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1. Background 1.2. Example 2 4. Word intelligibility experiment H. Results cont'd
= In the current version of the TubeTalker model of speech production, an . ' ifi ' . :
| 2 | P p ] In this example, RDPs are specified to represent phonetic targets /t/, /1/, - Based ow & aurvey oF 10 widemradete st pomsense, muvswal, o i Vowel context: /e/
utterance is specified as a sequence of relative acoustic events along a time /k/ appropriate American English words were eliminated from the collection of
axis (Story & Bunton, 2017,2019,2021) . ) } Listener Response (99.7% aligned with target)
144 C1VCy synthetic words, leaving the 66 words shown in the table below as bed [ beg | bet | ded | det | dek | get | peg | pet | pek | tek | ke
Unlike Example 1, there are additional timing functions associated with & . e :
! ! stimuli for the listening experiment.
= These events consist of directional changes of the vocal tract resonance fre- the d f | fold adducti h bd ° =P beg 100
g e degree or vocal told adauction, that generate an abaductory maneuver T T Tt 5 5 T 1 O T U T T D . 5
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quencies called resonance deflection patterns (RDPs) that, when associated during the initial and final consonants so that they are unvoiced. These are 7/ bbb bd big bt dp dd dig gig pg  pit pk tp otk kd kit kik ded 100
- - - - - - - - bed beg bet ded det dek get t pek tek k D | det 98 2
with a temporal event function, are transformed via acoustic sensitivity func- shown in green in the upper right panel of Figure 3. //:e// o b;z T Ty 5;13 g;gg B R (eo e ek b cmp ot S ek 100
tions, into time-varying modulations of the vocal tract shape. G o . /a/ bad bag bat bak dad dag dak gat pab pag pap pat pak tab tag ftak cab cap cat g | get S -
] [10] [ o7 ] 10T = [peg
1 0 05 = Word intelligibility was tested by presenting target C;{VCy words to 11 naive e el -
10f = 0.1 1 1 . .
| Acoustic sencitivity fumc . - ) ) listeners (7F, 4M, mean age = 21) over a loudspeaker in a sound booth. tek 100
. Acoustic sensitivity functions provide a map 1 0.5 1 keg 100
that guides time-varying deformation of the vocal 8T 0.1 0 0.1 " " " "
o e iovs A e . L or Lo L O1 Listeners were asked to indicate what they heard by choosing a word from a
2 4| matrix that included the target and near-neighbor words. Word presentation Vowel
. . o w ntext:
e Res:nance iforrrflr;t:;;tl,ectlon pattern | was blocked by vowel and randomized. Each word was presented five times. owel context: /z/
03 r3 | prect itude of 2 . . | | |
. 2 [ 4] = [ 4y | asection of te formant €02 = 0.1 cm = ALVIN (Hillenbrand et al., 2015) was used for presentation of the words and Listener Response (97.8% aligned with target)
E(t) = Event function 52;( R2 frequencies = RDPs ol— ‘ ‘ ‘ ‘ ‘ e U, _ ] i i . baed | baeg | baet | baek | deeb | deed | geep | gaeg | peed | paet | pack | taeb | teed | teeg | teep | teek | caeb | caep | ceet
Time 5, U fra * Glottis AP (on 0o o1 02 03 04 05 08 collection of listener responses. Example matrices are shown in Figure 4. beed | 98 2
A ti itivity f ti o D(x, t) = pkEx(t)(01, S1(x) + 02, S2(x) + 03, S3(x)) r t Time (sec.) baeg 08 2
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Neutral vocal tract configuration 3.”Event” function E(t) dictates the time @ VOW6|/ %/ , Vowel/ A/ baek 98 2
course of the RDP required for a specific sound. |:> dseb 100
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Figure 1: Transformation of a discrete representation of a phonetic Figure 3: Transformation of three sequentially-arranged RDPs into Figure 4: Examples of the user intertace in ALVIN = %
segment (RDP) into time-varying vocal tract modulations. the synthesized utterance “a tick”.

2. Specific Aim

1.1. Example 1

« In this example, RDPs intended to represent phonetic targets /b/, /1/, /d/ = The specific aim of this study was to determine if listeners’ recognition = The Iister.1er responses for Word§ in each vowel context are shown in the form = In general, the intelligoibility of CVC words generated by specification of RDPs
are transformed via overlapping event functions into a time-varying vocal tract of synthetic words was aligned with the RDP settings. That is, if RDPs are of confusion matrices. All data is presented as pe.rcer\tage of the total .numbe_r B gre.ater than 97% across the .four v0\./ve| con.texts. Many of the cases
area function, and subsequently synthetic speech via the TubeTalker system conceived as a bank of switches, can word recognition be guided by changes of responses to each word. The target words are indicated on the vertical axis where listener response were not aligned with the intended target word could
(Story, 2013). in the pattern of switch settings. of a matrix and the listener responses are shown on the horizontal axis. be explained by single voicing or place errors.

= The results suggest that RDPs are an effective discrete representation of pho-
= Other than the initial neutral configuration, this modeling approach does not 3. Synthesis of C1VC2 words - The values along Fhe diagonal indicate the percen.tage of trials in which the netic segments that can be transformed into speech by modulation of the
require any exp“cit speciﬁcation of vocal tract shaping parameters (e_g_’ con- listener heard.the intended target \{VOFCI. The off—dlagohal values are the per- vocal tract shape gwded by acoustic sensitivity functions. The RDPs can be
striction location); modulation of the vocal tract is based on achieving the = C;VCy words were generated by combining RDPs from the first row below centage of trials h.earcll ds .sor.nethlng other tha.n-the intended target. The conceived as a bank of switches in which a change from one switch pattern to
acoustic targets specified by the RDPs. for C; and C» with an RDP from the second row for the vowel V. The RDPs green and yellow highlight indicate place and voicing errors, respectively. another evokes a predictable perceptual response. In theory, any given switch
were sequenced in exactly the same temporal pattern and associated with the pattern specified by an RDP is relative to the acoustic characteristics of any
o F{Z}E)l] {o}kﬁ (s same event functions as demonstrated in Examples 1 & 2. = A confusion matrix for words in the /A/ vowel context is not shown because phonetically-neutral, idiosyncratic configuration of the vocal tract (e.g., male,
1o} { 5| 1 the listener responses were 99.9% aligned with the target words female, child).
| g . <:| 02, 0.1 = With three consonantal RDPs that can be voiced or unvoiced, along with four o _ _ _
_ &y Qs o1, o5 -1 . . » Future work will include repeating the experiment for differently-scaled speech
£ /£ g t t possible vowels, 144 C;VC5, synthetic words were generated. _
5 o =g 1 1 Vowel context: /i1/ production systems.
it £2(x) £ RDP inventory: Stop consonants _ _ _
) i‘:.:‘ 2 Listener Response (97.4% aligned with target)
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