 Time Characieristics. The dynamic changes in the time characleristics include: introducing
pauses between words and clauses appropriate to the rodelled emaotion, modelling the increased
phonation time in some cases and adjusting the rythm characleristics by changing the phonems
lengih. Conlert words with higher accert number for some emotions, DISGUST for instance, need
lengthening 1o emphasise the emotional eflect.

5. CONCLUSION

This paper has summarised the descriplions of the five basic emolions as observed from a detalled
analysis of human emotional speech. These findings have been presented in a form suitable for
implamentalion by a synthesiser, and a stralegy for their gradual integration using the DECtalk
control parameters has been presened.

Further research woulkd obtain a more delailed phonetic description of emotional speech, such as
formant structure changes. Improvements in the quality of emotional synthetic speech would also be
obtained by a better, low leval integration of the emofional changes with the rule-based struciure of
the synthesiser.
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