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ABSTRACT

The present study adopts a quan-
titative model originally developed for
Japanese to analyze and resynthesize
Fy contours of German utterances. In
order to test the descriptive capacity
of the model, a production experiment
dealing with the realization of state-
ment, question and non-terminal in-
tonation was performed. Based on
the analysis results of this experiment,
synthetic stinuli for a perception ex-
periment were produced. We exam-
ed which of the model parameters
are most important for the classifica-
tion of the seutence mode and found
that the accent command offset time
T2 largely determines whether an ut-
terance is perceived as statement or un-
finished, whereas unfinished and ques-
tion intonation are distinguished by the
accent amplitude.

1. INTRODUCTION

Research on the prosodic features
of a language and their relationship
with the underlying linguistic and para-
linguistic information is important to
improve speech analysis and synthesis
as well as forcign language teaching [1].
An_early experiment {2] by Isaéenko
and Schadlich showed that in the case
of German most syntactic and seman-
tic functions can be realized by ma-
nipulating the fundamental frequency
(Fo) contour. In the present paper,
we will use the term ‘Intonation’ for
the prosodic feature expressed by the
Fy contour, being aware of the fact that
duration and intensity also play impor-
tant roles.

2. THE APPROACH
ADOPTED IN THE
PRESENT STUDY

During recent years much effort has
been made to describe the features of
German intonation, and to formulate

“prototypal” patterns for various sen-
tence types and structures [3].

The present study applies the model
by Fujisaki [4] in order to produce a
quantitative description of the F; con-
tour. The model has originally been
developed for Japanese and has since
been extended to other languages. It
produces an arbitrary Fy contour by su-
perimposing global (phrase) and f,ocal
(accent) components. Hence there are
two kinds of input signals to the sys-
tem: impulses (phrase commands) and
stepwise functions (accent commands).
These are derived by fitting the syn-
thetic Fy contour to the natural one.

We will try to relate the valucs de-
rived for these input functions to lin-
guistic units. Figure 1 shows a block
diagram of the modecl.

3. SPEECH MATERIAL AND
METHOD OF ANALYSIS

The speech material consists of ut-
terances of the short sentence with
declarative word order “Sie haben den
\Vageu clichen.”— “They rented the
car”. he sentence was uttered ei-
ther in statement or question into-
nation with a narrow focus on one
of the constituents ‘sie’, ‘Wagen' or
‘gelichen’.  We selected an additional
sentence where prominence is actually
l)laced on a second clause added (“Sie
1aben_den Wagen gelichen und sind
TATSACHLICH gefahren” — “They
rented the car and ACTUALLY drove
away.”) to examine the realization of
non-terminal intonation. The expres-
sion ‘non-terminal intonation’ necds
some explanation.

The final intonation pattern cho-
sen for the first clause of a statement
consisting of two clauses connected by
‘und’ depends on the degree of relat-
edness between clauses [5]).  In the
unmarked case where the contents of
Clause 2 is based in some way on the

ICPhS 95 Stockholm Session 29.13 Vol. 2 Page 411
4+ PHRASE COMMAND Goto
PHRASE
t 4 ™ e L |coMPONENT
Tu Te MECHANISM In Fy()
A~
GLOTTAL A :
OSCILLATION f——e——s
MECHANISM | FUNDAMENTAL
FREQUENCY
4, ACCENT COMMAND Galo)
ACCENT
l [ 1 1.+ — coNTROL

T T T T T
n'n

0 n ‘s s

MECHANISM| ACCENT

Fig. 1. Quantitative
Fo [Hz) H— ‘ E E
240 I i :
180 Lo . ' :
i ) S s R A e e cRER S
" 00 - ;Siei haben Elcri ¥agen S GELIEHEN.
313 I ;
-0.5 0.0 05 1.0 15
Time (s]
Fig. 2. Ezample of analysis, “Sie

haben den Wagen GELIEHEN.” .

Fo THz} .
240 T - i <
180 - . Lo . /:\
lzﬂt_ ‘_—'ﬁmwf 7”;7\7
50 I Sic haben ‘den! Wagen + GELIEHEN? |
Aa . - . .
| I5k R
0.5 00 0.5 1.0 IS
Time (s}
, Fig. 3. Example of analysis, “Sie

haben den Wagen GELIEHEN 2.

' fo (liz] . I: e ; . :

240 - . : :
180 [ K Do \/.,.\
] e s e N
l 80} L o -
Aa Sie, haben !den, Wagen | gelichen...
‘ 03 00 05 10 s
Tise [s)

Fig. 4. Erample of analysis, “Sie
haben den Wagen gelichen...”.

contents of Clause 1 the Fy pattern
exhibits a rise followed by a plateau,
whereas in the case of two independent
clauses only indicating a sequence in
time, both”clauses may exhibit a fall

COMPONENT

intonation model.

at the end like in statement intonation.
In our experiment, however, we only
deal with the unmarked case which we
henceforth mean by ‘non-terminal into-
nation’.

Twelve speakers from the northern
part of Germany read the sentences at
a medium speech rate. Words to be fo-
cused were hinted at by embedding the
sentences in an appropriate discourse
context. The utterances were recorded
on a DAT and converted at 10kHz (16
bit). After editing the resulting sound
files and marking the word boundaries,
the Fy contour was extracted. Errors
were corrected by listening and visual
inspection. The Fy contour was then
modeled in the Analysis-by-Synthesis
approach using a graphic editing tool.
In the procedure the initial positions
and amplitudes of phrase commands
are sclected by approximately fitting
the phrase component along local min-
ima (the baseline) of the Fy contour.
The accent command on-and offsets are
mostly aligned with major transitions
of the Fp contour (“tone-switches”)
connected to syllables bearing the word
accents. The parameter values are then
optimized by an iterative procedure for
minimizing the mean square error in
the In Fy domain with « and J set to
constant values (a = 2.0, 8 = 20.0).

4. RESULTS OF ANALYSIS

In this paper we only discuss the
results of the production experiment
which are relevant to the perception
experiment. We have chosen the con-
dition where a narrow focus is placed
on “gelichen”. Figures 2, 3 and 4
display examples of analysis for state-
ment, question and non-terminal in-
tonation. At the top of all figures,
the speech waveform is displayed. The
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Table 1. Mean and standard devia-
tion of accent command timing and am-
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plitude.

T1: Accent command onset time
T2: Accent command offset time
Ag: Accent command amplitude.

statem. | question | non-ter.
T1 [ms] p 88 170/290 220
o 30 50/50 50
T2 ms] p 220 290/480 440
o 20 50/40 20
A, p| 055 |0.45/095 | 0.44
ol 016 [0.13/0.13| 0.06
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Fig. 5. Locations of synthetic stimuli
in the parameter space.

curve drawn using + symbols indicates
the measured Fy contour, the solid line
the synthesized Fy contour and the
dashed line its phrase component part.
The accent commands are displayed at
the bottom. The statement condition
in Figure 2 can be described by a sin-
gle accent command which is assigned
to “gelichen”, causing a rise-fall move-
ment of the Fy contour. In question
intonation (Figure 3) typically a lower
accent command followed by a high one
can be observed. The former has a de-
layed onset compared with statement
intonation. Third, the non-terminal in-
tonation (Figure 4) is characterized by
a single accent command with on- and
offset timing delayed compared with
statement intonation. Table 1 gives
mean values and standard deviations
of accent command timing and ampli-
tudes for the three conditions. The tim-
ing is normalized to the mean word du-
ration for all tokens.

It is easily seen that A, varies con-
siderably within the group of speakers,
though auditory cheﬁ( shows no differ-
ences in semantic function between the
various realizations. The accent com.
mand timing is less subject to individ-
ual variation.

5. THE PERCEPTION
EXPERIMENT

Taking the results of the production
experiment into account we esigned an
experiment to examine the relationship
between the perception of statement,
question and non-terminal intonation
and the placement and amplitude of ac-
cent commands.

A neutral utterance of the sentence
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Fig. 6. Probability of judgment ‘state-
ment’ in the plane T1 vs. T2.

“Sie haben den Wagen geliehen.” is an-
alyzed using LPC of order 14. The
data is then resynthesized replacing the
original Fy contour by one produced
with the Fujisaki model. The phrase
component of the synthetic Fyy contour
is copied from the original Fy contour
and remains unchanged for all stimuli.
By using the averaged parameter val-
ues (see Table 1) for the three con-
ditions (statement, question and non-
terminal intonation) we generate three
examplary “corner stimuli”. These are
locations in the multidimensional pa-
rameter space as shown for three pa-
rameters X, Y and Z in Figure 5. We
create intermediate stimuli at equidis-
tant points on the connccting lines
between the corner stimuli and addi-
tional stimuli along two lines parallel

JCPhS 95 Stockholm

100

Vel
10s QUESTION
A ,'( 71 100
a2| r’y

NON- 0 ° A,

@0

TERMINAL

Fig. 7. Probability of judgment ‘ques-
tion’ in the plane A, vs. Aup/Aq.

to these. Statement and non-terminal
intonation mainly differ as to T1 and
T2, whereas the difference between
non-terminal and question intonation is
characterized by the accent command
amplitude ratio A,s/Ag and the am-
plitude mean value (Aq;1+Aq2)/2.

20 German subjects (14 male, 6 fe-
male), two of whom were trained pho-
neticians, were exposed to each stimu-
lus five times in random order and were
asked to decide, if they perceived it as
a statement, a question or an unfin-
ished utterance. They could listen to
the stimuli as often as they liked.

6. RESULTS

Most subjects consistently identi-
fied stimuli grouped around tl)u,e corner
stimuli as belonging to either one of
the three cathogories. Figures 6 and
7 show the results of the perception ex-
periment for one pair of corner stimuli
each. The locations of the stimuli in the
parameter space are marked by dots. In
(Flgure 6, the probability of judgment
statement’ is written to every stimu-
lus_, whereas in Figure 7 the probability
of judgment ‘question’ is displayed. By
means of maximum likelyhood estima-
tion, lines of equi-probability were de-
termined from the data at 10, 25, 50, 75
and 90 percent levels. The curves sug-
gest that in the case of statement vs.
Don-terminal the judgment is mainl
influenced by the accent command off-
set time T2. For non-terminal vs. ques-
tion intonation we find that increasing
the accent command amplitude ratio
as almost the same effect as increas-
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ing the accent command amplitude for
both commands.

7. DISCUSSION AND
CONCLUSION

As far as the data presented is

concerned, the quantitative model has
proved its applicability to the anal-
ysis and synthesis of Fy contours of
German. Our perception experiment
shows that intonation types can be
described by averaged parameter sets.
The distinction between statement and
non-terminal intonation is mainly de-
termined by the accent command off-
set time T2. This corresponds to the
results of a former study by the au-
thors [6]. Question intonation is char-
acterized by a high accent command
amplitude and accent command split-
ting.
OU% results encourage using the model
for the formulation of a quantitative
model of German intonation and its ap-
plication to speech synthesis.
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