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ABSTRACT

Appropriate prosody modeling is crucial for natural
sounding text to speech synthesis, and accurate estimation
of segmental durations greatly contributes to this
naturalness, not only by establishing phone durations, but 
also because of the dependency of the intonation models on 
those estimated durations.

This paper presents the modeling of segmental durations 
performed for standard Basque using binary regression 
trees and describes the experiments and results obtained 
when using different predicting factors, as well as when
testing several target variables and phone groupings.
Additionally, a subjective evaluation of the duration model 
has been performed and is described together with the final 
results.

1. INTRODUCTION

With the current available speech synthesis technology, 
speech of high intelligibility is produced, but naturalness is 
still not achieved. A good segmental duration model has a 
decisive influence in the quality and naturalness of a text to 
speech (TTS) system and even in its intelligibility.

The most classical duration model is the sequential rule
model proposed by Klatt [1].  This is the former model used 
in out TTS system developed for standard Basque, called 
AhoTTS [2]. Constructing a good performing rule system 
requires a lot of experience and work. Lately, due to the 
growing availability of great size databases, statistical
methods have been applied to segmental duration modeling,
neural networks [3], regressive tree models [4] and sums of 
products models [5] among them.

The paper layout is as follows, first of all the database used 
to build the segmental duration model is described. Then, 
the statistical analysis performed over the data is explained,
describing the different experiments carried out. Next, the 
results achieved in the segmental duration modeling are 
presented and finally, the subjective evaluation process
made is described, together with its results.

2. SPEECH MATERIAL

The database used for duration modeling was an already 
available database composed by 1.757 isolated sentences, 
written in standard Basque. It was read by a native male 
Basque speaker in a laboratory environment at a natural
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ing speech rate. The database was called Julen, which 
 for the name of the speaker. The main characteristics 
 database are collected in Table 1. Its orig inal purpose 
e recording of synthesis units for standard Basque.

atabase was automatically segmented at phone level 
ly partial correction of main errors has been made by 

Language Standard Basque
Design goal Synthesis units

Recording time 1h 50’ 58’’

Sentence amount 1.757
Word amount 12.391

Phone amount 57.300

able 1: Main characteristics of Julen database.

 designing this corpus, to have a syntactic variety was 
sidered as a design requirement and no technique to 
ize the number of phonetic contexts present in the 

s, reducing in this way the data sparsity common in 
on studies [6] was used. Even so, the database was 
at a constant rate and is suitable to be used in 
ntal duration studies.

3. PREDICTION OF SEGMENTAL 
DURATION

arget variable

 duration typically follows a log-normal distribution 
ith a single maximum close to the mean value.  It is 

sting to have a normal distribution of the data, in
to increase the performance of the prediction methods.
 this study two different transformations have been 
d to improve the data distribution. One has been to 
ate the square root of duration and the other is the 
e or typical score, calculated according to Equation
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z-scorei is the typical score for the ith sound, duri is 
ration of the ith sound, mk is the mean duration of the 
 in the whole database and σk is the standard
ion of the duration of the phone in the whole
se.

s 1, 2 and 3 show the results of the goodness of fit for 
lity tests for the raw duration and the two



transformations considered. The closer the distribution is to 
the normal distribution, the closer the samples of the dotted
line will be to the 45º line.

Figure 1: Results of normality test for raw duration.

Figure 2: Results of normality test for z-score.

Figure 3: Results of normality test for square root of 
duration.

As shown in figures 1, 2 and 3,  z-score improves the 
normality of data, mainly for the shortest sounds, but
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tatistical analysis

e statistical analysis of duration, classification and 
sion trees (CARTs) [8] have been selected, actually
ue to the continuous nature of the duration, binary 
sion tress have been built . CART models  are able to 
atically select the most influent factors, allow the use 
egorical and real valued features and produce easy to 

odels.

7.300 segments present in Julen database were
d into two sets: 75% of the data (42.779 segments) 
sed for the training set and the remaining 25% 
1 segments) was left for test purposes .

atures used for the prediction of segmental duration 
e the phonemic identity of the sound and that of the 
nding four sounds, and their phonemic features like 
and mode of articulation. For the standard Basque, 33 
nt sounds are considered, 28 consonants and 5
s. The position of the sound in the syllable, that of the 
le in the word, the stress level of the sound, the 
er of syllables of the sentence and an indication of the 
ing of the sound to the last syllable in the sentence 
o provided. All of these features were automatically 
ted using the linguistic module of AhoTTS. No 
l correction of the possible errors was made.

ent experiments were made in the modeling of
ntal duration, testing several predicting factor sets
one groupings:

he feature that introduces more sparsity in the data is 
und identity, due to the high number of possible 

alues that presents . In order to test if this sparsity has 
 influence over the results, different models were 

uilt, with and without providing phone identity.

he number of cases of the different sounds was 
nbalanced in the database, so predicting the duration 
f all the phones with the same algorithm could harm
e modeling of the phones with a weaker
presentation. So, various experiments were made 
plying a pre-classification of sounds according to 
eir phonetic class. Sounds were classified into ten 

roups: affricates, fricatives, nasals, liquids, plosives 
d a different group for each vowel.

 that the distribution of z-score and square root of 
on were closer to the normal distribution than raw 
on, these transformed variables were used as target 
le in the prediction experiments.

4. RESULTS

ly the performance of a predicting algorithm is
red using the Root Mean Square Error or RMSE
g between the original value from the database and 



the predicted one. Another value commonly provided is the 
correlation coefficient between natural and synthetic
durations. However, these measures have a limitation: they
are absolute measures and it is clear that assigning a
duration of 100 ms. to a sound of 50 ms. is worst than 
assigning a duration of 250 ms. to a sound of 200 ms. So it
is interesting to provide a relative error too. This relative 
error is obtained according to Equation (2).
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where %Error is the relative error expressed in percentage,
real_duri is the duration of the sound in the database, 
predicted_duri is the duration calculated with the statistical 
method and N is the total number of segments used in the 
test experiment.

Tables 2 and 3 show the results obtained in the different 
prediction experiments made. Table 2 presents the results 
achieved in all the experiments described having z-score of 
duration as target variable.

RMSE Corr. %Error

With sound 
identity 15.1 ms. 0.721 21.3%

Only
one tree Without

sound identity 15.7 ms. 0.693 22.6%

With sound 
identity 13.0 ms. 0.803 18.1%

Separate
trees Without

sound identity 14.6 ms. 0.753 21.1%

Table 2: Results of the duration modeling when predicting 
z-score of duration.

Table 3 presents the same results as table 2, when using 
square root of duration as target variable.

RMSE Corr. %Error

With sound 
identity 14.9 ms. 0.728 20.6%

Only
one tree Without

sound identity 16.5 ms. 0.654 24.0%

With sound 
identity 12.9 ms. 0.804 17.7%

Separate
trees Without

sound identity 14.8 ms. 0.751 21.0%

Table 3: Results of the duration modeling when predicting 
square root of the duration.

Better results are achieved when sound identity is used, in 
spite of the data sparsity that is introduced. For both target 
variables better results are obtained if sounds are previously 
classified. Finally, square root of duration performs slightly
better than z-score in all experiments.

The 
segme
durati
in the 
to ass
becau
impro
impor
perfor
in this

5.1 T

The f
compa
and th
new d
is inte
TTS s
evalua
presen

The te

• C
p
th
se
st
th

• P
m
o
p
d
c
a
n

The s
among
Teleco
Basqu
femal
the ex
least 
speech
to TT
trainin

The te
a rese
over 
standa
a sam

5.2 R

In the
5. SUBJECTIVE EVALUATION

performance of the algorithms for predicting
ntal duration is usually measured comparing the 
on of each sound with the duration that this sound had 
reference database. However, it is also very important
ess the model from a perceptual point of view,

se improved statistical modeling not always implies 
ved synthetic speech quality. In spite of the
tance of having a perceptual measure of the
mance of segmental duration algorithms, few works 
 field have been published [9].

est procedure

irst goal of the subjective evaluation process is to 
re the durations predicted by the statistical method 
e natural ones. Furthermore, the development of a 

uration model is a very time consuming process and it 
resting to know if the effort has really improved the 
ystem. That is why the second goal of the subjective 
tion process is to compare the former duration model 
t in AhoTTS with the newly developed one.

st designed was divided into two parts:

larity test: five pairs of synthetic sentences  were 
resented to the subjects and they were asked to select 
e clearest one. They were given the possibility not to 
lect any of them if they noticed no difference. The
imuli were synthesized with AhoTTS, varying only 
e duration model applied.

reference test: the subjects were asked to select the 
ost natural sentence between two different versions 

f the sentence that differed only in the durations of the 
hones. Twelve pairs of sentences taken from Julen
atabase were used in this test. The stimuli were 
reated with AhoTTS, varying the duration model used 
nd superimposing durations from database to evaluate 
atural durations.

ubjects taking part in the experiment were selected 
 the students and staff of the Electronics and 
mmunication Department of the University of the 
e Country. A total of 14 participants (6 males and 8
es with ages varying from 22 to 45 years) took part in 
periments. All of them were native of Basque, or at 
fluent in standard Basque. None of them reported 
 or hearing problems. Some of them were habituated 

S systems, but none of them has a special phonetic 
g.

sts were performed in the quasi silent environment of 
arch laboratory. Stimuli were presented to listeners 
high quality headphones and reproduced with a
rd Sound Blaster soundcard. They were created with 

pling rate of 8 KHz and using 16 bits per sample.

esults

clarity test the new statistical model has been 



considered clearer, achieving 67% of selections, with 21%
of selections judging them equivalent. Figure 5 shows the 
results of this test separated by sentence: statistical model 
has been preferred over the rule based one in all five 
sentences. For the last sentence this difference is smaller 
and the percentage of people that think that both v ersions of 
the sentence are equally clear is bigger: this was the 
shortest sentence in the tests, and differences between 
models are more difficult to notice.

0%

25%

50%

75%

100%

Sentence #1 Sentence #2 Sentence #3 Sentence #4 Sentence #5

By rule Statistical Indifferent

Figure 5 : Results of subjective evaluation of clarity for each 
sentence used in the test.

Figure 6 shows the results of the preference test: when 
choosing between natural durations and the statistical
model, the latter was preferred in 34% of the cases,
although most part of selections judged equivalent both
versions of the sentence. This preference of the model is 
due to the synthetic intonation model applied: natural 
durations do not fit well in this model. In the comparison 
between the new statistical model and the former one, 
statistical model was preferred by large to the rule-driven
model, with 43% of selections.

25.0%

42.9%

41.1% 39.3%

17.9%

33.9%
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Indifferent

Statiscal

Natural
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Figure 6: Results of preference test.

6. CONCLUSIONS

A statistical model for segmental duration of sounds in 
standard Basque has been developed using a large database 
containing 57.300 phones and binary regression trees.
Several experiments to find the best set of factors and target 
variable have been performed. The best model has a RMSE 
of only 12.9 ms. that is obtained when predicting square 
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f duration, using the identity of the sound and that of 
rrounding four sounds as predictor factors and 

ing a previous classification to the sounds.

ceptual evaluation of the model has been performed 
sults of the tests show that the model has a good 

y and is preferred to the former duration model used 
.
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