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ABSTRACT

Electroglottography [1] provides a nonin-
vasive perspective on vocal fold behaviour with-
out influences from speech articulation. The Lx
signal (the changes of the laryngeal conductance)
contains not only reliable information about fun-
damental frequency, but also more detailed infor-
mation about the voice quality, which may be
used to differentiate modes of vocal fold activity.
An attempt to use the Lx signals in classification
of various phonation types is described, using not
only the temporal structure of signal, but also
description of the Lx signal shape. The Lx signal
was represented using a wide set of parameters
and then classified for four phonation types using
the rough sets approach [7] and statistical discri-
minant analysis. The classification rules and sub-
sets of the most important parameters were also
determined, showing the importance of both,
time and shape, parameters for the Lx signal clas-
sification.

MOTIVATION

The voice quality can be thought of as
deriving from two main sources: the anatomical
and physiological foundation of a speakers vocal
apparatus and the long-term muscular adjust-
ments - settings of the speaker’s larynx and
supralaryngeal vocal tract [5]. The phonation
types (settings of the larynx) are of a special
interest in the voice quality assessment. The type
and the sequence of vocal folds vibration activity
decides about the form of the excitation and
resulting resonant response of the vocal tract. The
duration and quotient of the open and the close
phases in the vocal fold vibration contributes
strongly to the overall voice quality. The direct
observation of the vocal folds behaviour in non-
invasive and articulatory neutral manner is rather
impossible, so some indirect methods are used
(high-speed filming, ultrasound imaging). The
electroglottography seems to be the most suitable
method for voice quality analysis, because of its
reliability, its simplicity of use and its well veri-
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fied matching of the timing of vocal fold vibra-
tions ([1],[2]). The Laryngograph [2] processor
measures the electrical conductance between
electrodes situated both sides of the speaker’s
neck, so in fact the real movements of vocal folds
are indirectly observed through changes of the
electrical current flow. The signal represents the
relative contact area of the vocal folds [1]. The
quantitative assessment of voice quality was done
rather rarely and was based mainly on the timing
properties of the pitch signal filtered from the
speech signal [3]. The Lx signal is often used as a
reference signal for the pitch frequency determi-
nation [2]. The shape of the Lx signal seems to
cover additional information about the phonation
type. To prove this the described experiment was
carried out and a rough sets classification was
used to find the most important factors of the
voice quality classification. The recordings of the
Lx signal were segmented into voiced segments
and then into single periods. Each period was par-
ametrised and the parameters were used in the
classification of the signals.

THE LX SIGNAL SEGMENTATION

The phases of the Lx signal are pre-
sented in Fig.1. As the vocal folds are separated
the current flow through electrodes is minimal,
because of high impedance of the air. When the
vocal folds are closing, the flow of the electric
current grows, achieving maximum by complete
contact of vocal folds (minimum of impedance,
because tissue impedance is much smaller than
the air). Despite of its simple form, it is not easy
to segment the Lx signal into the single pitch
periods. The additional signal coming from the

vertical movements of the larynx (the Gx signal) -

affects the base line of the Lx and may vary quite
rapidly, making impossible the use of any simple
methods of pitch period determination like zero-
crossing or thresholding of the signal amplitude.
The thresholding of the first derivative of the Lx
may fail in the case of breathy or creaky voices,
but also during the rapid movements of larynx in
modal voices. The proposed algorithm, in con-
trast to earlier proposals [4], uses raw, unfiltered
data to retain undistored shape of conductance
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changes.

Fig.1. Phases of the Lx signal period: closing phase - the
signal increase between 1.1min and 0.9max of the signal,
close phase at 0.9 of signal amplitude.The opening and
the open phases are defined in the same manner.
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Two methods of the segmentation were tested. The first
one uses a moving average (MA) estimator to find the
base-line course. The crossing points of the Lx signal
with the MA estimator were used as pitch-periods indica-
tors and markers were set at this position. The problem
was to find an appropriate length of the MA model to fit
well the long-term properties of the Gx, leaving only the
Lx part of the input signal. The window length of 10 ms
was found as the proper one. The very rapid changes of
the Gx signal were not recognised, but they took place
very rarely and were removed at the next stages of the
segmentation. Markers of the start and the end of the Lx-
period accidentialy set on the signal disturbances are
removed, if the neighbours pairs are appropiately longer
and stronger.

The second method was based on the recognition of the
local minimum-maximum pairs. In the first pass of the
algorithm markers were set at the positions of the local
maxima. Thresholding in the time domain (markers
should not be set at close peaks, the minimal temporal
distance between peaks is. defined through maximal
allowed FO frequency) and the amplitude domain (mark-
ers are set at the maxima with appropriate amplitude) was
used to avoid the false assignment of markers. Additional
markers are set at the positions of local minima and the
pairs of minimum-maximum markers are formed. The
positions and amplitudes of such a pair are compared
with their neighbours, and, when they are significantly
weaker and shorter, they are attached to stronger pairs
(for example, it may occur in creaky or laryngealized
phonation). The next steps of segmentation are common
for both methods and are described in [6]. The threshold-
ing and analysis of differences between pitch periods in
voiced segments are used to improve the quality of seg-
mentation.

THE LX SIGNAL PARAMETRISATION
Every pitch period is,found and described using
six straight lines to model every phase of the pitch period
(Fig.2.). Such an idealisation of the Lx-signal was moti-
vated by Baken [1], who shows, after Childers, the physi-
ological interpretation of the idealized waveform. The
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start of closing phase (segment (a) on Fig.2) is deter-
mined through the position of peak change of the current
flow (the steepest grow of the Lx). The close phase is
approximated at the 90% level of the overall signal
amplitude (segment (b)) and, at 10% of the amplitude,
the start of the open phase is found (segment (e)). The
end of closing phase ((c) in Fig.2) / start of opening ((d))
is more difficult to find, especially due to rapid move-
ments of the larynx or slow openings of the vocal folds.
Under the assumption that the opening starts at the same
conductance level as the beginning of the closing phase,

. the time instant is found at the crossing point of the Lx

with the straight line connecting the closing phase mark-
ers of the two following pitch periods. (dotted line in
Fig.2). For every pitch period, not only the coefficients of
straights are found, but also the deviations of the true
waveform from the idealised segments. The deviation
corresponds to the non-linearity of the vocal folds contact
changes (the deviation coefficients are shown in Fig.3).
Additionaly, the average shape is found using averaging
of Discrete Cosines Transformation and the overall devi-
ation from this shape is computed (the SS parameter).
The timing properties of the Lx signal were found for
pitch periods (T0) and for relative differences between
successive periods (AT0), defined as

2(10,-70,, ;) [31.

(T0,+70,, )

ATO =

For pitch periods mean, median, standard deviation
(TSt), kurtosis (TK), skewness, min, max and asymme-
try:

s = (Doo* Doy —2Med)
s =
(Dgg = Dyy)

where D denotes appropriate decile, Med - median, were
computed. To characterise the relative difference ATO
following parameters were used: min, max, median,
standard deviation. After [3] the dispersion, defined as
the difference between 0.75 and 0.25 deciles, was also
used for ATO description.

The open quotient (ratio of the open phase duration to
pitch period duration) and the variation of the Lx phases
timings are computed, too.

The parameters were averaged and normalised for every
voiced segment. The deviations from linearized shape are
normalised as:

X (parameter) 2

——T =
parameter = & (segments length)

The description of segments was then reduced to form a
parameter vector describing the whole record of a given
speaker. After all, the vector of 25 parameters was used
for each speaker.

THE EXPERIMENT
Four groups -of four speakers with different
voice qualities (normal voice, breathy voices, creaky

1730



voices and Parkinson patients with breathy, but also
asthenic voices with high jitter) are analysed. The record-
ings were about 20 seconds in length and contained the
repeated plosive-vowel connections (/Panne/, /Tane/). All
recordings were fully digital, i.e. direct to computer disc.
For all recordings the parameters mentioned were com-
puted. In case of Parkinson speakers two recordings were
rejected due to poor quality (very small amplitude of Lx

signal) and replaced by others!.

Rough sets

Introduced by Z. Pawlak, the rough sets are one
of the techniques to identify and recognise patterns in
data. The method is especially useful in case of uncertain
and incomplete data, where most of the other methods
fail. The rough sets incorporate into the classification
space the approximation regions, allowing reasoning also
in non-deterministic cases by a given degree of rough-
ness (see [7] for detailed description of the method and
its applications). The level of detailed description is rang-
ing from O - fully detailed description, to 1 - maximally
rough. The relationships between data are given in form
of rules and additionally the attribute strength report is
given, providing information about importance of factors

used in a rule?. In other words, the rough sets theory
allows to eleminate the redundant information from the
parameter space finding the the most important directions
in classification space. Rough rules show the general pat-
terns in the data. The rule probabilty threshold may be
defined (ratio of the number of cases positive to the rule
to all cases matching the rule), which gives an additional
possibility to handle the inprecise data and to gain a bet-
ter view of the classification problem.

As a validation of rough sets classification linear discri-
minant analysis (LDA) was used. The LDA finds a statis-
tically optimal linear combination of factors for the given

data classification?, i.e. with respect to given categorical
variable. For every case the LDA gives the probalibilty of
fitting the case to a given group.

RESULTS

The following classification rules setup of the
rough sets was chosen: roughness=0.4 and rule precision
treshold=0.85 (rule probability threshold). Under this
setup, the full decision coverage was achieved, what
means that all cases were properly classified. The
attribute strength report was generated for each rule,
showing relative importance of the factors (which factors
are important to classify cases to the given class). The
results are given in the Table 1. The validation of rules
was tested using leave-one-out method. The overall clas-

! The Lx recording fails for very silent, asthe-

nic voices [4], [6].

2 DatalLogic/R from Reduct System Inc. was
used.

3 Results are obtained using SPSS/PC, SPSS
Inc.
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sification was verified by the Linear Discriminant Analy-
sis and also here the perfect classification was achieved
(for every case only one probability of belonging to a.
group was not equal to 0 and this probabillity was in all
cases equal to 1).

Both proposed methods of the Lx segmentation work
fine, showing minor differences in localization of pitch
periods. Severe errors took place at the beginning of
voiced segments, where the Lx signal is sometimes dis-
turbed (first period of the vocal folds vibration differs in
amplitude and duration from the next). Only few errors
are caused by rapid changes of the Gx signal, but for
weak Lx-signals the error rate may be high.

CONCLUSIONS

In the described experiment perfect classifica-
tion of data was achieved. Especially interesting are rules
generated by rough classification. They show significant
difference between groups. The minimal set of parame-
ters needed to form the rules differentiating the voices
rely not only on time-domain parameters, but also on
shape descriptions. The strongest parameters were: DCT
spectrum variation, kurtosis of FO distribution, variation
of close duration and linearity of close and open phases,
stability of closing and close/open ratio. This reult con-
firms the expectation, that the shape of Lx signal is useful
for the classification of phonation types. To perform more
precise validation of the method the experiments should
be repeated on more representative sample of voices and
more classes of voices should be examined (for example
the GRBAS classification).
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Fig.2. The linearization of the Lx shape. The end of close phase / start of opening is found using interpolation of the start of
closing phase of the next Lx period (dotted line).

Fig.3. Parameters of the shape of the Lx signal. The abbreviations are used in the rules in Table 1 and explained in the legend

to Table 1.
CIL
Table 1: Rough sets rules for voices classification
. Attribute
Voice type strength Rule
modal voice | SS=0.91 (3860 < SS < 4388) & (TK <=-1.97)
TK=0.86
breathy SCIV=0.85
voice TK=0.78 (SCIV>0.01) & (-1.91<TK<-1.52)& (2.33<CIL <3.38)
CIL=0.7
creaky CIL=0.66 ((158<TSt<194) & ((CIL <2.1) OR (CIL>3.9))) OR
voice T05=0.54 ((T05>13.4) & ((SOV<2.2) OR (SOV>4.4))) OR
TSt=0.51 ((T05>13.4) & (158<TSt<194) & (2.33<ClIL<3.38)) OR
SOV=0.49 | ((158<TSt<194) & ((2.1 <CIL <2.3) OR (3.38< CIL <3.9))
Parkinson OpL=0.69 | ((9.1<OpL<25.8) & (7.4<T05<14.6)) OR
S$5=0.56 ((3156<S5<3684) & (7.4<T05<14.6) & (CIL>2.1))
T05=0.55
CIL=0.5

Abbreviations: SS- deviation from shape avereged using DCT, TK- TO kurtosis, SCIV - Start of Closing Variation, CIL - Close
phase linearity, TO5 - TO mdeian, TSt - TO standard deviation, SOV - Start of Opening Variation, OpL - Open Phase Linearity
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