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ABSTRACT TIMIT database of dialects of American English. Both speakers
uttered the same shibboleth sentence (“She had your dark suit in
In this paper we explore the importance of speaker specific greasy wash water all year.”) One was a speaker of a northern (i.e.

information carried in the glottal source. We time align utteranced\New York City) dialect, while the other was a southern dialect

of two speakers speaking the same sentence from the TIMIT speaker. Both speakers were males. We first time aligned the
database of American English. We then extract the glottal flow utterances of the two speakers using a time-scaling algorithm based
derivative from each speaker and interchange them. Through tim@n sinusoidal analysis/synthesis [3]. A nonuniform time scale
alignment and this glottal flow transformation, we can make a  Mapping was derived by first computing the ratio of time durations
speaker of a northern dialect sound more like his southern of matched phonemes, (phoneme timings given within the TIMIT
counterpart. We also time align the utterances of two speakers oflatabase). Using a 10 ms frame, this phoneme-based time mapping
Spanish dialects speaking the same sentence and then perform #as then converted to a frame-based mapping for use in the
glottal waveform transformation. Through these processes a  Sinusoidal analysis/synthesis system. As might be expected, the
Peruvian speaker is made to sound more Cuban-like. From thesgouthern speaker’s rate of speaking was significantly slower than
experiments we conclude that significant speaker and dialect ~ the northerner’s, so this step alone had the effect of elongating the
specific information, such as noise, breathiness or aspiration, andiortherner’s speech to align in time with that of the southerner. An

vocalization, is carried in the glottal signal. expert linguist, upon comparing the speech files following the time
scaling with the original speech, assessed the northerner as
1. INTRODUCTION AND MOTIVATION sounding more “southern-like,” strictly from the time alignment

procedure. Thus, the result of the time alignmemt step has
Jdmplications for the use of supra-segmental methods in dialect

In the area of speaker identification, researchers have questione S
identification.

the extent to which speaker specific information is carried in the
glottal flow [1] versus the vocal tract. Earlier work presented an

automatic technique for estimating and modeling the glottal flow 3. GLOTTAL FLOW DERIVATIVE

derivative waveform from speech and applied the model parameters

toa spgaker identification task [2]. For a Iarge_TIMI_T_ da;a subsetpe glottal airflow volume velocity, denoted by u(t), acts as the
averaging over both male and female speaker identification scoreggrce, sometimes also referred to as the “excitation,” to the vocal
a combination of both coarse- and fine-structure glottal features 50t The vocal tract impulse response is denoted by h(t). The
was shown to contain significant speaker-dependent information y,0|yme velocity output of the vocal tract is then modified by the lip
and yielded an approximate 30% error rate in the identification  jmpedance. Because the pressure/volume velocity relation at the
task. When used in combination with a traditional speaker lips can be approximated by a differentiator, the speech pressure

identification system based on mel-cepstral measures on a subset peform s(t) measured in front of the lips can be expressed
the NTIMIT database, the glottal flow estimation and modeling approximately as

technique reduced the error rate by about 5%. In this paper we

approach the glottal flow (source) vs. vocal tract (system) issue s(t) = d[u(t)*h(t)]/dt = [du(t)/dt]*h(t) (1)

using speech analysis/synthesis as a means toward gaining insight

into which measurements are most informative in the speaker  where “*” denotes convolution. The effect of radiation is typically

identification task. However, we also show important ramificationsincluded in the source function; as in (1), the source to the vocal

for and insights into dialect identification. The work suggests  tract, therefore, becomes the derivative of the glottal flow volume

further study in linking speaker and dialect identification more  velocity, henceforth denoted by v(t)= du(t)/dt. In obtaining the

closely. glottal flow derivative, applying the lip radiation effect to the source
flow, rapid closing of the vocal folds results in a large negative

2. TIME ALIGNMENT impulse-like response at glottal closure, called the glottal pulse. In

voiced speech, the time interval during which the vocal folds are

We began by looking at utterances spoken by two speakers from tGtsed, and during which no flow occurs, is referred to as the glottal

closed phase. The time interval over which there is nonzero flow

and the vocal folds are fully or partially open is referred to as the

THIS WORK WAS SUPPORTED BY THE DEPART- glottal open phase, while the time interval from the most negative
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ILY ENDORSED BY THE UNITED STATES AIR FORCE. accurate estimate of the vocal tract response h(t) can be calculated




during the glottal closed phase when there is no source -vocal tragt GLOTTAL FLOW INTERCHANGE

interaction [4,5]. This estimate can then be used to inverse filter
the speech signal. For quasi-periodic speech signals, inverse
filtering results in an estimate of the glottal flow derivative v(t)
consisting of a coarse-structure component giving the general
flow and a fine-structure component including aspiration and a
perturbation in the flow referred to as “ripple.” Aspiration is

sometimes manifested or perceived as “noisiness” or . = .
P experiment, we show how this is borne out with respect to two

“breathiness” and may occur anywhere in the glottal cycle. ; h ; . .
Ripple is associated with first-formant modulation and is due tospeaker pairs each of E_ng_llsh and Span_lsh, but how it also hinges
n the salient characteristics of the particular speakers and/or

the time-varying and nonlinear coupling of the source and vocal. : h . .
ying piing ialects under consideration. For example, previous work in

tract cavity typically during the open phase [4,5]. In unvoiced - N . S
speech, inverse filtering results in noise or an impulse-like sourcg(%("’:il?:tl'geigtglg?goré:?aﬁfgg:zh ([Ji]ezfl\?vﬁm\gsn tehgt t?)splratlon, for
during fricative or plosive sounds, respectively. pie, P P P

discrimination. We will show how this distinction can be
&xploited for our work here with glottal flow transformations.

Earlier experimentation [1, 2] has shown that speaker-specific
information is carried in the glottal source. Thus, removing the
glottal component from the utterance of a speaker A, and
replacing it with that of another speaker B, should result in a
signal sounding more like speaker B. In performing this

The glottal flow derivative estimate is obtained by inverse filterin
the speech waveform with a vocal tract filter derived over a glottal

closed-phase estimate, according to a “stationary” region of 4.1 Interchange method
formant modulation [2]. In finding a closed-phase estimate, we

f':iﬁ:ﬁndaineigﬁ;cfﬂnm?s%ﬁgi'gggﬁgg glogﬁliﬁi‘:gf gysgz?k' Our glottal flow derivative estimation method provides both the
p 9 y P flow derivative and vocal tract filter estimates on each pitch

:gvue ;:3 Z;e;wgmﬁ grp egﬂ: ;/;a&/g;i?]remé th;glgf/tg: evur:?cehl?gfntqlgn riod. One approach to interchange the glottal flow derivatives of
P 9 0 speakers under consideration is to simply interchange the

r_nodulatlon_ s computed via the S“d.mg covariance m(_ethod of flow function on each pitch period. However, because the pitch
linear prediction. Statistics are derived, over this region, on the

formant modulation function for determining a closed-phase ﬁg?rtr? :IT: a?if Otrrl]?st\ill\‘/l(\)/ ;fe%abv(ﬂgrggf; gric\?ongg?rgr:ﬁmgr and one
estimate. Formant modulation can _be explolted for this purpose |ottal flow derivative estimate are convolved on a fixed (10 ms)
because a formant change occurs in going from the glottal clos%(;me and combined over successive frames with overlap-add
phase to open phase, in which source/vocal tract interaction nthesis. On each frame, speaker A retains his/her vocal tract

oceurs. Because of the presence of_asplratl_on and because of eSponse, but uses speaker B’s pitch and glottal flow excitation.
nonlinear nature of the source-filter interaction, however, the

formants will vary somewhat even with a constant glottal area, as

for example during the closed phase of a breathy speaker. Whagn ;
the glottis begins to open, the formants will move from the A2 Interchanglng the glOttal flow for

relatively stable values they maintained during the closed phas@merican English dialect speakers

An interval of relatively small variance defines the glottal closed o

phase over which the vocal tract filter is estimated by the We computed the glottal flow derivative waveform for the
covariance method of linear prediction. The resulting vocal tractorthern and the southern dialect TIMIT speakers for the
estimate is then used to perform a second pass of inverse filteri#gierance “She had your dark suit in greasy wash water all year.’,
on the original waveform. This analysis method provides an & segment of which was given in Figure 1. By studying the glottal
accurate vocal tract filter estimate, as well as glottal flow waveforms and the spectrograms of the respective glottal sources
derivative estimate on each pitch period during voicing. An ~ We observed that the southern glottal source appeared

example of glottal flow derivative estimates obtained from the significantly noisier. Figure 1 illustrates the relatively larger
same phone of a northern and southern speaker (from the sanfspiration component within the Southern glottal waveform. This
time-aligned TIMIT text) are shown in Figure 1. Aspiration and Was confirmed upon listening to both the glottal and speech

ripple contributions and a typically large glottal pulse are seen iaveforms, as the southern waveforms sounded significantly
the flow derivative estimates. more aspirated than that of the northerner.

= : . — — . We then added the southern glottal waveform to the vocal tract
k] sa1_mbdg0.LF8_GFDEs.sd (5.F:10000.0) {leftup/down move mid:play between marks right:menu} . . .
; information for the northern speaker. By default, pitch was also

‘ Time(f):  0.00000se¢ D: 0.00000 L: 0.80030 R: 0.80030 (F:

\ || interchanged during the process. For clarity here we will identify

0f- ] the dialect with the vocal tract information; thus, the northern
DMMMW/\NWWMN/W speaker refers to the vocal tract information for the northerner,
e who then receives the glottal waveform from the southern
~10000| =376, ,, I | | . . .
hen i i el Jgi hen Jano il el g ) speaker. Following the transformation, the northern speaker has
sa1_mjesﬂ_fsmem.LFﬂ_.GFDEs.sd(S.F.:1l]l]l]l].l]) {left:up/down move mid:play between marks right:menu} | vaUIred more unoisen or aSp|rat|On and |S mUCh Closer tO the
‘ Time:  0.90622sec D: 0.00000 L: 0.80030 R: 0.80030 (F: ) . . .
‘ ] original southern speaker. Figure 2 illustrates the effect of
R replacing the glottal flow derivative of the northern speaker with
0 that of the southern speaker. The exchange of pitch information
ok 1 likely contributes to this increased similarity, as well. In fact, in a

e . separate experiment the pitch of the northern speaker was

Figure 1: Glottal flow derivative displays from the utterance ..Shereplaced with his southern counterpart, resulting in a move toward

had your dark suit in greasy wash water all year.” for time-alignegzﬁogtggrxﬁgﬁ rtﬁgtirrl;itrlgs, |gﬁgﬂzﬁf\v,ﬁyeotvﬁ;'gmﬁst :
southern (top) and northern (bottom) dialect speakers. 9 9

replaced. The pitch transformation was performed using the
sinusoidal analysis/synthesis system [3]. A pitch mapping was

=




derived by first computing the pitch of both speakers and then notion of aspiration or noisiness being conveyed through the
finding the ratio of their pitch contour at a 10 ms frame interval glottal waveform. While [s] and [z] are both fricatives and thus
The pitch mapping was invoked on the time-aligned northern strident sounds, the voiced quality or increased glottal vibration of
speaker during time regions in which both speakers were declarge [z] adds to the perception of noisiness or breathiness (i.e.
voiced. aspiration) with respect to the Southern speaker (see Figure 4).
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Figure 3: Wideband spectrograms of the word “suit.”: northern

Figure 2: Waveforms displays of the utterance “She had your speaker (bottom) vs. southern speaker (top)

dark suit in greasy wash water all year.” for modified northern
(top), having the glottal flow and time-alignment of the original
SOUthern (Center)' The Orlglnal northern (bOttom) IS alSO ShOWn.rﬂ speech_B2A_10ms_150s.5d ($.F.10000.0) fleft:up/down move mid:play between marks right:menu}

Time: 1.81459sec D: 0.00000 . 1.83260 R: 1.8:260 (F: )

5. LINGUISTIC ANALYSIS -
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'
There is still some distortion in the recreated speech files that  |-un: el

tends to interfere with human perception, due to unvoiced/voice( | *mr———pir—pr——rip——ph—h——peees
timing mismatches and occasional inaccurate vocal tract respon{ specch_ s (5£:10000.0) fefcup/dawn move midplay bebween marks rightments T
estimates. Nevertheless, an expert linguist characterized the et bt L G L kL
northern dialect speaker as sounding “more southern-like” : : : : : —

following this glottal transformation. This was somewhat less | ™
compelling on an overall phrase level due to the interference fron DWWMNWWWWWMWWW F

)

this type of distortion; in contrast, however, comparisons at both-m -

the |nd|V|duaI WOI’d and the phone Ievel ShOWEd that the rﬂ speech_B.sd (5.F.10000.0) {leftup/down move mid:play between marks right:menu}
similarities were rather dramatic and quite convincing. } Tine:_1. e DO L 1 e 10 ()

Speakers of southern dialects of American English have been
noted to have very marked pronunciations of vocalic segments,
such as vowels and diphthongs. Vocalic segments are voiced by
definition in English, and thus involve vibration of the vocal I G 5 G 5 3 O G 5 O
chords and the engagement of the glottis. In comparing the

spectrograms depicted in Figure 3 below, we observe that the Figure 4: Waveform displays of “greasy” from “She had your
northerner’s spectrogram looks more clearly defined than the dark suit in greasy wash water all year.” for modified northern
southerner’s, which shows evidence of more noise in the southeft@p), having the glottal flow and time-alignment of the original
speaker’s utterance as well as a longer duration for the vocalicsouthern (center). The original northern (bottom) is also shown.
segment. Some of this information is carried in the glottal

waveform, as well, causing us to surmise that when the glottal

waveform transformation is performed, the northern speaker

sounds decidedly more southern-like with respect to particular 6. IMPLICATIONS FOR DIALECT

words within which this phenomenon is at work. These will IDENTIFICATION
include words with dialectically characteristic vowel segments
such as “wash,” “dark,” and “water.” The foregoing analysis suggests obvious implications for dialect

identification. Admittedly, the data set is extremely small; thus far

and we have focused only on one speaker from each of two
edialects of American English. Nevertheless we were sufficiently
o gﬁcouraged to expand our study and explore whether similar

LBrecepts would apply to dialects of another language.

The southern dialect speaker also voices the [s] in “greasy,”
thereby pronouncing it like a [z]. The voicing of unvoiced

intervocalic consonants is an observed characteristic of south
dialect speech. Here it serves to lend additional credence to



We attempted this same procedure on two speakers of two  the transformation process. Duration and pitch are clear
different dialects of Spanish. We chose two male speakers frongontributors to speech perception, but elements such as aspiration,
the Miami Corpus of Spanish Dialects Database [7]. One was aoise, or breathiness, stridency, and voicing or vocalization all
speaker of Cuban Spanish and one of Peruvian. They were bothlay a role in perception and analysis of voice, as well. Based on
speaking the same shibboleth utterance (“El ajo es muy fuerte'these findings, it appears that although dialect identification has
“Garlic is very strong.”). We again began by time aligning the twousually been approached in a manner similar to language
utterances. In this case the Peruvian speaker’s rate of speech vggshtification, it may actually be more closely related to the
discernibly faster than that of the Cuban. In keeping with our speaker identification task. We plan to explore other speaker
discoveries with respect to English, the time alignment procedurigentification approaches to dialect identification in the hopes of
alone, served to make the Peruvian sound more Cuban-like, basegbrovement in performance. We have established a firm baseline
on an expert linguist's assessment. with respect to two pairs of speakers of dialects of American

. ) o . English and Spanish in terms of glottal transformation. We
In previous work analyzing the Miami Corpus data [6,7,8], it waggresee expanding our data set and testing our procedures on a
shown that Cuban Spanish is more heavily aspirated than ety of speakers, as well as on a larger dialect set. In addition,
Peruvian Spanish. Cuban speakers are perceived as “breathiefefinements to the algorithm, which would diminish distortion
and tend to aspirate various phones, notably [s] in word- or currently impeding perception, will help greatly in our voice
morpheme-f_lnal position during rapid speech'ar_wd during VOICINGconversion processes. Finally, we plan to delve further into the
It was this distinction that we hoped to exploit in performing th&ansformation process and ideally merge positive results on this
glottal waveform transformation. Figure 5 compares glottal flow;sk with results from more traditionally-based speaker and

derivative estimates from a Peruvian and Cuban speech segmefjhject identification systems to thereby improve overall
As anticipated, the Cuban display shows more noise/aspirationyerformance and accuracy rates.
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