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ABSTRACT

Speech polarity is crucial in many speech processing fields.
We present a novel method to determine polarity of speech
signals from gradient of spurious glottal waveforms. We
use the iterative adaptive LPC inverse filtering to cancel
effect of vocal tract transfer function while maintaining
the most properties of source excitation. Then we take
the first-derivative (gradient component) of spurious glot-
tal waveforms to capture the sharp gradient near the glot-
tal closure instant. By using the gradient components of
the spurious glottal waveforms. we detect speech polarity,
1.€., the polarity of glottal waveforms, by finding whether
the glottal closure instants are located above or below the
zero-line. Furthermore. a frame-based decision technique is
applied to get robust results. Experimental results with a
wide variety of speech utterances reveal a high performance
and the computation complexity is much more less than a
previously proposed method.

1. INTRODUCTION

Polarity of speech signals may be disturbed (up-down in-
versed) by the recording equipment or in transition chan-
nels. In the research areas of speech processing such us
epoch detection based on the instants of glottal closure [1],
joint estimation of voice source and vocal tract parameters
(2], two-channel speech (voice and EGG signals) analysis
[3]. pitch mark detection of PSOLA synthesis technique [4].
etc., polarity detection of speech waveforms should be con-
sidered. Tt is obvious that for epoch detection using glot-
tal closure instants of LPC inverse-filter signals, unreliable
results can be obtained if speech signals with negative po-
larity (up-down inversed) are analyzed. In our phoneme-
based concatenative speech synthesis system [3], the speech
databases may be collected from a wide range of sources.
Special attentions should be paid to speech polarity. since
pitch marks extracted from speech signals with positive po-
larity arc different to those of negative polarity. The con-
nection of speech units with antithetic polarity may cause
the boundary discontinuity in the synthesized speech.

The definition of polarity stems from the glottal volume
velocity waveform generated from the vocal cords. which
has an asymmetric structure, i.e., a round curve from glottal
opening instant following a sharp return near glottal closure
instant (GCI) as shown in Fig. 1. The derivative glottal
waveform is used to approximate the lip radiation charac-
teristics when we assume the speech production process to
be a linear combination of voice source. vocal tract and lip
radiation. Positive polarity means that GC'Is are in their
normal positions. i.e., GC'ls are located below zero-line as

the negative peaks of the derivative glottal waveforms.

T'his asymmetric attribute of the glottal waveforms can
also be observed in the speech signals. In most cases, in-
stead of auto-detection, the polarity of speech signals are
usually judged by visually inspecting the speech waveform.
But this may be a tedious processing when a large amount
of speech data present and introduce unstable subjective
factors. A method has been proposed to estimate pitch
epochs and polarity from speech signals with dynamic pro-
gramming technique. but it suffers from a time-consuming
search [6].
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Figure 1. Description of typical glottal volume ve-
locity waveform.

We aim to realize a reliable and fast speech polarity detec-
tion based on the asymmetric attribute of spurious glottal
waveforms. In order to get the glottal waveform, the lAIF
(Tterative Adaptive Inverse Filtering) method has been pro-
posed [7]. We modified and implemented it as one part of
our proposed method. The output of inverse filtering pro-
vides a noisy derivative glottal waveform, and a low-pass
filter is used to cut the noise component. Then we take
gradient of the spurious glottal waveform and capture the
position of the glottal closure instant. Finally we make
decision by checking whether the glottal closure instant is
located in its normal direction or not.

2. ANALYSIS FRAMEWORK

The overall framework of detecting speech polarity is il-
lustrated in Fig. 2. The strategy is to find the polarity
of the spurious glottal waveform which is the same of the
corresponding speech polarity. In a brief summary of the
process, the recorded polarity-unknown speech signal s(n)
is analyvzed by LPC and the coefficients of the vocal tract
transfer function is obtained. After inverse filtering. the
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Figure 2. Framework of polarity detection ap-

proach.

noisy output v(n) is filtered by a low-pass filter to can-
cel its noise component and the spurious glottal waveform
SG(n) is obtained. Then we take the first derivative (gra-
dient component) of SG(n) and get the absolute value of
the gradient spurious glottal waveform AGSG(n). Finally,
the polarity of SG(n) is determined using both SG(n) and
AGSG(n). All these procedures will be described detailed

in the following sections.

2 1. SPURIOUS GLOTTAL WAVEFORM

to b(z an auto regresslv (AR) model, (1|>0 known as LP(_,

model:
P

s(n):Zais(n — 1) + Gu(n), (1)

=1
where s{(n) is a speech sample at time n, #(n) is a normal-
ized excitation and G is the gain of the excitation. The

coefficients g4 . a»..--.a, are assumed constant over a nre-

CeenaIenis 43, az. .y aIc as a pre

defined analysis frame. By taking the z-transform of (2) we
get the transform function
S(z) 1 1

B =arm=—=2 - 5 @

The digital filter provides approximation of the vocal tract
acoustic properties over the analysis period.

Inverse filter analysis is employed to devise a filter oper-
ating on the acoustic speech signal which reverses the trans-
form performed by the vocal tract. revealing glottal airflow
siocnal (8]

signal [8].
v(n) = s(n)+mv(n—1)+ase(n—2)+---+apr(n—p). (3)

The TAIF (Iterative Adaptive Inverse Filtering) method
[7] has been proposed to get the inverse-filtered signals from
speech. [ In order to speed it up. the method is modified
by just taking the preemphasis of speech signals instead of
Ist-order LPC and inverse-filtering. The whole procedure
is iliustrated in Fig. 3. It proceeds in a pipe-in and pipe-
out way and the first step is replaced by only using the
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Figure 3. Block diagram of the modified IAIF ap-
proach.

preemphasis of speech signals. This modification has been
shown to produce a reliable estimation while reducing the
computation compared to the original one.

But #(n) is usually noisy because the uncorrect inverse fil-
ter scttings and the noises embedded in the speech signals.

To remove the noise component of n(n\ a low-pacs filter
rem the not 1p< pass Dilter

(LPF) with cutoff frequency 1000 Hz is deq]gned to cut off
the noise frequency. At this moment. the filtered slgndl is
called spurious glotial waveform SG{n) since it contains the
main waveform properties of the glottal waveform. Figure
4 (b) and (¢), respectively, shows an example of the inverse
filtered waveform and the spurious glottal waveform after
eliminating the noise component of v(n). We can see that
SG(n) is stable in its low frequency domain and has distin-
guishing waveform feature (sharp gradient) ncar the glottal
closure instant. The next step is to chardcle‘rizo the sharp
gradient and to determine the pclar“" tha hether the
position of the glottal closure instant is above or below the
zero-line.
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{d) Absolute Value of Gradient Glottal Waveform. AGSGIn

Figure 4. (d) Speech waveform s(n) with positive
I)()ldl‘lty (b) inverse-filtered waveform z(n). (c¢) the
spurious glottal waveform SG(n). and (d) the abso-
lute gradient value of SG(n).

2.2. POLARITY DECISION

In order to judge the polarity of the glottal closure instant.
we take the absolute value of gradient of the spurious glottal
waveform AGSG(n) as follows.

) = abs{derie(SCG(n)) (4)
= abs(SG(n) — SG(n —1)) (5)



An example of the gradient waveform of the spurious glottal
waveform is shown in Fig. 4 (d).

[t can be observed that the prominent peaks of AGSG(n),
P(1). P(i+1).---. occur around the glottal closure instants
of SG. V(1),V(t+1),---. This is because that the gradient
component near the glottal closure instant is much larger
than other places in SG(n}. We deduce from the above
observation that the speech polarity is positive when the
peak of AGSG(n) is closer to the negative peak of SG than
the positive peak, and vice versa.

The pitch-svnchronous polarity decision can be formu-
lated as:

positive il dist(P(1) agsainys V(D) sa(ny) <
P= dlgf(P( ) GSGin}~ (2):(7(71;) (6)

negative otherwise

where P denotes speech polarity of a pitch period.
dist(P(i) sGsain)- V_(i),;r_,-(,,))__denol.es the time distance be-
tween the peaks P(1) of AGSG(n) and the negative peaks
V(i) of SG(n). The pitch and voice/unvoice features are
extracted with a normal method described in [2]. Now the
pitch-synchronous polarity decision can be made based on
the above equation. But according to the phonation varia-
tion in an utterance, there may exist some segments without
the sharp return phase in the source excitation . e.g.. the
end part of an utterance, the polarity detection of these
segments becomes quite difficult. Thus we have to consider
an approach to deal with this kind of situation. In the next
section, we adopt a frame-based technique to get the robust
decision.

2.3. FRAME-BASED DETECTION

In one utterance, the polarity is a constant value every-
where. If we can find a criterion that can be used to search
for the most reliable segment in the utterance for polar-
ity decision, then the other scgments can be ignored. But
unfortunately, making such a criterion seems to be a quite
difficult task. As an example, Fig. 3 illustrates a transition
segment of a male utterance with negative polarity. In this
case, there are two main peaks of AGSG(n) before and after
the transition part, and both of these peaks are close to the
positive peaks of spurious glottal waveforms SG(n). But
in the transition part, the peaks of AGSG(n) become quite
ambiguous to make a reliable decision. Due to the phona-
tion type and its dynamic changes in human speaking. this
kind of tough segments alway exist.

In order to reduce the influence of such unreliable seg-
ments on polarity detection. a robust approach considered
in this paper is to separate the utterance into many frames
and make the frame-based decision using (6). For a frame
with several pitch periods, the polarity decision of the frame
is made by the majority of decisions of pitch-synchronous
positive and negative polarity. Then each frame has a value
of polarity. For the whole sentence, the polarity is made us-
ing the same philosophy, the majority of the frame numbers
with cither positive or negative polarity. In such a way, one
unreliable segment with many pitch periods may produce
only one bad decision and has little influence on the final
decision.

positive  if count(Positive( framey) <
count(Negative, frame)) (7)

negative otherwise

Polarity =

where Polarity means the final judgement of the whole sen-
tence. Positive( frame) means the frame detected to be pos-

itive polarity (positive frame). Negative(framey means the
frame with the negative polarity (negative frame). Then
we count the number of the positive and negative frames.
and the polarity of the sentence is decided based on the
majority. The frame length is N¢f.m; and the shift length
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Figure 5. (a) Speech waveform s(n) of a male voice
with negative polarity, (b) inverse-filtered waveform
v(n). (c) the spurious glottal waveform SG(n), and
(d) the absolute gradient value of SG(n).

is N(.ny:) as shown in Fig. 5.

3. RESULTS AND DISCUSSIONS

Since the behavior of source excitation of a female voice
{short return phase) are usually quite different from that of
a male voice (relatively long return phase), it is meaningful
to inspect an cxample. Figure 6 shows a segment of a female
voice with positive polarity. Tt can be seen that the spurions
glottal waveform has a round curve (short return phase)
near the GGC'I. Since the gradient around the GCI is still
very strong than the glottal open phase, the speech polarity
still can be detected as positive.
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Figure 6. (a) Speech waveform s(n) of a female voice
with positive polarity, (b) inverse-filtered waveform
v(n). (¢) the spurious glottal waveform SG/(n). and
(d) the absolute gradient value of SG(n).

In order to evaluate the proposed method, lan-
guage/speaker variations and recording cnvironments are



considered in the experiments. We use several ATR speech
databases of Fnglish/Japanese spoken by male/female
speakers, which werc collected from varied sources. Part of
the speech signals were %ampled at 12 kHz. and the others
were sampled at 16 kHz. The polarity of all the sentences
has been checked by human inspection beforehand and used
in the evaluation. We set N ., = 80ms and Ny = 40ms,
used in (7).

Table 1 gives a fragment of frame-based polarity decision
(positive v.s. negative), from which we can investigate the
stages of how the polarity decision being made. From the
table, it can be obscrved that the final decision is achieved

hased onn the m m
based on the majority of the frame numbers in positive or

negative polarity. This indicates that even if some segments
are difficult /failed to be detected or even with a wrong pitch
estimation. the final result can be correct using (7).

LADIC Lo A D ACANTIVIINIIN 4 /X

LARITY DECISION OF SPEAKER s
LEFT TO RIGHT : FILE NAME, NUMBER OF
FRAMES JUDGED TO FPOSITIVE POLARITY,
NUMBER OF FRAMES JUDGED TO NEGA-
TIVE POLARITY, THE FINAL RESULT OF THE

SENTENCE.

Tahla1. A RPRACMENTORF R AT\/TF‘.,BA‘SED PO-
sa

scl40.wav 67 :

4 Positive
scl41.wav 67 : 5 Positive
scl142.wav 60 : 4 Positive
sc143.wav 57 : 5 Positive
scl44 wav 42 : 2 Positive
scl45.wav 47 : 8 Positive
scl146.wav 55 : 8 Positive
scl47.wav 53 : 5 Positive
scl48.wav 57 : 9 Positive
sc149.wav 52 : 2 Positive

sc150.wav 48 : 11 Positive
scl151.wav 32 : 8 Positive

The results of all the databases are shown in Table 2.
Based on the above frame-based results, cvery speaker has
a score in sentence number of correct and wrong decision.
The accuracy of one speaker is computed as the percentage
of the correct decisions divided by the number of the ut-
terances. The results show a high performance obtained by

lhn nroposed method Th
tne propc metnoed. |

yugh the investigation of those

wrong-decision sentences, it is shown that the cause may
come from the soft-like voices and the incorrect inverse-
filtering settings.

The average running time of the algorithm in sentence
level is 0.6 real-time, that is nearly 10 times faster than the
method in [6], on a SUN sparc 20 workstation.

4. CONCLUSION

We have proposed a fast and robust method to dcal with the
detection of speech polarity using gradient of IPC inverse-
filter signals. which takes the advantage that there is usually
a sharp gradient of the spurious glottal waveform ncar GCI.
The modified adaptive inverse-filter approach was shown to
possess the ability of providing a stable estimation of the
spurious glottal waveform. The sharp gradient was cap-
tured by using AGSG{n). Robust estimation was realized
by using frame-based d(,(,lslon. From our experiments, we
used multi-language, multi-spceaker speech databascs and

Table 2. POLARITY DETECTION RESULTS OF

MULTI-LINGUAL, MULTI-SPEAKER SPEECH
DATABASES.

LANGUAGE | SPEAKER | UTTERANCE | ERROR" | ACCURACY
English gsw 200 3 98.5
sally 200 0 100
Japanese MHN 503 0 100
MHT 503 0 100
MTH 378 14 99
FKT 503 14 99
FMP 503 0 100
FKS 503 0 100

FERROR"® means the utterances with the wrong decision.

the results showed a reliable detection of speech polarity
with the frame-based decision. The results also indicated
the fact that since the glottal waveforms change a lot ac-
cording to the voice phonation or speaking style, the ac-
curacy of detecting speech polarity based on inverse fil-
tering may be affected by these lactors. Voices of normal
pll()lldlll)ll aiid stress orf pi‘6-<:§t‘—‘u puuuauuu type lnuahv pos-
sess the typical glottal waveform with a sharp return phase
near GC'Is, while the breathy and harsh voice usnally has a
ronnd curve around GC'/s. Therelore. the proposed method
is expected to vield a robust and accurate estimation of the
polarity of normal or pressed voices.
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