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Abstract

The Momel algorithm provides an automatic factoring of raw
fundamental frequency into two components: a microprosodic
component, corresponding to local variations of pitch caused
by the phonetic nature of the speech segments and a
macroprosodic component corresponding to the overall pitch
pattern of the utterance which is then represented as a
sequence of pitch targets. An earlier evaluation estimated the
overall efficiency of the algorithm (F-measure) at around 95%
on a corpus of read speech for 5 European languages and at
around 93% for a corpus of spontaneous speech. In this paper
we present the results of the evaluation of the output of two
versions of the Momel algorithm as compared with manually
corrected pitch targets for a corpus of just over 2 hours of read
speech in Korean (40 continuous S5-sentence passages, each
read by 5 male and 5 female speakers). The results show that
the new version of the Momel algorithm performs
systematically better than the earlier version.

Index Terms: Momel, FO modelling, evaluation, Korean,
read speech

1. Introduction

Current research on speech prosody is more and more
oriented towards the analysis of large or very large corpora. In
this type of analysis it is virtually impossible to make use of
manual annotation of the data and automatic procedures are
obviously an attractive alternative. The Momel algorithm
[15], [16] is one proposal which provides an automatic
factoring of raw fundamental frequency into two components:
a microprosodic component, corresponding to local variations
of pitch caused by the phonetic nature of the speech segments
and a macroprosodic component corresponding to the overall
pitch pattern of the utterance which is then represented as a
sequence of pitch targets.

In this paper we describe the Momel algorithm and the
improved version which has recently been implemented as a
Praat plugin [14]. We then present the results of an
evaluation of the performance of the two versions of the
algorithm on just over 2 hours of read speech in Korean, a
language which had not yet been analysed using this
technique.

2. The Momel algorithm

Different versions of the Momel algorithm have been
developed in the LPL in Aix en Provence over the last twenty
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years, and have been used, in particular in association with the
symbolic coding alphabet INTSINT [12][11][13], for the
phonetic modelling of the intonation patterns of a number of
languages (including English [1], French [2] [23] [24], Italian
[9], Catalan [7], Brazilian Portuguese [8], Venezuelan
Spanish [20], Russian [22], Arabic [21] and isiZulu [17]).

The analysis of raw fundamental frequency curves for the
study of intonation needs to take into account the fact that
speakers are simultaneously producing an intonation pattern
and a sequence of syllables made up of segmental phones.
The actual raw fundamental frequency curves that can be
analysed acoustically are the result of an interaction between
these two components and this makes it difficult to compare
intonation patterns when they are produced with different
segmental material.

The Momel algorithm attempts to solve this problem by
factoring the raw curves into two components:

* a macromelodic component modelled as a quadratic
spline function.

This is assumed to correspond to the global pitch contour
of the utterance which is independent of the nature of the
constituent phonemes. The underlying hypothesis is that this
macromelodic component is, unlike raw fundamental
frequency curves, both continuous and smooth. It corresponds
approximately to what we produce if we hum an utterance
instead of speaking it.

* a micromelodic component consisting of deviations
from the macromelodic curve called a micromelodic
profile.

This residual curve is assumed to be determined entirely
by the segmental constituents of the utterance and to be
independent of the macromelodic component.

The quadratic spline function used to model the
macromelodic component is defined by a sequence of target
points, (couples <s, Hz> each pair of which is linked by two
monotonic parabolic curves with the spline ‘knot’ occurring
(by default) at the midway point between the two targets. The
first derivative (= slope) of the curve thus defined is zero at
each target point and the two parabolas have the same value
and same derivative at the spline knot. These conditions in
fact define the simplest mathematical function which can link
each pair of target points by a monotonic curve which is both
continuous and smooth.

Figure 1 illustrates a quadratic spline curve linking the
four target points <0.00, 141>, <0.25, 168>, <0.50, 161>,
<1.00, 100> : the circles correspond to the target points and
the vertical lines to the spline knots.
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Figure 1: a quadratic spline function linking four target
points (red circles) with the spline ‘knots’ shown as vertical
blue lines.

To give a concrete example from French, the two
utterances "a ma maman" (to my mummy) and "a ton papa!"
(to your daddy) could be modelled with the same target points
(hence the same macromelodic component). See Figure 2.
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Figure 2: Fundamental frequency and wave-form for the
two French utterances a. "A ma maman!" and b. "A ton

papa!"

The same words pronounced as a question "a ma
maman?" and "a ton papa?" would also have the same target
points but which would probably be different from those of
the first pair. See figure 3.

On the other hand, the utterances 2a. "A ma maman!" and
3a. "A ma maman?" could be modelled with the same
micromelodic profile but with different target points, while
2b. "A ton papa!" and 3b. "A ton papa?" would also have the
same micromelodic profile but which would be different from
those of the other pair.

The Momel algorithm derives what has been referred to
[16] as a phonetic representation of an intonation pattern and
which is assumed to be neutral with respect to speech
production and speech perception since, while not explicitly
derived from a model of either production or perception, it
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Figure 3: The same utterances as in Figure 1 pronounced as
questions.

contains sufficient information to allow it to be used as input
to models of either process. The relatively theory-neutral
nature of the algorithm has allowed it to be used as a first step
in deriving representations such as those of the Fujisaki model
[19], ToBI [18][25] or INTSINT [10][13].

Up until recently, the most accessible implementation of
this algorithm was in a Unix environment as a C program
(Momel) using MES, the Motif-based speech editor
developed at the LPL [6]. This has been an obstacle for the
wider use of the algorithm by phoneticians and linguists, who
very often do not have access to this environment. This was
partly overcome by the recent implementation [10] of a Praat
script allowing users to run the C program and Perl script
directly from this very widely used speech manipulation
software.

The latest version of the algorithm, implemented as a
plugin [14] for the Praat speech analysis system [3],
incorporates an improved treatment of the analysis in the
vicinity of silent pauses, described in more detail below.

A recent evaluation of the algorithm [4] was carried out
using recordings of the continuous passages of the Euroml
corpus [5] for five languages (English, German, Spanish,
French, Italian), in all, a total of 5 hours of speech). The
evaluation estimated a global efficiency coefficient (as
calculated by the F-measure) of 95.5% by comparison with
manually corrected target point estimation.

The F-measure is calculated as the harmonic mean (i.e.
the product divided by the arithmetic mean) of the measure of
recall (percent detected of total correct) and that of precision
(percent correct of total detected). The F-measure is
commonly used in the field of information retrieval as a
global estimate of efficiency.

Compared to the 46982 target points provided by the
automatic analysis, 3179 were added manually by the
correctors and 1107 removed. The algorithm gave only
slightly less efficiency (93.4%) when applied to a corpus of
spontaneous spoken French.
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Figure 4: Raw (red) and modelled (green) fundamental
frequency for the extract "Est-ce que c'est vrai? vous prenez
les réservations par téléphone?" (Is it true? you take
bookings by phone?) using the original version of Momel

The majority of the corrections involved systematic
errors, in particular before pauses (especially preceded by a
concave rising movement). Figure 4 gives an example of a
passage (taken from the French version of the Euroml
corpus) where a rising pitch before a pause is completely
missed by the algorithm.

3. Improved algorithm

In Figure 4, the pitch rise on "vrai" consists almost entirely of
the concave part of the rise. This contrasts with the rise on
"telephone" where there is both a concave and a convex part
and where the target point is correctly detected. An
improvement to the algorithm, for final and initial pitch
movements, had, in fact, already been implemented in the
Unix-based version. The corrected algorithm extrapolates a
final concave rise and estimates the closest target point that
will produce such a rise.

In the present implementation [14], this feature is
extended to all occurrences of pitch movements occurring
before a silent pause, the minimum duration of which by
default is 250ms. Figure 5 shows the output of the new
version of the algorithm which correctly detects and models
the final concave rise as the first part of a concave+convex
pattern.
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Figure 2: Raw (red) and modelled (green) fundamental
frequency for the extract "Est-ce que c'est vrai? vous prenez
les réservations par téléphone?" (Is it true? you take
bookings by phone?). using the new version of Momel.

4. Evaluation using Korean read speech

The forty continuous passages from the Euroml corpus [5]
were freely translated and adapted to Korean by the second

author. The forty passages were each recorded by ten native
speakers of Korean (5 male, 5 female). The complete
recordings of the 400 passages last a total of just over 2 hours
7 minutes.

The recordings were analysed with the first version of the
Momel algorithm. The output of the algorithm was manually
corrected: adding, shifting and deleting target points until the
correctors were satisfied that the resynthesis of the passage
using the modelled FO did not differ appreciably from the
original recording.

The number of corrections was considerably higher than
that reported in [4] where the correctors had been instructed to
make only minimal corrections. In our case, the correctors
were asked to make as many corrections as necessary to
obtain the best possible output.

The complete corpus was next analysed with both the old
and the new versions of the Momel algorithm.

The fact that the correctors had been instructed to produce
as close a copy as possible of the original signal meant that it
was not appropriate to evaluate the automatic algorithms by
comparing the number of target points in the automatic and
corrected versions as had been done in [4] so that the F-
measure used in those estimations was not an appropriate
statistic for this case.

Instead we decided to compare the output of the model,
i.e. the spline curves generated from the target points. In order
to compare these curves with the output from the hand
corrected targets we decided to use as our measure of
evaluation a linear correlation between the spline curves for
each passage.

Means and standard deviations of the correlations
between the complete curve generated for each passage by the
hand-corrected data and those from the two versions of the
automatic modelling algorithm were respectively:

Momell Momel?2
mean 0.844 0.850
sd 0.102 0.097
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Table 1. Mean and standard deviation for the correlation
coefficients calculated for each passage between the spline
curve generated from the hand-corrected targets and that
from the two versions of the automatic algorithm.

These two values were not significantly different
(F(1,795) = 0.6655, p = 0.4149). Although the result from the
second version of the algorithm was marginally better than
that from the earlier version, we found, as we had suspected,
that correlation obtained was affected by the values of the
quadratic spline during silent pauses.

The nature of the improved algorithm described above
meant that a number of target points were introduced which
did not correspond to observed data points in order to achieve
a better fit to the observed data. This meant that the
correlation between the spline curves might be worse than if
we restrict the correlation to the portions of the spline curves
corresponding to voiced stretches of speech. We consequently
followed up the first analysis of linear correlation by
removing from the analysis the portions of the spline curve
which corresponded to a silence of more than 250ms.

When the predicted values corresponding to silent pauses
were removed, the mean and standard deviations between the
curve generated for each passage by the hand-corrected data
and those from the two versions of the automatic modelling
algorithm were respectively:




Momell Momel?2
mean 0.874 0.895
sd 0.081 0.074

Table 2. Mean and standard deviation for the correlation
coefficients calculated for each passage between the spline
curve generated from the hand-corrected targets and that
from the two versions of the automatic algorithm, omitting
the values corresponding to silent pauses in the data.

This time the two values were significantly different,
(F(1,795) = 14.248, p < 0.0002). Although there was some
inter-speaker variability, the mean correlation was higher for
Momel-2 than for Momel-1 for every speaker. There was also
some inter-passage variability but the mean correlation was
higher for Momel-2 than for Momel-1 for 38 of the 40
passages.

5. Conclusion

The latest version of Momel was shown to be both
qualitatively and quantitatively superior to the earlier version
on the corpus analysed. The software is freely available from
the first author.

There is now a mailing list specifically for users of
Momel and Intsint where it is possible to post questions and
comments about the use of these algorithms. The list will also
provide updated information about the latest versions and
where to find them. This list may be found at the following
address:

http://tech.groups.yahoo.com/group/momel-intsint
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