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ABSTRACT

In this contribution a description is given of the modu-
les developed for implementing Dutch prosody, and
more in particular an autosegmental description of
Dutch intonation in the rule-based Text-to-Speech sy-
stem NIROS: Nijmegen Interactive Rule Oriented
Speech synthesis. Our TTS systeem is completely syn-
tax directed; the synthesizer part is based on a serial
pole-zero (ARMA) structure [9].

In NIROS a multi-layer datastructure [6,12] is used
reflecting the intuitive notion that speech is organized
at serveral levels both segmental and suprasegmental.
By letting rules work on the different layers (datastre-
ams) of this datastructure the input of the synthesizer is
prepared.

Emphasis is given both to the multi-layered datastruc-
ture, and to the two compilers used in NIROS to mani-
pulate data: the FONPARS rule compiler for handling
monolayered datastructures, and the compiler ALF-
EIOS for multilayered data.
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1. INTRODUCTION

The development of NIROS began in 1980. Between
1985 and 1990, the work was part of the Dutch Natio-
nal Research Program “Analysis and Synthesis of
Speech (ASSP)" [15]. Substantial contributions were
also made to (and substantial input was obtained from)
the ESPRIT Project POLYGLOT [16].

Like many other TTS-systems, NIROS is structured as
a sequential modular process. The heart of the system
is the Central Data Structure (CDS), which consists of
a large number of synchronized information streams.
All the information in the CDS will be available to
whatever module is active in the transformation pro-
cess. The modules cannot, however, interact. The gene-
ral structure of NIROS is depicted in Figure 1.

Prosody in NIROS is processed in different subsys-
tems, depending on the type of information needed for
correct processing. Temporal variations which largely
depend on contextual information contained in one
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Figure 1. The general structure of NIROS.

datastream - like consonant shortening occurring in
consonant clusters - are generated with FONPARS.
The use of this compiler at appropriate locations of the
process, where only monolayered information is used,
ensures near real-time processing. However, many as-
pects of prosody are sensitive to information in diffe-
rent layers. This means that rules which are supposed
to generate correct temporal adjustments need to ac-
count for information contained in the tonal tier, the
syllabic tier and the segmental tier.

2. RULE COMPILERS

FONPARS and ALFEIOS are two rule compilers in
NIROS for the translation of tables and rules to pro-
grams written in C, one to handle single-stream repre-
sentations (FONPARS) and one to handle multi-tiered
répresentations (ALFEIOS).

2.1 The FONPARS compiler

FONPARS processes rules which are written in an
SPE-format [2,8]. The input to an SPE-rule is a single-
tiered representation. The formalism is used to alter the
input representation (discussed under a. below) and to
alter default parameter values (discussed under b. be-
low).
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a. Character representation. This rule format equals
the well known SPE-format. A number of conventions
were added in order to give greater power to the for-
malism. The rule syntax is given in (1)

(), A>B/L-—R

The focus of the rule, A, is transformed into B when
adjacent to L on the left and to R on the right. Instead
of the characters A, B, L and R the user can refer to
features, which can be defined by the user. In (2) we
give an example of character insertion in the tone
string. At the beginning of an intonational phrase, (2)
inserts an %L, the initial boundary tone (see 3.2).

(2) $-> %L /(- [+star]

b. Model parameters. In this format type, the structural
change B can be expanded into a number of terms that
represent values for different model parameters for the
pole-zero synthesiser. With the help of this type of
rule, the default values of the model parameters can be
adjusted as a function of the context. An example illu-
strating the rule syntax is given in (3).

(3) A ->>3 FORMI += 100
BANDBR1 := 350
AVAMPL :=50/L R

In (3), the first formant FORMI1 with bandwidth
BANDBRI1 and source amplitude AVAMPL of seg-
ment /A/ is adjusted in the (L, R) context: FORMI is
increased by 100 Hz, while the bandwidth of the first
formany BANDBRI1 is set to 350 Hz and the source
amplitude AVAMPL to 50 dB. This rule format thus
allows the user to flexibly alter the values of formants,
transition durations and source parameters.

In a further extension, FONPARS has also been

adapted to be able to make reference to more than one

type of representation. This was done in order to be

able to calculate F, trajectories, for which reference to

three types of information is required:

(i) a tone string consisting of the pitch accents H*L,
H*LH or L*H, plus boundary tones;

(ii) the phoneme representation;

(iii) the durations of the phonemes.

For the realization of the Fj-contour, a number of
variables and functions were created in order to align
the Fy-contour with the segmental make-up of the utte-
rance. An example of a rule is given in (4)

(4) [-star,+high] ->> 5 T1 := TADB
T2 := OLAPR(TADB,0,TOTIME,TSS)
F1 :=_HIGH
‘F2 =F1
F2 %:= STARTSLOPE / *(--- [+seg]
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Rule (4) is used to determine the timing and F,-values
of initial %H. This boundary tone receives two targets,
whose time locations are T1 and T2. T1 is placed at
the beginning of the intonational Association Domain
AD (coded as TADB) and T2 at a distance of TOTI-
ME from STARTIME. If the time between TADB and
STARTIME is less that TOTIME, the overlap overlap
function OLAPR is called. As a result, T2 will be loca-
ted halfway between TADB and STARTIME.

The output of the intonation module in which
FONPARS is used, consists of the alignment points for
the Fy-targets, and the corresponding T-values, the qua-
druple: (t,,f,,t,.f;). For rules that need to make referen-
ce to multi-tiered representations, the rule compiler
ALFFEIOS is used.

2.2 The ALFEIOS compiler

The multi-level structure consists of a large number of
streams, which can be defined by the user {13]. Each
stream contains specific information about the utteran-
ce. An example of such a representation is given in
Figure 2. The vertical bars indicate locations where the
streams are aligned with one another. Together, these
synchronized streams form the 'grid' [6,7].

DATA:

sentence DECLARATIVE

word : {de man eet L
word.class : |DET ZNE PEV PMK
word.accent : |F T . F F

syllable F A T

phoneme d |& m|a [n|cle |t

foot ;A F F F
phon.duration: |60[55|80]110]70]|35|145|65] 20
ENDDATA

Figuré 2. An example of a GRID. The sentence is De
man eet ('the man is eating')

In general, ALFEIOS allows one to write rules which
refer to the contents of several streams in the CDS. An
example of an ALFEIOS rule is given in (5).

(5) RULE: HLH_in_ syllable
phoneme: .. ~ [<+voc>] -~ .. |
I

syllable: |

intonation: | ["H_*"1 ~ ["L_"] ~ ["H_"]
word: ~

-—>
phon.duration: | [*=130,/=100] |

ENDRULE

This ALFEIOS rule lengthens the duration of a vowel
(stream: phoneme) by 30 percent (stream: phoneme.du-
ration) if an H*LH (see 3.2) pitch accent (stream: info-
nation) is constrained within a single syllable (stream:
syllable). Rule (5) allows more time for the execution
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of the complex high-low-high movement associated
with a monosyllabic H*LH.

3. INTONATION

The flexibility of NIROS allows the implementation of
two different intonation models - one developed at IPO
in Eindhoven, which is based on the concatenation of
pitch movements [S] and the other being the autoseg-
mentel target interpolation model [4].

3.1 The concatenation of pitch movements

The oldest model for the description of Dutch intonati-
on is the so-called IPO-model. In this model a number
of pitch movements is distinguished; the well-formed-
ness of the concatenation is determined by a "grammar
of intonation blocks". All pitch movements are charac-
terized in physical terms (excursion, rate of rise or fall,
start etc), and are superposed on a lower declination
line [14]. Thus the pitch movements determine directly
the F,~contour.

a: duration b: arrival time  ¢: excursion

Figure 3. Graphic representation of the concatenation
model.

A pitch movement is defined by three parameters: du-
ration, arrival-time and excursion (in semitones). In
case of a pitch rise the anchor of the pitch movement
is vowel onset, in case of a pitch fall the anchor is
vowel offset. In Figure 6 the lower declination line is
symbolized by D, a pitch rise by *R and a pitch fall by
*F, F or F%.

3.2 The autosegmental target interpolation model

The autosegmental description of Dutch .intonation is
given in van den Berg et al. [1]. It is based on two
domains, the Association Domain (AD) and the Scaling
Domain (SD), a set of three tone words for pitch ac-
cents (H¥*L, L*H en H*LH) and a number of cate-
* gorical operations thereupon. Both default rules and -if
desired- an interactive choice of tonewords can be used
for assigning tone words to accented syllables.
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F,

Figure 4. Diagram of timing.

Each AD can be provided with a number of attributes
[3]: Accentual Downstep (!),

Accentual Downstep with Spreading (!~),

Tone Deletion (M),

Narration (&) and

Half-completion (#).
The Phrasal Downstep lowers every non-initial Associ-
ation Domain in a Scaling Domain .

The timing of pitch targets (STARTIME) is controlled
by the variables FROMTIME and TOTIME. Together
with the boundary tones (%L, %H, L% en H%) they
determine the timing of the whole Fj-contour (see Fi-
gure 4).

The physical parameters of the Fj-targets are calculated
on the basis of an adapted version of the model descri-
bed by Ladd [1,10]. Five parameters come into play:
FR, N, W, da and dp (FR=reference, N=normalisation,
W=width, da = Accentual Downstep and dp= phrasal
downstep). With these parameters the model calculates
for each tone segment associated with an accented syl-
lable a target F, value (see Figure 5). The parameters
determine the scaling of the tone accents, and remain
unmodified in a Scaling Domain.

H K

- .!H] da 11 ;19 H
v H ' oH
L

Figure 5. Graphic representation of the tone scaling
model.

Fr
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3.3. Implementation

As stated in the introduction, NIROS offers two opti-
ons for determining the Fy-contour: the JPO concatena-
tion method and the target interpolation model. Figure
6 shows the streams which are created for both appro-
aches.

DATA:
word de man eet o
word.accent : |F T T F
phon.duration: |60]|60]/80}105}70|15]190}95/20
ENDDATA
Pitch movement concatenation:
phoneme dle m|a |n|c]e [t |".®
prosody N
phi_phrase F
intonation : |D |*_ R|F |*_F|D|F_%
pros.onset s [115
pros.offset : |90
int.size : |0 7 3 4 0]7
int.duration : |0 120|0 90 |0120
int.arr_time : |0 50 |0 50 |0]|60
Target interpolation model:
phoneme d |&lm |Aln e | e .
domain : |SD EP
domain.sd A ne
domain.ad o nn
intonation _ |H_*|n_ |H_*{ L_

after adapted Ladd-model:
intonation : |1 B j1 B, j1 |p |_
domain.onset: [108 9
int.dt : 110 {100 }{100]100;90 {80 {115
int.dfo0 : |-11 |66 -59159 |-84|-10|0
int.startime: |0 -10 |0 -30]|0 0 0

Figure 6. Examples of grids in NIROS, used for two
approaches of intonation.

Using the pitch concatenation model the F, values are
derived from the streams ‘int.size, int.duration and
int.arr_time'.

The target interpolation model comprises two stages:
(1) the assignment of tone words (for instance H*L) to
the stream ‘infonation' with possible attributes and (2)
the calculation of the trajects, as determined by the
scaling parameters of the adapted Ladd-model; the re-
sults being stored in the streams ‘int.dt, int.df0, and
int.startime’. In subsequent stages the Fy-values and
timing can be modified with multi-stream ALFEIOS
rules.
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