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ABSTRACT

In this paper, the problem of modifying casual speech to reach
the intelligibility level of clear speech is addressed. Unlike other
studies, in this work modifications on casual speech both consider
intelligibility and speech quality. To achieve this, the authors focus
on human-like modifications inspired by clear speech. An acoustic
analysis performed on clear and casual speech reveals energy differ-
ences on specific frequency bands between the two speaking styles.
Then, a simple method is used to boost these frequency regions on
casual speech. The proposed method, called mix-filtering, uses a
multi-band filtering scheme to isolate the information of these fre-
quency bands and then, add this information to the original signal.
Our method is compared in terms of intelligibility and quality with
unmodified casual speech and with a highly intelligible spectral
modification technique, namely the Spectral Shaping and Dynamic
Range Compression (SSDRC). Two different objective measures
that are highly correlated with subjective intelligibility scores are
used for estimating the intelligibility, whereas for evaluating the
quality, preference listening tests are performed. Results show that
the mix-filtering technique increases the intelligibility of casual
speech while maintains its quality. On the other hand, while SSDRC
outperforms on intelligibility, it degrades significantly the quality of
casual speech.

Index Terms— Clear speech, Casual speech, Intelligibility,
Speech quality, Spectral modifications

1. INTRODUCTION

Humans adopt many different speaking styles in order to overcome
communication difficulties. Depending on the communication bar-
rier, speakers produce different styles of speech (e.g. Lombard
speech, shouted speech). When a speaker is in a non-noisy environ-
ment but the listener faces a communication barrier, clear speech
strategies are employed. For example, the target listener could be
either hearing-impaired or a non-native listener (L2). Despite many
differences in speaker strategies, the most common characteris-
tics of clear speech is hyper-articulation, with increased effort on
the part of the speaker to enunciate. Conversely, plain or casual
speech is the type of speech produced when there is no barrier in the
communication channel.

Intelligibility differences between clear and casual speech have
been investigated for various listener populations, on a great vari-
ety of speech materials and under various conditions (e.g under the
presence of noise [1]). Specifically, related studies reported that
the average intelligibility of clear speech is higher than that of ca-
sual speech across hearing-impaired listeners [2, 3], coclear-implant
users[4] and normal-hearing listeners [5, 6, 4, 7]. Even though the
degree from the benefit of clear speech varies according to the age
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of the subjects [3], their linguistic knowledge (e.g native listeners vs.
non-native listeners [8]), the noise conditions of the experiment for
the normal-hearing population [9], in general clear speech has higher
intelligibility than casual speech.

Many studies have been focusing on the intelligibility enhance-
ment of plain speech by seeking and exploiting differences between
the two speaking styles [5, 10, 11]. Clear and casual speech, ap-
pear to have differences on their spectral and prosodic characteris-
tics. Focusing on the spectral domain, one feature that is possibly
associated with the intelligibility of clear speech is an energy in-
crease above 1000Hz [12, 13]. This increase of energy compared to
plain speech in similar frequency regions occurs also in other speak-
ing styles, like on Lombard speech (naturally produced speech in
noise). It has been shown that performing Lombard-like modifica-
tions on plain speech by boosting the frequency region 1 — 4kHz
while maintaining the overall RMS energy of the signal, has an in-
telligibility increase [14]. In [10] a similar approach has been used
for clear speech, amplifying the energy around F2 and F3 formants
on casual speech on voiced segments. Intelligibility tests for normal
hearing listeners in noise (SNR = —1.8dB) showed that modi-
fied speech was more intelligible than unmodified casual speech and
less intelligible than clear speech. In addition, other simpler spectral
modifications can increase speech intelligibility. Performing high-
pass filtering on speech with cut-off frequency 1.5k H z increases its
intelligibility in noise [15].

The aforementioned studies report that spectral modifications of
casual speech may be proven beneficial for its intelligibility. How-
ever, none of the studies is concerned with the quality degradations
imposed to original speech. Previous work that has been done by
the authors [16] has shown that spectral shaping and energy reallo-
cation techniques (SSDRC) can increase the intelligibility of casual
speech to levels higher than that of clear speech on low SNR. How-
ever, the quality of modified speech is quite degraded. The major-
ity of the studies that examine speech intelligibility, test the speech
signals in noise, masking all the artefacts that may be introduced
on processed speech. For example, the SSDRC modified signals in
[16] even though highly intelligible in noise (even higher than clear
speech), were quite distorted and this could only be reported if heard
outside noise. Even if it is preferable to test the intelligibility of
speech in noise, as normal-hearing subjects can be used for evalua-
tions, speech is not always intended in noise. On some applications
it is important to preserve the quality of speech (e.g applications for
hearing impaired listeners). Therefore, it is under question whether
or not spectral modification techniques can increase intelligibility
without affecting speech quality.

This work tries to address the problem of increasing the intelli-
gibility of casual speech while maintaining its quality. Motivated by
previous studies that achieve to increase intelligibility using spectral
modifications, this study also modifies the spectral characteristics



of casual signals imposing however, quality restrictions. The pro-
posed method, inspired by the properties of clear speech, amplifies
the energy of specific frequency bands of original casual speech. The
advantage of the method is its simplicity and efficiency. Firstly, un-
like other techniques [10, 16] it does not require frame-based analy-
sis and modifications (detection of voiced/unvoiced regions, formant
shaping etc). On the contrary, it isolates frequency bands on casual
speech by simply performing multi-band filtering and then adds back
to the initial signal the filter outputs. Secondly, results show that
the proposed modified scheme increases the intelligibility of casual
speech while maintains its quality. The evaluation of the modified
speech in terms of intelligibility is performed objectively using two
different objective measures that predict intelligibility, the Glimpse
Proportion (GP) [17] and the Distortion-Weighted Glimpse Propor-
tion (DWGP) [18]. In order to quantify the intelligibility and qual-
ity advantage of our proposed method, our modified casual speech
is compare not only with unmodified speech but also with SSDRC
modified speech, which has similar intelligibility levels with clear
speech [16]. Then, the quality of the proposed scheme is evalu-
ated subjectively using a preference test between our modification,
unmodified plain speech and SSDRC modified speech.

This paper is organized as follows: Section 2 describes the
database of clear and casual speech used for analysis and modifica-
tions. Section 3 introduces our proposed method of increasing the
intelligibility of plain speech while maintaining its quality. Section 4
presents the evaluations on the intelligibility and quality of modified
speech compared to casual speech and SSDRC modified speech.
Lastly, Section 5 concludes the paper.

2. SPEECH CORPORA

The corpora used on our analysis is the read clear and read casual
speech from the LUCID database [19]. Read casual speech was pro-
duced after instructing Southern British English normophonic speak-
ers to read meaningful and simple in syntax sentences “casually as
if talking to a friend” whereas for read clear speech the instructions
were to speak “clearly as if talking to someone who is hearing im-
paired” [19, 13]. Read clear speech shows more extreme changes
on certain acoustic-phonetic characteristics than spontaneous clear
speech [20, 13, 21] and appears to be more intelligible than sponta-
neous clear speech [22].

From the LUCID corpus 4 Male and 4 Female speakers are se-
lected to form our dataset. The dataset contains 60 sentences per
speaker and per speaking style. A preprocessing is performed on the
dataset. The preprocessing involves downsampling to 16k H z and
removal of lowpass noise from breath and lip effects, using a 5-order
highpass digital elliptic filter with 80H z cut-off frequency. Then,
this dataset is split in two parts. The first part is used as an analysis
dataset in order to extract the spectral differences between clear and
casual speech (dataset A). It contains 20 sentences per speaker and
per speaking style. Then, the second part (dataset B) is used as an
evaluation dataset and contains 40 sentences per speaker but only for
the casual speaking style. The intersection of the two datasets A and
B is null.

3. METHODOLOGY

The method proposed for the intelligibility enhancement of casual
speech is simple. First, we define which frequency bands are more
enhanced naturally on clear speech compared to casual speech. To
that purpose, the average smoothed spectral envelopes are estimated

for clear and casual speech on the analysis dataset A. The analysis
reveals larger differences on two frequency bands between clear and
casual. The information corresponding to these frequency bands is
isolated and added to the original casual signal with different weight-
ing factors. Then, the modified signal is normalized to have the same
energy as the original signal.

3.1. Analysis on clear and casual speech corpora

Clear and casual speech is analyzed in order to reveal possible dif-
ferences between the two speaking styles. However, unlike other
studies [10], analysis is performed on the whole signal and not only
on the voiced segments, accounting for the importance of the con-
sonants on speech intelligibility. Every clear sentence and its corre-
sponding casual is analyzed. The analysis is done on dataset A and
involves frame-by-frame estimation of the true envelope as proposed
by [23, 24] for the voiced segments and spectral envelope estimation
directly from the LPC analysis for unvoiced segments. The true en-
velope estimation is based on cepstral smoothing of the amplitude
spectrum. The cepstrum order is set to 10 in order to estimate an
overall energy of the frequency bands. For each spectral envelope,
the DC component is set to zero. Then, the spectral envelope is nor-
malized by its RMS to eliminate intensity differences between clear
and casual speech. The averaged spectral envelopes are computed as
the mean of all frames for each speaking style separately. Figure 1
shows the difference of the log average spectral envelopes of clear
speech minus casual speech. Positive difference suggests that the en-
ergy of clear speech is higher than that of the casual speech. As we
can see, clear speech appears to have higher energy in two frequency
bands, B1 = [2000, 4800] and B2 = [5600, 8000].
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Fig. 1: Difference of the log average spectral envelopes of clear
speech minus casual speech: clear speech has higher energy on two
frequency bands, B1 = [2000, 4800] and B2 = [5600, 8000].

3.2. Mix-filtering

The above analysis reveals an increased energy on clear speech com-
pared to casual speech on two frequency bands B; = [2000, 4800]
and By = [5600, 8000]. The method proposed on this paper for the
enhancement of the intelligibility of casual speech involves the iso-
lation of these important frequency bands By and Bz and then the
addition of their energy to the original signal with different weight-
ing factors for each frequency band. Hopefully, this addition will
boost the important frequency regions on casual speech, as it natu-
rally happens in clear speech.

For the isolation of the frequency bands a simple method is used.
Casual speech s is filtered with a 5-order bandpass digital elliptic fil-



ter with 0.1dB of ripple in the passband, and 60dB ripple in the
stopband and bandpass edge frequencies [2000, 4800]. The output
of the filter is signal s; which contains information on the B; fre-
quency band. Moreover, casual speech s is filtered with a 5-order
highpass digital elliptic filter with normalized passband edge fre-
quency f. = 5600Hz. The output of this filter is the signal s
which contains information on the frequency band B». Then, the
original signal s and the filtered signals s, and s2 are combined with
different weighting factors to form the modified signal y, which is
normalized to have the same RMS energy as original speech:
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where, Ymior 1s the proposed modified signal, N is the number of
samples of the casual signal s and y, and wo, w1, w2 are the weight-
ing factors of the signals s, s1 and s2, respectively.

The selection of the proper combination of the weights is impor-
tant both for intelligibility and quality. In [15] it has been shown that
high pass filtering speech above 1.5kHz increases its intelligibility
in noise. However, the absence of information on lower frequency
bands can degrade the quality of speech. Therefore, this informa-
tion is contained on the modified speech ym i r by choosing to keep
the original speech signal weighted by wo. Then, the selection of the
other two weights is inspired by clear speech properties. Specifically,
focusing on the energy differences between clear and casual speech
on Figure 1, it can be observed that the energy in B2 frequency band
is greater than that of By on clear speech than on casual speech.
Possibly, this happens because the energy of consonants is higher in
clear than in casual speech. Therefore, we choose w2 > w; to ac-
count for the slight higher energy difference of Ba frequency band
compared to B; between the two speaking styles.

Summarizing the above, the set of the possible weighting com-
binations can be described by the following equations:
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In order to select one proper weight combination {wo, w1, w2}
we consider wo as a dependent variable. Then, the two variables
w1, we can vary between (0, 1) respecting the restrictions described
by equations (3), (4) and (5). As we are interested on enhancing
the intelligibility of casual speech, the proper values {wo, w1, w2}
are those that maximize the intelligibility score of modified speech
compared to unmodified speech. To define these values, the casual
speech of dataset A is used as a training dataset. Specifically, the
casual signals of dataset A are modified using different weight com-
binations that satisfy the above equations. The intelligibility of the
modified sentences using the mix-filtering approach (mixF) and the
unmodified casual sentences is evaluated objectively on the presence
of low SNR (SNR = —10dB) Speech Shaped Noise (SSN). The
best combination of weights is the one that maximizes the objective
intelligibility difference of the modified speech minus the unmodi-
fied speech.

The objective metric used to predict intelligibility is the Glimpse
Proportion (GP) [17, 25]. The Glimpse measure comes from the
Glimpse model for auditory processing. As an intelligibility predic-
tor, the model is based on the assumption that in a noisy environment

humans listen to the glimpses of speech that are less masked. There-
fore, the GP measure is the proportion of spectral-temporal regions
where speech is more energetic than the noise.

Figure 2 shows for various weight combinations the difference
between the intelligibility score of mixF speech minus casual speech
given by GP. Note, that wy is not present as it is assumed from equa-
tion (3) to be the dependent variable. The optimal weight combi-
nation that maximizes this difference is {0.1, 0.4, 0.5}. The differ-
ence between the average smoothed spectral envelopes of the mod-
ified speech mixF that derives from this combination and the casual
speech is depicted on Figure 3. The important frequency bands are
boosted “stealing” from the lower frequency bands.
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Fig. 2: % difference of GP scores between modified mix-filtered
speech (mixF) minus unmodified casual speech. MixF is de-
rived using various weights combinations that verify equations (3),
(4), (5). The maximum difference is 7.78% and corresponds to
{'u)(), w1, wz} = {01, 04, 05}
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Fig. 3: Difference of the log average spectral envelopes.

4. EVALUATIONS

The modified casual speech derived from the mix-filtering approach
is compared in terms of intelligibility and quality with unmodified
casual speech and with SSDRC modified casual speech. The evalu-
ation of mixF in terms of intelligibility is done using two different
objective measures, the GP measure described above [17, 25] and
Distortion-Weighted Glimpse Proportion (DWGP) [18]. DWGP has
been shown to have a better correlation with subjective intelligibil-
ity evaluations than GP [18]. The DWGP measure computes the
correlation between frequency bands of clean speech and speech in
noise, weighting these correlations according to the importance of
each frequency band. The prediction of intelligibility is estimated
by the correlation which gives a measure of how much noise affects



the signal. Then, for the evaluation of the quality of speech a prefer-
ence test is made between three different speech signals.

4.1. Objective evaluations on intelligibility

On the testing dataset B, GP and DWGP scores are extracted for the
three categories of speech, casual speech, mixF and SSDRC modi-
fied speech. Speech Shaped Noise (SSN) of various SNR levels is
used for evaluating objectively the intelligibility of each category in
noise. Figures 4a and 4b depict the objective scores predicted by
GP and DWGP respectively for SNR levels varying from -10 to 4
dB. GP reports that the SSDRC outperforms in terms of intelligibil-
ity while our proposed scheme increases the intelligibility of casual
speech by 8% on low SNR. On the other hand, DWGP predicts that
the intelligibility advantage of our proposed method is more than
10% on casual speech on low SNR (—10dB) , approaching the in-
telligibility scores of SSDRC. Overall both objective scores predict
an intelligibility increase of our proposed scheme for every SNR,
with DWGP reporting intelligibility levels of mixF close to those of
SSDRC.
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Fig. 4: Objective scores for predicting intelligibility of each speech
category in speech-shaped noise: mean values and 95% confidence
intervals.

4.2. Subjective evaluations on quality

For evaluating the quality of our method, mixF, casual and SSDRC
are compared in quality using preference listening tests that have

been conducted without the presence of noise. 10 random distinct
sentences from dataset B were presented to 18 listeners. Each sen-
tence was modified by SSDRC and mixF and was heard 6 times, two
times for each pair {casual-mixF, mixF-SSDRC, SSDRC-casual}.
Listeners had to select from -3 to 3 the degree of preference be-
tween those pairs in terms of quality with O corresponding to the
same quality and 3 (-3) to the much better (worse) quality of the
one signal compared to the other. Despite the fact that the energy of
the signal was the same for the three categories, the loudnesses was
higher for SSDRC and mixF. Therefore, all signals were normalized
in loudness using ACTIVLEV (ITU-T P.56).

Figure 5 summarizes the scores of preference of each category
against the two others. Confidence intervals are also provided. As
we can see, casual and mixF appear to have similar scores of pref-
erence whereas SSDRC gives negative quality scores against the
other two categories, casual and mixF. The proposed mix-filtering
approach preserves the quality of casual speech.

mean preference score

casual SSDRC mixF
Fig. 5: Subjective quality evaluation: mean values and 95% confi-
dence intervals of the preference scores of each category against the

two others.

5. CONCLUSIONS AND FUTURE WORK

We propose a simple method for increasing the intelligibility of
casual speech while preserving its quality. Our method, called
mix-filtering, applies a multi-band filtering on casual speech, iso-
lating information from important frequency bands indicated by
clear speech. Then, the filtered signal is added to the original signal
boosting the energy of these frequency bands. Therefore, it does not
require frame-by-frame modifications and does not introduce pro-
cessing artefacts. Objective evaluations that predict the intelligibility
of speech in noise show an intelligibility increase compared with
unmodified casual speech. As the proposed method is less intrusive,
the intelligibility benefit is less compared to SSDRC. However, un-
like SSDRC, the mix-filtering approach does not degrade the speech
quality, as reported by subjective quality tests. A possible intelligi-
bility increase from the combination of our proposed method with
other spectral and/or temporal modifications is to be explored in the
near future.
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