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ABSTRACT 

Speech po1arit.y is crucial in many speec:t~ processing firlds. 
\Ve present, a nowl method to detrrrnine polarity of speech 
signals from gradient of spurious glot.t,al wavcsforms. VVe 
u&e t,he iterative adaptive LPC inverse filtering to cancel 
c:ff’ect of vocal t,ract transfer function while maintaining 
the most properties of source excitation. l’hcr~ we take 
the first-derivative (gradient. component) of spurious glot- 
tal waveforms t,o capture thr sharp gradient. near the glot- 
tal closure inst,ant. Hy using the gradient components of 
the spurious glottal waveforms. we det.ect, speech polarit!‘, 
i.e.. the polaiity of glottal waveforms, by finding whether 
the glot.tal closure instants are located above or below the 
zero-line. Furt hc~rmore. a frame-based decision technique is 
applied to get robust rcssult,s. Experimental resu1t.s with a 
wide varict,y of spc,t:c:h utterances reveal a high performauce 
and the c.omputation complexity is much mart: Ic+ than a 
previously proposed method. 

1. INTRODUCTION 

Polarity of speech signals may be dist urt’cd (~~~~-tiowr~ in- 
versed) by the recording equipment, or in transition chan- 
ncls. III t hc: research areas of speech processing such us 

epoch d(:t,ec:t.ion based on the instants of glottal closure [I]. 
joint estimat.ion of voice source arid vocal tract parameter5 
r~], two-channel speech (voicr and E1C;C.i signals) analysis 
[s]. pitch mark detectCon of PSOI,:1 synthesis technique [4]. 
etc.. polarity detection of speech waveforms should tw COII- 

sidered. It is obvious that, for cpoc:h detection using glot- 
tal closure instants of LPC inverse-filter signals. unreliable 
results can be obtained if spcrch signals wit.11 negative po- 
larity (up-down inversed) are analyzed. In our phoneme- 
based concatenatire speech synthesis syst,em [s]. thr spc:c:c.h 
databases mav be collected from a wide range of sources. 
Spc4al at,t.cnt.ions should br paid to spt:cch polaritv. since 
pit,ch marks cxtrac.t.4 from speec:h signals with posifive po- 
larity arc diff(~rc~nt. t.o those: of negative polarity. The con- 
nc%c.tion of spc:c:ch units with antithetic polarity may cause 
t tic\ boundary discontinuity in the synthesized speech. 

‘I’hr definit.ion of polarity stems from the glot,tal volume 
velocity waveform generat,ed from the vocal cords. which 
has a11 asymmetric struct ure, i.e., a round curve from glottal 
opening inst.ant, following a sharp return near glottal c-losurr 
instant (C;Cf) as shown in Fig. 1. The derivative glott,al 
waveform is used to approximate the lip radiat.ion charac.- 
tcrist.ics wticri wc ashumc t tic: speec~ti production process to 
bc a linear combination of voice source. vocal tract and lip 
ra.diation. Positive polarity means that CXls are in their 
normal positions. i.t:.. C;C‘ls are located below zero-line as 

the negative peaks of the derivativr glot tat wavcforrns. 
‘I’his as?;mmrtric attribut.e of the glottal waveforms can 

also be observed in the speech signals. In most cases. in- 
stead of allto-d(~tc,c:tion. the polarity of speech signals are 
usually judged t’y visually inspecting the speech waveform. 
But this may be a tedious processing whc:n a large amount 
of speech data present and introduce unstablr subjective 
factors. .L\ method has been proposed to c~st.imat,o 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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Derivative Glottal Waveform 

Figure 1. Description of typical glottal volume ve- 
locity waveform. 

\Te aim to realize a reliable and fast speech po1arit.y detec- 
tion based on the as)-mmetric at.t.ributr of spurious glottal 
waveforms. In order to get the glottal waveform: the IAlE 
(Iterative Adaptive Inverse Filtering) method has been pro- 
posc~i [7]. M’e rnodificd and irnplemcntt~d it as 011c part, of 
our proposed method. ‘l’he 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 bv checking whether the glottal closure instant, is 
locatrd in’its normal dirrct,ion or not. 

2. ANALYSIS FR.AMEWORK 

The: ovctrall framework of dctccting sprcch polarity is il- 
Iustratcd in Fig. 2. The strategy is to find the polarit! 
of ttic: spurious glottal waveform which is t.hc sarnc: of t.h(> 
corresponding speech polarity. In a brief summary of the 
process. t.he iecorded polarity-unknown speech signal s(n) 
is analyzed by LPCI and the coefficients of the vocal tract 
transfer function is obtained. .\fter inverse filtering. t,he 
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Figure 2. Framework of polarity detection ap- 
proach. 

noisy output I is filtered bp a low-pass filter to can- 
ccl its noise component and t,he spurious glottal waveform 
SC;(n) is obtained. Then we take the first derivative (gra- 
dient component) of *SC:(n) and get the absolutes value of 
t.he gradient. spurious glott.al waveform AG.SG(n). Finally. 
the polarity of .5C( 11) is determined using both SG( n) and 
:lC.S’G(n). All t.hese procedures will be described detailed 
in the following sect.ions 

2.1. SPURIOUS GLOTTAL WAVEF0R.M 

.To do LI’C analysis. sprech production process is assumed 
to bc an auto-regressive (XR) model. ills0 known as LPC 
model: 

P 

s(n) = C ~~~(73 - i) + Gs( rh): 

I= I 

(1) 

where s(n) is a speech sample at time n, u@) is a normal- 
ized excitation and G is the gain of the excitation. The 
cocfficicnts (~1, ~2. ap are assumed constant over a pre- 
defined analysis frame. Ry taking the r-transform of (2) WC 
get the transform function 

c=l 

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

Inverse filt.er analysis is t:mployd to devise a filter oper- 
ating on the acoustic speech signal which reverses the trans- 
form prrformrd by the vocal tract. revealing glottal airflow 
signal [8]. 

v(n) = s(n)+u,?~(n-l)+fL.L7’(rl-22)+.‘.+uy2’(n-~). (3) 

The IXIF (Iterative Xdaptivc Inverse Filtering) met,hod 
[7] has been proposed to get thr invrrsc-filtered signals from 
speech. I In ordrr to spcrtl it up. the method is modified 
by just, taking the preemphasis of spc:c~~h signals instead of 
Ist,-order LPC a.nd inverse-filtering. The whole pro& urr 
is illusrrated in Fig. 3. It proceeds in a pipe-in and pipe- 
out way and the first, step is replaced t)y only using the 
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Figure 3. Block diagram of the modified IAIF ap- 
proach. 

prcemphasis of speech signals. This modification has bc*rn 
shown t.o produce a reliable estimation while reducing the 
computation compared t.o the original one. 

But t?(n) is usually noisy because the uncorrect. inverse fil- 
ter srttings and the noises embedded in the speech signals. 
To remove the noise component. of I. a low-pass filter 
(l.l’F) with cutoff frequency 1000 Hz is designed to cut, off 
the noisc: frcqucsncy. At this moment. t.he filtered signal is 
called spurious glottal wa\,ef?orrrr SC:(M) since it contains the 
main waveform properties of the glottal waveform. Figure 
4 (b) and (c), respectively. shows an example of t.hct invcsrsc: 
filtc~rc~d waveform and the spurious glottal wavdorm after 
eliminar.ing the noisrs component of z!(n). IVe can see t.hat. 
SC(n) is stable in its low frequency domain and has rlistin- 
guishirlg waveform feature (sharp gradient ) near t.hc, glottal 
closure instant. ‘The next step is t,o characterize t hc: sharp 
gradient and t.o det,ermine the polarity that is whttt hcsr the 
position of the glottal closure instant. is above> or below the: 
zero-line 

Figure 4. (a) Spetx:h waveform s(n) with positive 
polarity. (b) inverse-filtered waveform c(n). (c) the 
spurious glottal waveform .SC(n). and (d) the abso- 
lute gradient value of SG’( II). 

2.2. POLARITY DECISION 
In order to judge the polarity of the glottal closure instant.. 
we take the absolut,e value of gradien t of rhe spurious glot,tal 
waveform AGSG(n) as follows. 

AGsC;(rt ) = ubs(deri~c(SC(rL)) 

= abs(SG(n) - SG(n - 1)). 

(4) 

(5) 



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

It can be obserr~tl that the prominent peaks of /lG.SG(n), 
P(i). P(; + l ). . . occur around t.hr~ glottal closure instants 
ol’ .SG. l,-(i)! I,.(i + 1). . . This is because that the gradient 
component near the glottal closure instant is much larger 
than ot hcsr places in SG(n). WC\ deduce from the above 
observation that thr speech polarit>- is positive: when the 
peak of AGSG(n) is closer to the negative peak of SG than 
t hc positive peak. and vice versa. 

.l’he pitch-synchronous polarit,y decision can be formu- 
lated as: 

positi7v if disf(P(i).~G,G!,),r~(i).~G(ll,) < 

P= diaf(P(i).~~SG(n).P(i).SC;(n)) (6) 
nrgntil:~ otherwise, 

where P denot,es speech polarity of a pitch period. 
dl.st(P(i).~G,~G,n,. I;( i),c,,,,) dcnot,c:s t.he t.ime distance be- 
tween the peaks P(i) of AG.SC:( n) and the negative peaks 
I.(i) of ‘7(;(n). The pitch and voice/unvoicc: fcat,ures are 
c:xtractc:d with a normal method described in [L!‘]. Kow the 
pitch-synchronous polarity decision can be made based on 
t,he above equation. nut according to the phonation varia- 
t,ion in an utterance. there may exist some sc:grncnt.s without 
t,hc 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 t,his kind of situation. In t.he next 
section. we adopt a frame-based t,<~c:hniquc to get the robust 
decision. 

2.3. FRAME-BASED DETECTION 
In one uttrranc‘c, t hc: polarily is il constaut value every- 
where. If we can find a criterion that, can l)c used 1.0 sc:arch 
for the most reliable segment in the utterance for polar- 
ity decision. then the other scgmcnts (‘au be ignored. Hut 
unfortunately. making such a criterion seems t,o be a quite 
difficult task. As an example, Fig. 5 illustrates a t.ransition 
segment of a male utterance wit,h negat,ive po1arit.y. In this 
case. there are two main peaks of AGSG(n) before and after 
t.he transition part.. and both of these peaks are close to the 
posit.ive peaks of spurious glottal waveforms SG(n). But 
in the transition part. the peaks of AGSG(n) become quite 
ambijinous to make a reliable decision. Due to the phona- 
tion t,ype 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 dct(:c%ion. a robust approach c.orinidcrc:d 
in this paper is to scparat.e the ut,t.erancr into many frames 
and make t,he frame-based decision using (6). For a frame 
with several pitch periods, the: po1arit.y decision of the: frame: 
is made by t.he majority of decisions of pitch-synchronous 
positive and negat,ive polarity. Then each frame has a value 
of polarity. For the whole sent.ence: the po1arit.y is made us- 
ing t,he same philosophy, the majority of the frame numbers 
with cithrr positive or negat.ive polarity. In such a map, one 
unreliable segment with many pitch periods may produce 
onlv one had decision and has litt.lc infiuencr OIL the final 
d&ision. 

i 

posili7lr if cov.iit(Positi~~ ,rnm+)) < 
I’olarily = coclrrt(lVegntiue(frnmc)) (3 

negltil~t otherwise 

whrrr~ Polarity means the final judgement of the whole sen- 
tence. Positir~e~,f,,,,, means the frarnc: dt~tcctc~d to IX: pos- 

itive polarity (positivr frame). :Vrgativc(,,.,,,.: mcans the 
frame wit 11 the negat ivc polarity (nrgativf\ frarnc,). .I’hftrl 
we coz/nf the number of the positive and negative frames. 
arid t,hc: polarity of the sentence is decided hascd on the 
majorit.-. The frame length is .2<frm) 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 
o(n). (c) the spurious glottal waveform SG(nj, and 
(d) the absolute gradient value of SC;(n). 

is -\*clhft) as shown in Fig. 5. 

3. RESULTS AND DISCUSSIONS 

Since the behavior of scmrce excitation of a female voi(.c 
(short ret.urn phase) are usually quit.e diffcrcnt from that of 
a male voice (rf:lat.ivf:ly long return phascx). it is meaningful 
to insprct art example. Figure 6 shows a segment of a female 
voice with positive polarity. It can he seen that the spurious 
glott.al waveform has a round curve (short, return phase) 
near the GCI. Since the gradient around the GCI is still 
very strong than the glottal open phase. the speech polarity 
st,ill can be detected as positive. 

,a, Snnnch Waveform. stnl 

fbl Inverse-filtered Waveform. vlnl 
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Figure 6. (a) Speech waveform s(n ) of a female voice 
with positive polarity, (b) inverse-filtered waveform 
V(II). (c) the spurious glottal waveform SC:(n). and 
(d) the absolute gradient value of SG(rl). 

III order to evaluate the proposed met.hod, Ian- 
g~~age/speaker variations and recording c:nvironments are 



considered in the experiments. LVe use scsvcsral *\TR. spc:c:ch 
databases of Fnglish/Japanesc spoken by male/female 
speaker>. which wcrc collected from varied sources. Part of 
thta speech signals were sampled at 12 kHz. and thus others 
w(hr(s sampled at I6 kHz. The polarity of all the senbc:nc:es 
has been checked bv human inspection beforehand and used 
in t.he evaluation. LVe set S,,.,,, = 80m.s and :Vshft = 407rM, 
used in (7). 

‘I&ble 1 gives a fragment of frame-based po1arit.y decision 
(positive v.s. negative), from which we can investigate the 
st.ages of how the polarity decision being made. From the 
table. it can be observed that the final decision is achieved 
based OII the majority of the frame numbers in positive or 
negative: polarity. This indicates that even if some scgrnent,s 
are difficult/failed to bc: detected or CVCII with a wrong pitch 
estimation. t.he final result can be correct using (7). 

Tat,lc! 1. A FR.AGMENT OF FRAME-BASED PO- 
LARITY DECISION OF SPEAKER sally. FR.OM 
LEFT TO RIGHT : FILE NAME, NUMBER OF 
FR.AMES JUDGED TO POSITIVE POLARITY. 
NUMBER OF FR.AMES JUDGED TO NEGA- 
TIVE POLARITY. THE FINAL RESULT OF THE 
SENTENCE. 

scl4O.wav 65 : 4 Positive 
scl4l.wav 67 : 5 Posit.ive 
scl42.wav 60 : 4 P0sit.iv-e 
scl43.wav 57 : 5 Positive 
sc144.wav 42 : 2 Posit.ive 
sc143.wav 47 : 8 Positive 
scl46.wav FjL5 : 8 Posit.ive 
sc.1.li.wav 55 : 5 PosiCive 
scl.48.wav 57 : 9 Positive 
scl49.wav 52 : 2 Positive 

scl3O.wav 48 : 11 Posit,ive 
scl.il.wav 32 : 8 Positive 

The results of all the darabases are shown in Table 3. 
Based on the above frame-based results, every speaker has 
a score in sentence number of correct and wrong decision. 
Tha accuracy of one spraker is computed as thts percentage 
of the correct decisions divided by the number of the ut- 
terances. Thr results show a high performance obtained by 
t.hcs proposed method. .l‘hrough rhe investigation of those 
wrong-decision sentences. it is shown that the cause ma!; 
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-t,ime. that, is nearly IO times faster t,han tht: 
met,hod in [6]. on a SIYN spare 20 workstation. 

4. CONCLUSION 

L%‘e have proposrd a fast and robust, method to dcal with the 
detection of speech polarity using gradient of Il’C inverse- 
filter signals. which t.akes the advantage that there is usually 
asharp gradient of the spurious glot.tal waveform nctar CCI. 
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 rc:alizc:d 
by using frame-based dGsion. From our experimrnts: we 
used rnult,i-language. mult.i-spcsakrr speech databases and 

Table 2. POLARITY DETECTION R.ESULTS OF 
MULTI-LINGUAL. MULTI-SPEAKER SPEECH 
DATABASES. 

LANGUAGE 
English 

Japanese 

SPEAKER 

CFw 
sally 

MHN 
MHT 
MTH 
FKT 
FMP 
FKS 

503 0 
378 14 
503 14 
503 0 
503 0 

ACCURACY 
98.5 
100 
100 
100 
99 
99 
100 
100 

, 
t:KROR' means the! ut terarlces u'1t.h the wrong ~~CCISIO~I. 

the results showc4 a reliable detection of speech polarit! 
with the framci-bascsd decision. The resulth also indicatecl 
the fact that since the glottal wavcforrns change a. lot. a(:- 
cording to the voice phonarion or speaking style. the ac- 
curacy of detecting spu~ch polarit,! based on inverse fil- 
tering may bcs affect,ed by these faac:t.ors. \-oices of normal 
phonation and stress or pressed phonation type usually pos- 
sess the typical glottal waveform wit,h a sharp return phase 
near GCfs. while the hreat,hv and harsh voice usually has a 
round curve around Gc’ls. ‘chcrcfore. the proposed mc:t.hod 
is expected to yield a robust and accurate estimation of thr 
polarity of normal or prrsacd voices. 
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