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ABSTRACT

At the Institute of Telecommunications of the Technical
University of Berlin, three speech assessment experi-
ments were performed to compare the Modulated Noise
Reference Unit (MNRU) [1] and the time and frequency
warping (TFW) reference system [2]. To perform this
evaluation, a category rating test procedure similar to
ITU-Rec. P.85 [3] was implemented in an evaluation
system developed at the Institute of Telecommunications
[4]. This paper explains in the first part details of the
reference systems and summarises the evaluation results
of both systems individually (sections 1 to 3). Section 4
compares of the assessment results by a number of
synthec speech samples that were commonly used in all
experiments.
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1. INTRODUCTION

Auditory speech assessment experiments according to
procedures standardized within the International Tele-
communication Union ITU, normally include a number
of reference conditions to ensure validity and to enhance
the reliability of a series of tests [3], [5]. For the compari-
son of transmission systems or codecs using category
rating tests [5], the Modulated Noise Reference Unit
(MNRU, ITU Rec. P. 81 [1]) is well suited and widely
used. Therefore we used in an evaluation of 13 synthesis
systems for the German language [6] similar MNRU
conditions than those in an ETSI codec test [8].
However, the results of these experiments showed that
many speech quality aspects of synthesized speech can
not be simulated by the MNRU conditions. Therefore, a
second experiment was performed with a reduced set of
stimuli and a different set of subjects. Section 2 discusses
the results of both experiments.

Evans [2] proposed a different approach to produce
distorted speech for subjective assessment experiments
of synthetic speech. This approach is called time and
frequency warping, because in principle, adjacent seg-
ments of the original speech signal are lengthened and
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contracted periodically. This process can be expressed by
a time variant sampling frequency that is warping around
the nominal sampling frequency of a digitized speech
signal. In our third experiment, different warping funct-
ions were evaluated, each tested with different para-
meters (Section 3).

The assessment experiments were performed according
to ITU Rec. P. 85 with an evaluation system developed at
our institute. The assessment procedure is divided into
four parts [6]: (1) Introduction of the subject, (2) training
session, (3) evaluation session, (4) final questionnaire.
Each experiment uses speech samples of the reference
system to be evaluated, together with a fixed set of syn-
thetic speech samples in order to compare the different
experiments. All speech samples were presented at 79 dB
active speech level [9] via a telephone handset.

2. MODULATED NOISE REFERENCE
UNIT (MNRU)

2.1  Reference System Description

Originally, the MNRU was developed to produce distort-
ions which is subjectively similar to that produced by
Jogarithmically companded PCM systems [7]. The dist-
orted speech signal y of the MNRU (Fig. 1) consists of
the original speech signal s and a Gaussian noise signal 7
that is modulated by the speech signal itself. The value of
O determines the signal to noise ratio and therefore the
speech quality. The amplification factor V sets the speech
level.
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Fig. 1: Modulated Noise Reference Unit [ITU-P.85]
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2.2 Assessment Experiments

In our first experiment, four reference conditions from the
MNRU (@1 =5 dB, Q; = 15 dB, Q3 = 20 dB and Q4 =
50 dB) were evaluated together with 13 synthesis systems
for the German language. 24 sub Jects (12 female, 12 male)
participated in this experiment. The subjects were selected
from a database containing about 300 entries in order to
ensure a wide variety of age and professional background.
None of them had experience in speech synthesis develop-
ment or assessment. In a second experiment, speech
samples from only six synthesis systems of those tested
before (three TD-PSOLA systems, two formant synthes-
izers and one articulatory synthesis) and three reference
conditions from the MNRU (Q1=5dB, Q072 =204dB and
Q3 = 50 dB) were assessed by a different set of 30 sub-
jects. Most of these subjects passed our institute and had
some background in speech signal processing but had no
experience in speech synthesis. In both experiments, the
subjects had to assess the speech quality by eight speech
quality descriptors as listed in Table 1.

_Quality desérip
Overall impression
Listening effort
Comprehension problems
Articulation
Pronounciation

Stress

Speaking rate

Voice pleasantness

CO\ICDO'I-PQOI\J—lf

Table 1: Quality descriptors Jor evaluation of the MNRU

2.3  Results

Fig. 2 shows the MOS values of the MNRU conditions
Q1-04 for the speech quality descriptor ‘overall impres-
sion’ of experiments 1 and 2 and of an assessment €X-
periment of codecs with 8 kbit/s [8]. Plerase notice that
within experiment 2, the MNRU condition 07 was not
evaluated.

It can be seen that the MNRU conditions with Q<1548
got significantly better MOS values within the synthesis
comparison experiments than in the codecs* framework.

5

Overali Impression / MOS
w

not evalugted

Q4 (50 dB)

Q3 (20 dB)

Q2 (15 dB)
l_ MNRU Experiment 1 2 MNRU Experiment 2 Codec Experiment‘l

Fig. 2: Assessment results of the MNRU
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On the other hand, no significant difference occured
between experiment 1 and 2 of the MNRU conditions
01, 03 andQ4 for the quality aspect ‘overall imprssion®.
Similar assessment results can also be observed for the
other quality descriptors which are not displayed here.

3. TIME AND FREQUENCY WARPING
(TFW)

3.1 Stimulus Conditions

Instead of adding noise to a natural speech signal as used
for the MNRU, the TFW reference system modifies the
speech signal by stretching and compressing adjacent
segments periodically. Evans firstly proposed this
reference system approach [2]. He used two different
sampling freqencies above and below the normal
sampling frequency and switched between both sampling
frequency every 75 ms. This switching procedure can be
expressed by Eq. 1, where f; denotes the constant samp-
ling frequency and w(t) the warping function.

SO = fr+w(1) M

In Evans‘ approach, w(t) can be expressed by a rectangle
shape (Fig. 3a) with a period length of T = 150 ms. The
amplitude A specifies the maximum deviation from fr-
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Fig. 3: Warping functions of the TFW reference system
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Overall Impression / MOS

Listening Effort / MOS

Articulation / MOS

Voice Pleasantness / MOS

Rect [T=150ms) 5] Rect(T=100ms)  [EF Sine(T=133ms)

Sine (T=100 ms)

Random [ T=133ms) Random [ T=100ms)

Fig. 4: Results of the TFW experiment

In our third experiment we used the rectangle, the sine
and the random warping function (Figs. 3 a, band ¢
respectively) and varied the parameters A and T as
listed in Table 2.

1 rectangle 1,0
2 rectangle 2,0 100
3 rectangle 3,0 100
4 rectangle 1,0 150
5 rectangle 2,0 150
6 rectangle 3,0 150
7 sine 1,0 100
8 sine 2,0 100
9 sine 3,0 100
10 sine 1,0 133
11 sine 2,0 133
12 sine 3,0 133
13 random 1,0 100
14 random 2,0 100
15 random 3,0 100
16 random 1,0 133
17 random 2,0 133
18 random 3,0 133

Table 2: TFW reference conditions
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Additionally, a topline reference containing natural
speech as well as speech samples produced from five
of the six synthesis systems of experiment 2 were
included in order to compare the results of the MNRU
and the TFW experiments. In contrast to experiments 1
and 2, only the speech quality descriptors ‘overall
impression’, ‘listening effort’, ‘articulation’ and ‘voice
pleasantness’ were by the subjects. This experiment
were performed by another 26 subjects.

3.2  Results of the TFW Experiment

Fig. 4 shows the MOS values of the quality descriptors
‘overall impression’, ‘listening effort’, ‘articulation’
and ‘voice pleasantness’. The confidence intervals
(95% level) are less than 0.36 MOS (not displayed
here). The results can be summarized as follows:

»  As already stated by Evans, the greatest impact on
the speech quality is given by variation of the
amplitude A of the warping function. Our experi-
ments verified this result also for the quality
descriptors ‘listening effort’, ‘articulation’ and
‘voice pleasantness’ which were not evaluated by
Evans.
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* By using a shorter period length 7T'(cf. Table 2), the
speech quality decreases in most cases; the
strongest decrease was found for the sine warping
function. However, the impact of 7 depends on
both, the warping shape and the warping amplitude
A (Fig. 4). Therefore, this parameter is difficult to
handle.

*  The rectangle warping approach has unexpectedly
worse results than the sine or random warping. The
reason for this behavior may be found in the
definition of the warping functions (Fig. 3) where
A denotes the maximum deviation of f; from f; .
Further experiments should be performed in order
to investigate if the mean deviation of f; is more
appropriate.

4. COMPARISON OF THE
ASSESSMENT EXPERIMENTS

Fig. 5 shows the MOS values for the ‘overall impres-

sion® of those synthesis systems that were used in at-

least two experiments.
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‘Fig. 5: Assessment of the ‘overall impression’ of
synthesis systems used in our experiments.

The main interesting fact is that in both, the MNRU
and the TFW experiments, the synthesis systems were
assessed very similar for the ‘overall impression’
(differences are less than 0.4 MOS). The differences

increase slightly (but not significantly) for the ‘listen-

ing effort’ and the ‘articulation’ descriptors (in both
cases, differences are less than 0.4 MOS and 0.6 MOS
respectively). Significant better assessment results can
only be observed for the ‘voice pleasantness’ aspect of
parametric synthesis systems (formant and articulatory
synthesis).

5. CONCLUSIONS

Both MNRU experiments show that neither a reduced
set of stimuli nor a different set of subjects with partial-
ly different professional background or age had a
significant impact on the assessment results. On the
other hand, it has to be stated that the reference condi-
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tions we had derived from codec evaluations [8] were
not able to cover the whole quality range as expected;
they were assessed better than most of the synthesis
systems for most of the quality descriptors. Therefore,
further assessment experiments should be performed
using MNRU conditions with negative Q values.

Within the TFW experiment, the rectangle warping
function gives the best MOS range fitting. In our
experiment, it covers the MOS range from MOS 3.7
down to MOS 1.0 for the ‘overall impression® by
varying the amplitude A between 1.0 to 3.0 kHz. As
Evans reported, better speech quality can be produced
with A < 1.0 kHz so that the full range up to 4.5 MOS
(for telephone speech) can be addressed. Furthermore,
the rectangle warping function provides the most
regular behaviour for all quality descriptors tested in
our experiment.

The comparison of our experiments shows surprisingly
that the speech quality of the synthesis systems was
assessed very similar within our experiments. Second-
ly, it has to be stated that neither the MNRU nor the
TFW reference system is able to model speech quality
aspects like ‘speaking rate’, ‘pronounciation’ or
‘stress’. Therefore, further research is necessary to
establish an other reference system approach that will
be able to cover also these quality aspects of synthetic
speech.
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