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152. PROSODY GENERATION SCHEMATIC

Fioure 15.1 shows schema_Lically the elemenis of prosodic generation in TTS fi

matic abstraction to phonetic realization. The input of the prosody module in F; l:?;n[ 5 rlﬂg
parsed text with a phoneme stn"ng. and the output specifies the duration of c;\cgh pho;{emI:
and the pitch contour. One possible output representation of that output prosody is showﬁ i
Figure 15.2 for the sentence The car sar. Up 1o four poinis per phoneme were included i:
this example. Often one point per phoneme is more than sufficient, except for words like
john, where two points are nezded for the phoneme /aof 1o achieve a natural prosody.
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describe the modules of Figure 15.1: the speaking style, Sym-

In the next sections we ' ’ .
ion), duration assignment, and pitch generation ip that

bolic prosody (including pause insert
order, as usually followed by most TTS systems.

15.3. SPEAKING STYLE

Prosody depends not only on the linguistic content of a sentence. Different people generate
different prosody for the same sentence. Even the same person generates a different prosody
depending on his or her mood. The speaking style of the voice in Figure 15.1 can impart an
overall tone to a communication. Examples of such global settings include a low register,
voice quality (falsetto, creaky, breathy, etc.), narrowed pitch range indicating boredom, de-
pression, or controlled anger, as well as more local effects, such as notable excursion of
pitch, higher or lower than surrounding syllables, for a syllable in a word chosen for special
emphasis. Another example of a global effect is a very fast speaking rate that might signal
excitement, while an example of a local effect would be the typical short, extreme rise in
pitch on the last syllable of a yes-no question in American English.

15.3.1. Character

Character, as a determining element in prosody, refers primarily to long-term, stable, extra-
linguistic properties of a speaker, such as membership in a group and individual personality.
It also includes sociosyncratic features such as a speaker’s region and economic status, to
the degree that these influence characteristic speech patterns. In addition, idiosyncratic fea-
tures such as gender, age, speech defects, etc., affect speech, and physical status may also be
a background determiner of prosodic character. Finally, character may sometimes include
temporary conditions such as fatigue, inebriation, talking with mouth full, etc. Since many
of these elements have implications for both the prosodic and voice quality of speech output,
they can be very challenging to model jointly in a TTS system. The current state of the art is
insufficient to convincingly render most combinations of the character features listed above-

15.3.2. Emotion

Temporary emotional conditions such as amusement, anger, contempt, grief, sympathy, sus-

g;c;ozé::; ::Da‘l,:a:l; etff ect on pr(?sody. Ju_st as a film director explains the emotional contexsl
el ity infc ors to mouvate'thelr most convincing performance, SO TTS sys'terrll
unstable properties ormation on the simulated speaker’s state of mind. These ar¢ relanvelg
imagine a speaker ;ﬁ;}meWha‘ independent of character as defined above. That is, one 'couin
any of a number of ;m any combination of social/dialect/gender/age characteristics bemich
as anger, grief, happi otigndl statss t.hat have been found to have prosodic correlates,fsrure
research. A la;ge L:]I:lrl:]is:r’ ztfc'hg':o“o“ in speech is actually an important area f(t)';ecl:s 5
speech. Among these are point (15 -}evel factors go into determining emononaali :is .
feeling or expressing?); s view (can the listener interpret what the speatet o
?); spontaneous vs. symbolic (e.g., acted emotion vs. real feeliné”
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wre-specific vs. universal; basic emotions and ¢
feelings and effects; and strength or intensity of i
conclusions from existing research on emotion in Speech [34]:

o Speakers vary in their ability to express emoti

trolled situations. Ve meaning vocally in con-

o Listeners vary in their ability to recognize and in

terpret emoti "
corded speech. P tions from re

¢ Some emotions are more readily expressed and identified than others
o Similar intensity of two emotions can lead to confusing one with the other.

An addmf)nz.il comphcatlo‘n in expressing 'emolion is that .the phonetic correlates ap-
pear not to be limited to the major prosodic variables (F0, duration, energy) alone. Besides
these, phonetic effects in the voice such as jitter (inter-pitch-period microvariation), or the
mode of excitation may be important [24]. In a formant synthesizer supported by extremely
sophisticated controls [59], and with sufficient data for automatic learning, such voice ef-
fects might be simulated. In a typical time-domain synthesizer (see Chapter 16), the lower-
level phonetic details are not directly accessible, and only FO, duration, and energy are
available.

Some basic emotions that have been studied in speech include:

* Anger, though well studied in the literature, may be too broad a category for
coherent analysis. One could imagine a threatening kind of anger with a
tightly controlled FO, low in the range and near monotone; while a more
overtly expressive type of tantrum could be correlated with a wide, raised
pitch range.

* Joy is generally correlated with increase in pitch and pitch range, with in-
crease in speech rate. Smiling generally raises FO and formant frequencies
and can be well identified by untrained listeners.

* Sadness generally has normal or lower than normal
range, with a slow rate and tempo. It may also be
pronunciation and irregular rhythm.

* Fear is characterized by high pitch in
pronunciation, and irregular voicing (pe
pattern).

pitch realized in a narrow
characterized by slurred

a wide range, variable rate, Precise
rhaps due to disturbed respiratory

154, SYMBOLIC PROSODY

e i of prag-
stact o symbolic prosodic structure s the link between the infinite lm‘;il::s:ﬁt})go, pl;one
u “ Semantic, and syntactic features of an utterance and the relat(lj\ll:lte)’of Figure 15.2 s 8
Taliong, energy, and voice quality. The output of the prosody mO
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Prosody

set of real values of FO over time and real values for phoneme durations, S

ymbOliC 0!
deals with: Prosody

e Breaking the sentence into prosodic phrases, possibly separated by pauses
and

e Assigning labels, such as emphasis, to different syllables or words within
each prosodic phrase.

Words are normally spoken continuously, unless there are specific linguistic reasons
to signal a discontinuity. The term juncture refers to prosodic phrasing—that is, where do
words cohere, and where do prosodic breaks (pauses and/or special pitch movements) occur.
Juncture effects, expressing the degree of cohesion or discontinuity between adjacent words,
are determined by physiology (running out of breath), phonetics, syntax, semantics, and
pragmatics. The primary phonetic means of signaling juncture are:

Parsed text ar}d phone string

Symbolic Prosody

Pauses
Prosodic Phrases

Accent l\

Tone
Tune

J Speaking Style
r

Prosody Attributes

Pitch Range M
Prominence

Declination

v #/

FO Contour Generation
]

v

FO Contour

Figure 15.3 Pitch generation decomposed in symbolic and phonetic proso:
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o Silence insertion. This is discussed in Section 15.4.

e Characteristic pitch movements in the phr
ase-
in Section 15.4.4. phrase-final s

o Lengthening of a few phones in the phrase- ‘o
Section 15.5. 4 final syllable. This is discussed in

o Imegular voice quality such as vocal fry. This is discussed in Chapter 16

yllable. This is discussed

Abstract Prosodic structure or annotation typically specifies all the el i

block of the pitch-generation schematic in Figure 15.3, including acce tements e .
conceptually to heads in standard syntactic structure). The accent types :r: (ClorreSpondmg
smail inventory of tones for American English (e.g., high, low, rising Iate-ﬁssi: ey
The sequence of accent and juncture tones in a given prosodic structu;e may coliric:) oP Edlzi
une-like effects that have some holistic semantic interpretation. While we center :uzlge-
scr.iptio.n in an abstract representation called ToBI, we also describe other alternate represen-
tations in Section 15.4.6. Finally, though in principle the prosody attributes module applies
to all prosody variables, it is mostly used for FO generation in practice, and as such is dis-
cussed in Section 15.6.1.

1541. Pauses

Ina long sentence, speakers normally and naturally pause a number of times. These pauses
have traditionally been thought to correlate with syntactic structure but might more properly
be thought of as markers of information structure [58]. They may also be motivated by
poorty understood stylistic idiosyncrasies of the speaker, or physical constraints. In sponta-
feous speech, there is also the possibility that some pauses serve no linguistic function but
are merely artifacts of hesitation.

ro5g] Ina typical system, the most reliable indicator of pau

th ° unop of abbreviations and special symbols relevant to
¢ remaining punctuation can be reclassified as essentially pros

z:[;?::' commas, exclamation points, parentheses, ellipsis poin 0

pitch ¢ can be taken to correspond to a prosodic phrase boundary an

Movement at its end-point.

ralionlr:hpre(.jicli“g pauses, although you have' to consi

niﬁCa;,[ ; Sf"‘.‘lDle presence or absence of a silence (of

Settin ecision, and its exact duration 18 secondary,

%(_:nd other extraneous factors.

Criticg] nf)l;etgr € many reasonable places to paus
ieh e Th'e g'oal Of‘a‘TTS systgm > lete breakdown of understanding.
o o Jead to ambiguity, misinterpretation. o7 complet | 2o
Ly, most d it mail) incorporates punctuation according

eXactly (1 t decent writing (apart from ¢ ; here it aids interpretation.

¥ this metric: no need to punctuate after every word, just whe

se location is punctuation. After
text normalization (Chapter 14),
odic in nature. This includes
ts, colons, dashes, €tc. Each
can be given a special

der both their occurrence and their du-

ater than 30 ms) is the most sig-

gre
n the current rate

based partially o

e in a long sentence, but a few where it is
hould be to avoid placing pauses anywhere
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748 Prosoy

Therefore, by simply following punctuation in many writing styles, the TTS System will poy
go far wrong.
. Consider the opening passage from Edgar Allan Poe’s classic story The Cg

sk
Amontillado (1846) arranged sentence-by-sentence: o

1. The thousand injuries of Fortunato I had borne as I best could, but when he
ventured upon insult, I vowed revenge.

2. You, who so well know the nature of my soul, will not suppose, however,
that I gave utterance to a threat.

3. At length I would be avenged; this was a point definitively settled—but the
very definitiveness with which it was resolved precluded the idea of risk.

If we place prosodic pauses at all and only the punctuation sites, the result is accept-
able to most listeners, and no definite mistakes occur. Some stretches seem a bit too long,
however. Perhaps the second part of sentence 3 could be broken up as follows:

but the very definitiveness with which it was resolved PAUSE precluded the idea
of risk.

While commas are particularly useful in signaling pause breaks, as seen above, pauses
may be optional following comma-delimited listed words (berries, melons, and cheese),
though the special small pitch rise typical of a minor (nonpause) break is often present.

Cases where placing a boundary in certain locations critically affects interpretation in-
clude tag questions and verb particle constructions (where the verb must not be separated
from its particle), such as:

Why did you hit Joe?
Why did you hit PAUSE Joe?

He distractedly threw out the trash.
(NOT ... threw PAUSE out ...)

He distractedly gazed PAUSE out the window.

(NOT ... out PAUSE the ...)

Supplying junctures at the optimal points sometimes requires deep semantic an:lsy:cl;
provided by the module described in Chapter 14. The need for independent metho v
pause insertion has motivated some researchers to assume that no independent e
natural language analysis is available. The CART discussed in Chapter 4 can b usesnuc_
pause assignment [36]. You can use POS categories of words, punctuation, and a.few

tural measures, such as overall length of a phrase, and length relative to neighbonné predi"'
to construct the classification tree. The decision-tree-based system can have °°“ECS,£ algo
tion of 81% for pauses over test sentences with only 4% false prediction rates- B
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fithm proceeds successively left to right throy
can be used:
s Isthis a sentence bomzda;j\- (marked by Pinctuation) s

o Isthe left word a content word and the right word 4 Junction o rdl?

* What is the function word Lpe of word to the right? ( Certain funciion words
are more likely to signal q break)

gh each pair of Wwords, the foHowing questions

Is either adjacent word aproper name ( capitalized)?

* How many content \wordy have occurreq since the previoys Junction worg
(if> 4 or5 words, q break is more likely)

* Isthere a comma at this location?
o What is the current location in the sentence?
o What is the length of curreny Pproposed major phrase?

These questions summarize the relevant knowledge, which could be formulated in expert-
System rules, and augmented by high-quality syntactic knowledge if available, or trained
statistically from tagged corpora.

154.2, Prosodic Phrases

An end-of-sentence period may trigger an extreme lowering of pitc.h, a comma-terminated
Prosodic phrage may exhibit a small continuation rise at its en-d, signaling more to con?el,
éic. Rules based on these kinds of simple observations are typically found in commercLa
S systems. Certain pitch-range effects over the entire cla.use or u_tte.rancel can fxsls[o :
ssed on Punctuation—for example, the range in a paremhetnc?l restrictive ¢ al;]se' lh[e)x,]id
cally narrower than that of surrounding material, while exclamations may have a heig
fange, or at least higher accent targets throughout. . iy by charactecisiic
. Prosodic Junctures that are clearly signaled by silence (and u.suz g’ [ \z,een oy
Pitch Movement ag well), also called intonational phrases, are require 'enaled byifence
i Usually a¢ bunctuation boundaries. Prosodic junctures that arelnof_;l[gphmses' e
! tather by characteristic pitch movement only, also called plzon?! ogce domarcating faits
2HGer 1o place With certainty and to evaluate. In fast sp eeCh-' b i:[l ckberries.” may dis-
" the Sentence ‘We have blueberries, raspberries, goosel?erl"les‘ amf} :rlemains‘ These loca-
pear, yer d trace of the continuation rise on each ‘berries’ typ lcjao );cal phrases.
1005 woulg then still qualify as minor intonation phrases, or P:";‘;‘Zheg signaling pitch move-
- 1 analyzing Spontaneous speech, Lh: nz;lturz ::scild:;;f;:’" for practical TTS systems is
“ eaker. A further information in a
- user P’eferredogtsep::::icnr gto bSlFi)nd people who depend on gnsafc;fﬁﬁf:sshoum disappear.
“Mputer uSually prefer g fast rate, at which most sentencc-;:d pitch movement, it helps to
0 discuss linguistically significant juncture typ e;reak Indices) [4, 55] is a proposed
®asimppe Standard vocaby lary. ToBI (for Tones and

| ——
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750 Prosody

standard for transcribing symbolic intonation of American English utterances, though it can
be adapted to other languages as well. The Tones part of ToBl is considered in greater detaj]
in Section 15.4.4.

The Break Indices part of ToBI specifies an inventory of numbers expressing the
strength of a prosodic juncture, The Break Indices are marked for any utterance on their own
discrete break index tier (or layer of information}, with the B] notations aligned in time with
a representation of the speech phonetics and pitch track. On the break index tier, the pro-
sodic association of words in an utterance is shown by labeling the end of each word for the
subjective strength of its association with the next word, on a scale from 0 (sirongest per-
ceived conjoining) to 4 (most disjoint), defined as follows:

e 0 for cases of clear phonetic marks of clitic' groups (phrases with appended
reduced function words), e.g., the medial affricate in contractions of did you

ora flap as in got it.
¢ 1 most phrase-medial word boundaries.

e 2 a strong disjuncture marked by a pause or virtual pause, but with no tonal
marks, i.e., a well-formed tune continues across the juncture. OR, a disjunc-
ture that is weaker than expected at what is tonally a clear intermediate or full
intonation phrase boundary.

¢ 3 intermediate intonation phrase boundary, i.e., marked by a single phrase
tone affecting the region from the last pitch accent to the boundary.

¢ 4 full intonation phrase boundary, i.e., marked by a final boundary tone after
the last phrase tone.

For example, a typical fluent utterance of the following sentence: Did you want an ex-
ample? might have a 0 between Did and you, indicating palatalization of the /d j/ sequence
across the boundary between these words. Similarly, the break index value between wan!
and an might again be 0, indicating deletion of /¢/ and subsequent flapping of /n/. The re-
maining break index values would probably be ] between you and want and between an and
example, indicating the presence of a mere word boundary, and 4 at the end of the utterance,
indicating the end of a well-formed intonation phrase. The annotation is thus:

Did-0 you-1 want-0 an-1 example-4?

Without reference to any other knowledge, therefore, a system would place a | after
every word, except where utterance-final punctuation motivates placement of 4. Perhaps
comma boundaries would be marked by 4. Need any more be done? A BI of 0 correlates
with any special phone substitution or modification rules for reduction in clitic groups that 2
'ITS.system may attempt. By marking the location of clitic (close association) phonetic 1&-
duction, such a BI can serve as a trigger for special duration rules that shorten the segments
O'f _the _cliticized word. Whatever syntactic/semantic processing was done to propose the cli-
ticization can serve to trigger assignment of 1. The 2 mark is generally more useful for

'
Pronounced as part of another word, as in ve in ['ve.
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analysis than for speech generation. You may observe tha in the literature on inton ti 3
ation. a

preak is sometimes referred to as an intermediare phrase break. or a minor h break
. o ak H 1 EY . " . - / ras(, r
while a 4 break is sometimes called an intonational phrase break or 3 major /rhlr 25 brem:EI '
* ase ak.

15.4.3. Accent

We should briefly clarify use of terms such as stress and accent. Stress generally refers to an
idealized location in an English word that is a potential site for phonetic prominence effects
such as extruded pitch and/or lengthened duration. This information comes from our stan:
dard lexicon. Thus, the second syllable of the word ¢im-ploy-er is said 10 have the abstract
property of lexical stress. In an actual utterance, if the word as a whole is sufficiently impor-
tant, phonetic highlighting effects are likely to fall on the lexically stressed syllable:

Acme Industries is the biggest employer in the area.

Accent is the signaling of semantic salience by phonetic means. In American English,
accent is typically realized via extruded pitch (higher or lower than the general trend) and
possibly extended phone duration. Although lexical stress as noted in dictionaries is strictly
an abstract property, these accent-signaling phonetic effects are usually strongest on the
lexically stressed syllable of the word that is singled out for accentuation (e.g., employer).

In the sentence above, the word employer is not specially focused or contrasted. but it
is an important word in the utterance, so its lexically stressed syllable typically receives a
prosodic accent (via pitch/duration phonetic mechanisms), along with the other syllablesl in
boldface. In cases of special emphasis or contrast, the lexically specified preferred location
of stress in a word may be overridden in utterance accent placement:

1didn’t say employer, I said employee.
with the secondary stress

It is also possible to override the primary stress of a word
d ; Id say Massachuselts, we

where a neighboring word is accented. While normally we wou
might say Massachusetts legislature [S1]. .

Let’s consider what n&;ighl make a word accentable in co'mext. A basnclrj.nlj l')ase;:l[ ::;
the use of POS category is to decide accentuation by accenting al_l and only ‘;11:. szcm
words. Such rule is used in the baseline FO generation system of .Sec.non ld5.6.i. unz cC e
Wwords are major open-class categories such as noun. verb: adjective. ahzef:“;dio” e
strong closed-class words such as negatives and some quant!ﬁers: Thus,t t e u.p e kind'
Made up of closed-class categories such as prepositions, CO“JU“?'_‘onsile Cuy el dgnment
?f Stop list for accentuation, analogous to the stop lists used tradluon;l y r;r;n s[;‘on o
Indexing schemes for information retrieval. This works adequately for many SHotS,

accentuation ap-
Sentences, such as “The cat sat on the mat”, where the ¥ ords Zele;:;::niogr dialog context,
Pear in boldface. For more complex sentences, appearing in €o¢

Such an algorithm will imes fail ] .

sometimes fail. . iy v« consider a stightly

How often does the POS class-based stop-list approach fal:zeLE;;cz‘;?erllBM Spoken
More elaborate variant on the theme. A model was created using
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English Corpus (SEC) [3). This includes a variety of text types, including news, academic
lectures, commentary, and magazine articles. Each word in the corpus has a POS tag auto-
matically assigned by an independent process. The model predicts the probability of » word
of POS having accent status. The probability is computed based on POS class of a sequence
of words in the history in the similar way as n-gram models discussed in Chapter 11. This
simple model performed at or above 90% correct predictions for all text types. As for stress
predictions that were incorrect, we should note that in many cases accents are optional—it is
more a game of avoiding plain wrong predictions than it is of finding optimal ones. Clearly,
however, there are situations that call for greater power than a simple POS-based model can
provide. Even different readings of the exact same text can result in different accents [46].

Consider a simple case where a word or its base form is repeated within a short para-
graph. Such words may have the necessary POS to trigger accentuation, but, since they have
already been mentioned (perhaps with varying morphological inflection), it can sound
strange to highlight them again with accentuation. They are given or ol/d information the
second time around and may be deaccented. For example, the second occurrence of the noun
‘switch’ below is best not accented:

At the corner of the keyboard are two switches.
The top switch is user-defined.

To achieve this, the TTS system can keep a queue of most recently used words or
normalized base forms (if morphological capability is present), and block accentuation when
the next word has been used recently. The queue should be reset periodically, perhaps at
paragraph boundaries [54].

Of course, the surface form of words, even if reduced to a base form or lemma by
morphology, won’t always capture the deeper semantic relations that govern accentuation.
Consider the following fragment extracted from Roger Rosenblatt’s essay:

Kids today are being neglected by the older generation. Adults spend hours
every day on the StairMaster, trying to become the youth they should be attend-
ing to.

A simple content-word-based accentuation algorithm accents the word youth, because

it is a noun. In context, however, it is not optimal to accent youth, because it is co-referent
with the subject of the fragment, which is kids today. Thus it is, by some metrics, old of
given information, and it had better remain unaccented. The surrounding verbs b“_ome’
should, and attending may get extra prominence. The degree to which coreference relano:liv
from surface identity to deep anaphora, can be exploited depends on the power of the
analysis supporting the TTS function.

Other confusions can arise in word accentuation due to English complex 1
where lack of, or location of, an accent may be a lexical (static) rather than 2 syn
dynamic property. Consider:

ominals,
tactic of

Linvited her to my birthday party, but she said she can’t attend any parties until
her grades improve.
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