Developing a computational model of aging voice T

- Brad H. Story & Robin A. Samlan AQL 2023
THE UNIVERSITY

QR code to access audio

OF ARIZONA. Speech, Language, and Hearing Sciences, University of Arizona demonstrations of s
ated vowels
1. Background 3. GAW: Segments for modeling 5. Modeling 6. Simulated cases: F25 and F75
= The purpose of this study was to test the feasibility of using glottal area wave- = The one-second segments that were selected from HSV recordings of each of = Each of the four glottal area waveforms shown in Fig. 1 were used as the = The simulated /a/ vowels for the two female participants, F25 and F75, are
forms (GAW) obtained from high-speed videoendoscopic (HSV) recordings the four participants are shown in the left column of Figure 1, whereas shorter vibratory source in the TubeTalker model (cf., Story, 2013) as illustrated in shown in Figure 5. 0.02 second segments of the four waveforms are in the left
d.lrectly as the vibratory source in a comp!JtatlonaI model of speech prodyc— segments shovylng three glottal cyclles are Plotted in the right column. Note Figure 3. .Specnc_lcally, a GAW (shown in green.).replaced the vocal fold model, column where the glottal area (green) is the measured GAW, and the other
tion. The GAW captures the variation of vibratory patterns that occur during that the durations of the segments in the right column are dependent on the and the simulation produced the other quantities shown (subglottal pressure, signals are simulated.
natural voice production and provides a means for eventually enhancing voice fundamental frequency. glottal flow, and radiated pressure).
source models so that they better represent the aging voice. GAW (1 sec segment) GAW (3 cycle segment) | = |t is particularly apparent in these two cases that the glottal flow pulses
| O | = For each simulation, the vocal tract was configured as an /a/ vowel based on are skewed rightward in time whereas the glottal area pulses (measured) are
= [he current project represents the first iteration of this approach and is focused < ™' | < ) ! the male and female age-dependent vocal tract model in Story et al., (2018). skewed to the left.
on transforming raw glottal area waveforms to a form suitable for use in the I | 8 06l | | The vocal tract length was 17.5 cm for simulations of the male voices and
g g oo : g
rr?odTI,t_and p:coof:cof—cloncep:: tha;ci ths output signals of the model are realistic 5o | I 2 15.5 cm for simulations of the female voices. « In the right column of Figure 5 are the radiated pressure (audio) waveforms
simulations of hatural VOwel productions. 0, o os us ; of M M _ and corresponding narrow-band spectrograms of each simulation. Audio files
M25 Time (sec) Time (sec) = In each case, the particular tract shape was tuned (Story, 2006) so that the can be heard by using the QR code at the top of the poster.
— : formant frequencies were closely aligned with the formant frequencies mea-
2. Part|C|pant selection T | N sured from a recording of the participant producing an /a/ vowel. Simulated waveforms Narrow-band spectrograms
= Four participants were selected from a larger study that included audio record- % 00 | | Computational Model of Speech Production (“TubeTalker”) E ;.
ings and HSV recordings of a group of individuals ages 65 and older. Some 00-02 Vocal tract: Acoustic output: 5 N
_ _ 0 0 ‘ A ‘ ‘ J In all cases, the vocal tract J o r ;;r;:tl:;egta:ﬁ)ostfstlc pressure n;‘/T Simulated glottal flow 5000
self-reported some degree of age-related dysphonia and others normal voice. M75 s R P Mmeseey 0 o baness | T [ — % o | | | | 4000_
participant. 208 ;m 0’ —
= One male and one female participant were selected whose cepstral peak promi- < - t OOOLM %.stooo
nence (CPP) calculated for connected speech samples were at the 25th and 3 e e Glotalflow: < S | g
75th percentiles of the larger dysphonic group. These participants will be g model (Example: NIy e g 10000 mlated subgltalpressus o0 | e e
referred to as M25, M75, F25, and F75, respectively. The age and measured ” O IR — AR e B e . A % - | :3 50020 SO S L=
CPP Of the fOUl’ participants was: F25 0 0.2 Olfll'ime(sec(.))ﬁ 0.8 1 0.716 0.718 0.7'2I'ime0.(732ei.) 0.724 0.726 0.728 E@o.os»ﬁ NN T \ NI ANANANA F25 Time (sec) : Time(sec) :
Participant | Age (yrs) | CPP (dB) ool 0
~ 01 ~ 01 2w “t 10000 . Subglottal ~ | |
N N : S WAN“\,/ ) o Simulated radiated pressure o
M25 78 29 %0.08 m : % 5000 - gi;i?ag?el:ir;éssurejust § 208 -g
M75 71 80 %0-06 H‘ ol % 001 o002 003 o.o4inferi0rt0thegloms' %:288 )
£ 0.04 i Time (sec.) o’ . 5000 [
F25 ¢ 4.4 8222 | Figure 3: TubeTalker model using measured GAWs as the "’?\g 200 AN N ’
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Figure 1: One-second (left column) and 3-cycle (right column) 6 S | d M25 d M75 £ O'OSL/\/\N\/\_
: Imulated cases: an <” ‘ | |

GAW segments for M25, M75, F25, and F75.

3. GAW: Measurement, processing, and analysis | o | | B oo s,
= The four time markers indicated in each short segment were determined for _ o § 5000/ f
every cycle of the one-second glottal waveforms and then used to calculate » The simulated /a/ vowels for the two male participants, M25 and MT5, are o’ o ows oo ool oo o ez 04 os 08
= A o}?e—?ec;)ncllc segment of a gllcc)ttal areha vr\‘/avefocrlm EIGAW)dwas extractedd for the furdamental frequency, open quotient, and skewing quotient with the S i [Eiauiie 4. 004 ceeend caamaits of e fur wevelsis ae i dhe &k F75 I Tum:<sec.) d — T.me(se:.)d b
each of the four participants from a high-speed video-endoscopic recordin ' ' : Igure 5. VVaverorms and narrow-band spectrograms generated by
° ° P P - following equations: columniwherelthe glottaliares (green) is the measured GAW, and the other TubeTalker based on GAWSs produced by F25 and F75.

completed at 4000 frames per second while producing a sustained vowel (i.e., a
nondescript vowel due to presence of the endoscope). The GAW was measured 1

using “Glottal Analysis Tools” (GAT) developed by Michael Déllinger and fo = o— ir— - I e ek eslumn of Fme 4 s il mdiied prese (o) wewbms

colleagues at University Hospital Erlangen (Germany) -t -
& y P 5 y) and corresponding narrow-band spectrograms of each simulation. Audio files 6. Conclusions
o . can be heard by using the QR code at the top of the poster to access the
= Each GAW was resampled from 4000 Hz to 44100 Hz for the male participants, 4. GAW Ana|y5|s. fo, QO, and QS ol srere cdlu wiElbaiie, = The purpose of this study was a proof-of-concept project to determine the

signals are simulated.
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and to 50000 Hz for the temale participants. The need for different sampling o o Simulated waveforms Narrow-band spectrograms feasibility of using measured glottal area waveforms as the vibratory source in
frequencies is due to the relation of vocal tract length and sampling frequency = The analyses shown in Figure 2 for M25 and M75 indicate nearly the same fo, N 1 a computational speech production model.
in the wave-reflection algorithm used in the computational model (described but widely different Qo values that are well aligned with their respective CPP g 1OOMW g o | | . Th it< show that the simulat istic denict . |
in a subsequent section). measurements shown previously. For F25 and F75, the f, differs by about 60 ©. o0’ . . . | R — © VeSSl SINOR ISR Hns S EEIB Slfe FeeEEe SEpUaions B HeeEl (e
. o N 5000 duction with varying degrees of irregularity characteristic of the aging voice.
Hz, but the @, valuese are nearly the same. The (s values across all cases is @ . : . ‘ 6 m _ dio of the smulat ; " £ oh ,
_ _ _ e o - e £ 200 00| R St ntormal listening to audio or the simulations and recordings or the partic-
» The resampled GAWSs were then low-pass filtered with a 20th order FIR filter about 1.0 or less. All quantities indicate cycle-to-cycle variability. >0 | | | S J - ipants indicates that the glottal area waveforms capture some idiosyncratic
. o o — 0.1 . Measured glottal area %3000 - . . o
using a cutoff frequency of 2000 Hz to remove artifacts from the resampling Male Female E O_OSW characteristics of the original talker.
process. o go o < £20% _ _ _ . . . .
g ., < : Simulsted subglttal pressurs = Next steps can include a series of voice therapy manipulations for aging voice
ézso» ‘j;"_ § SOOOW 1000 - . h | f . . ” . f . . . _
= [n their raw form, as measured from HSV, the amplitude of the GAWs is in <00 5 S o . . ' ol with a goal of improving our overall understanding of voice production, disor
; : o’ o 001 002 003 004 o oz 04 06 08 ders, and treatment for older adults.

pixel units. Since there is no calibration of the images relative to actual cross-
sectional area, they must be normalized to an assumed maximum area in order 02 o1 o 02 04 06 08 1

Time (sec.) Time (sec.)
to use them in the computational model. For this study, the resampled and » < 4OOMW L . References
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filtered GAWs were normalized such that their maximum value was 0.1 cm?. B ;g % :o sl L
gw’/\ﬁww 5'200 R 5000 Story, B.H., (2013). Phrase-level speech simulation with an airway modulation
= To provide an indication of the degree of irregularity, for each GAW, the Z:j “E oo ‘ ' ‘ ﬁ w00 model of speech production, Computer Speech and Language. 27(4), 989-
fundamental frequency, open quotient, and skewing quotient were determined ) o S ————— > s oot S pa— , 1010.
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| o e ‘“;10002» s pre “j::: = on acoustic sensitivity functions, J. Acoust. Soc. Am., 119(2), 715-718.
;0; M ““"*,\'M".’fwy ol §>: soop| NN Story, B. H., Vorperian, H., Bunton, K., and Durtschi, R., (2018). An age-
Acknowled gements 506 dlaaeil | M75 " To oo Tim‘;?iec_) o oo LI o et dependent vocal tract model for males and females based on anatomic mea-
Research supported by NIDCD R21 DC016356 (Samlan), NIDCD R01 DC017998 Q. 7 Chet U oo w o Figure 4: Waveforms and narrow-band spectrograms generated by surements, J. Acoust. Soc. Am., 143(5), 3079-3102
(subaward, Story), and a Galileo Circle Fellows grant (Story). Figure 2: Time-varying f,, Q,, and Qs for the four GAW segments oGl leese € (AU [reemesel 7 [P entl Ljie: https://d0|.org/10.1121/1.5038264

from Figure 1.




