PERCEPTUAL CONSEQUENCES OF NASAL SURROGATES IN ENGLISH:

IMPLICATIONS FOR SPEECH SYNTHESIS'
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ABSTRACT A NovaSpeech program called Nisper (NovaSpeech Integrated Speech Figure 2 to the right shows spec- SRR As can be seen, the data strongly support our prediction that
Perception Experiment Runner) was used to present stimuli at a listener- trograms of the first two words, Monica SH PR ,;;, I spectrally diverse surrogate speech segments, even from other
Previous experiments have demonstrated that non-nasal obstruents in controlled pace, and collect and store the listeners’ responses. The sample Naimoo, of the Monica sentence as speakers, can be substituted for nasal consonants without altering
human utterances can be replaced by a wide range of "surrogate" screenshot below illustrates the Nisper user interface: spoken by the three source speakers, SH, - u n e those consonants’ phonemic identity. There were 4,090
segments, either produced by formant synthesis or recorded from JS, and JD. Note the range of prosodic 4 Monica Naimoo | e responses to substitutions for which we predicted that the
other speakers, with virtually no change in perceived speech quality or| B T S z 2| and spectral variation among the nasal fo i s e e original phoneme would be perceived, and, as shown in column

speaker identity [1]. The experiment summarized in this poster
extends the previous work by exploring the perceptual effects of nasal
obstruent segment substitution. The results suggest that (1) vowels
adjacent to nasal surrogates must have appropriate acoustic features to
cue the perceptually desired nasals, (2) the nasal surrogates
themselves must have generally appropriate prosodic characteristics

3, in virtually all these cases, the original phoneme was indeed
perceived.
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consonants across contexts and speakers.
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Table 1 to the right lists the source utter-
ances from which all of the stimuli were
constructed.
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Speaker Identity
The following table gives statistics for three general substitution
types on how often the intended speaker (that of the base
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Table 2 below shows the composition of

for their context, but (3) specific spectral properties of nasal General Speechand h stimulus. The color of each stimuls 007059 o sa00en s e :
surrogates are not per(ce)ptﬁally imgortam 1;ol'lzuing speaker identity. [ Inehiahlhiod sogmorif] B — i S e A ) ga: chm ?nlé?cmcse ;1(: 2:,3”?3&;1:2:?:0[“ =200 T T susn | : utterance) was misidentified.
Ao > dont seund men soundiike some ofer specker PSS 5 & > ’ l Figure 3: Nasal surrogates with discontinuous vs =
segmental identity, or overall naturalness. It appears that natural s The Hghghied segment;] - Lnear T s it he which the fragment originated. The first half D ek . L Speaker Identity Results
N . o T (S I sotid ke there rc more then ichighted seamentel N . - [raqaqdaas continuous FO0 (fragments of stimuli 4 and 5)
sounding speech quality and the speaker's identity can be preserved o spmaki ki o e - of the table depicts the stimuli that use SH as wor - o # of Responses
even when a speaker's nasal consonants are replaced by surrogate fekoin ool xRl e ) | P the base utterance, the second half JS. = I m I u n s [ The blue line overlaid on the spectrograms is a pitch trace produced by and % Correct Prediction
segments possessing strikingly different acoustic structure than the fplease comment below] acod - The . A Monica Naimoo the Praat pitch tracker. — -
originals', including nasals from different segmental contexts, nasals et b a e S e i (‘?fl?]ilegﬂ:r:i()c]:Osil;l;zzl:eez\?\/riet]:ﬂ:glinemes Substitution #of % ID Change
of different phonemic identity, nasals from different speakers Sounds ke e oo stimulus. cach surro atg: appears in the Type Responses| "Other" ""Mult"
(including different genders), formant synthesized nasal segments, and| . gate appears e Figure 2: Each speaker's rendition of Monica Naimoo . . . Nas Cons
non-nasal segments. Figure 1: Sample Nisper User Interface fl?k?elil(l::rl:gn;?e?: ;izirc)l;gzie;:;z:tlzmlra"% Substitution, 891 0% 3%
’ L S TS tterance timuli used as
List introduced to th . tal tasks in a traini X giving its original phonemic identity. U("U") 4 Speaker Utterance SO ! S SELECTED RESULTS Sa;l:sSgE:ls(er
isteners were introduced 1o the experimental lasks in a {raining session ; rig. ur. This section highlights some of the main results concerning I
during which they became familiar with natural renditions of the Monica If our hypotheses predict that the sur- 1 SH - - — 13 3 18 accentability. seemental identity. and speaker identity judements Substitution, 2,356 3% 7%
sentence as spoken by SH and JS. (One of their tasks would involve judging rogate will not alter the perception of the Monica Naimoo never knew Bonnie's mother. : P Y58 Y s Yuce - Diff Speaker
the extent to which certain stimuli sounded like these speakers.) original phoneme, an unbolded font is 2 6,19 . Oral-for-Nasal
INTRODUCTION us.ed; if they Predict a different phoneme 3 JS - - - 15-26 4-5. 17 Acceptablllty . . . Vowels, Same 76 33% 22%
. . s h For each stimulus, listeners were required to choose one of the five possible will I?e perceived, a.—bold underlined 4 SH Bodica Daiboo deber due Bodie's brother. 11-13 The following table summarizes 0‘{3'3}} acc”eplablllty in terms of two Speaker
This experiment uses segn}egt. splicing t‘echmq.ues to explore .three quality categories shown in the following table: font is used. A “?” is used for original 5 JS 24-26 measures: (1) average overall quality (“OQ) scores, where 5 = very .
hypo}heses about syllable-initial nasals in continuous speech in (non-rcp]accd) consonam.s whose 6 SH \Monica Naimoo never knew Mommy 's mother. |14 natural :r}d 1= Ycryl unnatul}:l', and (2) 1|_1C avfcrag_c n;l_mbcr lof problems Zlfag:: EZE}LO;’Z?T:“Igfi?itlli?:;‘?:;lstg::gztezai'gﬂ do(:r]::lt’ of
English: Overall Quality Categories E;r:;:tsljgsmeultit:)(;ug?tar:ggl:;:rifgeued 7 1S (Monica Maimoo never knew Bonnie's mother. 27 reported for a stimulus (see Nisper user interface in Figure 1). tl};e o substitutiol; t))//pes, only the oral-%orl?nasal vowels),/'which
Hypotheses about syllable-initial . Rating | Meaning vowel (c.g. oral for nasal). ] Tonica Naitoo never knew Donnie's brother. 8, 10 Overall Stimulus Acceptability we did not expect to sound natural, were frequently marked as
nasals in continuous speech Extremely |[Stimulus sounds like an unprocessed, fully-natural A white "X" indicates that no FO 9 22 Acceptability Measures sounding like a speaker other than SH or JS ("Other") or as
In most contexts, the internal A wide variety of spectrally Natural _|speech utterance. smv(\;oiheing w:; Lt::desl“i;u;:g shows 10 synthesized [n] 7 Substitution Type Sample | Avg. 0Q Avg. # sounding like a combination of different speakers ("Mult").
spectral structure of syllable-initial dwe]gse Subrrl(?;g'dltedspeeih seg;]:;:lms Very Natural lS)tlmulus sounds !llghl{rnatural, - portions of two stimuli (4 and 5) that 11 [ama] (spoken slowly) 9 Count | Scores ﬁ;"z‘;em: 1t is worth noting that four ‘l‘istenel;s knew SH and IS well, but
nasals is perceptually irrelevant for |21 D¢ substituted in place of the ut some pr g effects are _ differ only in whether FO smoothing was 7 ™ Towl 2021 — P none of them detected any “Other” speaker surrogates in the
{heir segmental identity. original segments with minimal Stimulus sounds reasonably natural and human-like. used. [ana] (spoken slowly) Original Consonant 52 3.6 15 stimuli. In fact, two of the listeners were the speakers’ own
perceptual consequence. A 1. |itis clearly intelligible, but may exhibit noticeable 13 SH [asa] (spoken SlOle) 10 Surrogates (stimuli 3 and 17) . ) children!
Syllal_)lc-lmtla] nasals. do not Surrogates from different speakers . e res.ultmg from’ speechiprocessing, Table 1: Stimulus Sources Consonant Surrogates, 50 33 1.9 The "Mult" speaker judgments generally resulted from
contain perceptually important be loved without affecti such as static or choppiness. Same Speaker di R Fo £ th il din Fi 3
famtont g (¢ oyl ot e et s o e 78123 P 3 S Y S S Y P RS S K ES ES S S P ES B P EY PN A icméasous £ pits of sl i Figee
tion a judgments of speaker identity. Poor Stimulus exhibits obvious problems, Consonant Surrogates, 238 33 18 (stimuli 5 and 21 in Table 2).
speaker’s voice. like strong background noise or buzziness. | [sH22050Hz @ Other Speaker ) )
Néilsahlz“@_n_ ‘;‘ vowlels adjacent to Vowel surrogates must have Very Stimulus quality is totally unacceptable: listener would - ZAED L Oral-for-Nasal Vowels, 152 2.4 2.3
zz;ozbv z:zltt(‘)athl::%:ri;a;ob; oaf contextually-appropriate Unnatural |be unwilling to listen to speech that sounded like this. o [HL8000 He 8000 Hz Same Speaker . -
ihoseéconsonams[;s naSals as wel] |1@salization for proper speaker and ) . . Like #1 but with splicing artifacts F0 Incompatibility 68 2.3 2.3 CONCLUSION
as 10 specific speaker ident’ity nasal consonant perception. For any stimulus receiving a score b_clow Very Natural, l'lstcncrs were also 3 I T T T T T T T T T T T @ This experiment is part of a larger project in which we
- regulred to mar.k one of the ten spem‘ﬁc problem categories Show’,l in the 4 IS nasals from U3 m As a reference for the overall quality judgments, the table shows the are investigating a new unified theory of speech
lepgr d}sp}ay mn Figure 1. The specific problem categories were intended to m_| [n ] _ _ [n ] [m T [n ] [ o] [nT [m T scores for stimuli 3 and 17, in which the original nasal consonants were perception and its application to speech synthesis.
provide insight into the questions shown below: 5 [{Snasals from U3 with no FO smoothing extracted and spliced back in using the same splicing technique used Previously we had noted that non-nasal obstruents are
= = = = = = = for the stimuli in general. These stimuli had natural voice quality, but cued not so much by their internal spectral structure, but
JD nasals from U2 ] L B L . P o . . . B
The problem checkboxes were designed to answer 6 - - -:- - - - = somewhat deg;radgd signal quallly asa resu_lt_ of some spllc‘mg art.liacts: rathe_r bya Co_mbma_tlon of their duration, their amphtude
questions like these: Synthesized nasal from U10 It turned out that listeners were highly sensitive to such artifacts in their relative to neighboring segments, and the acoustic
METHODOLOGY 7 n | [ o] [ n ] [n ] [ n ] [n ] [n ] [n ] E acceptability judgments, a fact that we attribute to the nature of the structure ofneighboring.vo“{els. Thg syllab.le-initial
We elicited acceptability, intelligibility, naturalness, and speaker Did the sentence sound human? g |l from US and silence \0» instructions given to the listeners and the fact that listeners could play n_as;_ll consonants tested in this experlm_em yielded )
identity judgments on a variety of renditions of the sentence Monica . L X . t ] [ [ [ [ [ [ [ [ [ [ [ | | | I al utterances as many times as they wished before responding. similar results: as long as a nasal’s F0 is congruous with
Naimoo never knew Bonnie’s mother (“the Monica sentence”) in Did the sentence sound like it was spoken by either SH or JS? o [SH.[m] from UT1 [ama] ’E surrounding vowels, a wide range of acou:%tically-diverse
which various phoneme-sized segment substitutions were made. This Did the sentence sound like it was spoken by a mix of speakers? SH [+] From U13 and [ Trom U8 [m T [m T [m T [m T [m T ) NOT' that the reference slu;luél rechelveq onll.yl Sllg]il'llz bellelr overall consonanl; can;efrfve as nasaLsurrOgales, lncluéimg
sentence was selected for several reasons: it contains the two possible Did the sentence sound like the speaker had a cold? 10 S| from U1) an rom - quality measure_ments (3.6) than the stimuli in whicl nasals were segments from different speakers, conlext_s, and
syllable-initial English nasal phonemes in a range of phonological and ! senience sounc speaker ) Or:xl \,lowels lfmfn U4 ] [ [ Ts1 [ [s ] Ls | — replaced by a wide range of surrogate types (3.3). Using surrogates phonemes. The results have a number of implications
phonetic contexts; it contains proper names that can not be deduced Did the sentence have any phonemes that differed from those in the 1 = | a | > | S I 0 | S I 0 | = | - I 0 | " I 0 | " I | > I 0 | " I | = I 0 | : I I B | - | i | = \0§ frorq other speakers did not significantly affect either the overall speech for spef:ch Synthegls. B‘oth rule fa.nd u‘mt selection
from context; it contains vowels that contrast in their degree of Monica sentence? Daib from Us = — quality or the number of problems reported. §lralleg1es zlan ble S'lmphﬁe]? by fnormg 1lhe perceptually
“ﬂsalilali‘?ns - ins P Simila1r o spe‘aker;'i]}lll;le 1;”0 Did the sentence confain extraneous non-speech glitches o noise? ° [ 4 I - In fact, the only stimuli considered unacceptable were those in which s
contexts; it contains consonant-vowel sequences in which the formant Dai from U4 = >
- . L . . 13 = ali ac . i il
transitions have d'CSH’Cd ChafaC}Cf‘S_“CS (e.g., in which formants Nineteen listeners each judged 26 sentences drawn from a cohort of 38 [a I \0\ na;alged &/oweliq were replac;‘:ddby oral su{rﬁga};&(:)s, and those in which REFERENCES
transitions move in the same direction out of both [n] and [m]); and stimuli. The speech stimuli were presented through loudspeakers. Each 14 [SH.UG (all natural) \0}: substituted nasal consonants had incompatible FO. | " .
other reasons. i i ioninafi i : m m = [1] Hertz, 2002: Integration of rule-based formant synthesis and
stimulus was presented twice per session in a fixed arbitrary order. Listeners L . L S y
. . - - . JS 22050 Hz = Very few users reported that any of the stimuli were unintelligible (data waveform concatenation: a hybrid approach to text-to-speech
o . could listen to each stimulus as many times as desired. For each stimulus, 15 T e = oot A vith £ entions. only th irmuli with Svnthesis: Proc. EEE 2002 Worksho on Speech Synthesis
We recorded and digitized the SPCCCh of three speakers: two middle- listeners first had to play and judge the entire sentence. Following this 7S 8000 Hz = ot owlng,l 320 with few elix:iep 1ons, :i)n Y osis e 2] Pi’aar Eéérsma‘l’ and D Weenil{k l?ni opfAmsléVrdarr; -
aged males (JS and JD) and a middle-aged female (SH). We overall judgment, they marked problems with specific subsections of the 16 3000 Hz \05 incompatible ) were marked as sounding non-human. vsvswj fon.hum liwa ol ra;u (as of M’a 2;' 2004) ’

X . . P o N _ : _ : vww.fon. .uva.nl/p: s .
conslruc.led stimuli by replacmg nasal consongnls or lhelr adJécgm utterance, as shown in Figure 1, but they could not change their Overall 17 |Like #15 but with splicing artifacts = . [3] Psola: E. Moulines and F. Chan cmici, Piteh-synchronous
vowels in the JS and SH Monica sentences with a variety of different Quality rating. If listeners perceived a phoneme difference between the I T T T T T T T T T T T = Segmental Identlty ) efor;n Focessing fe ‘imi gf)g for te; ttons iech cnthesis
segment types, as shown below: stimulus and the Monica sentence, they were instructed to specify which | |SH nasals from U1 \03 The following table summarizes the extent to which our predictions ‘:’Sl:; p h(r))ne; :S:le:ch LComqn:u;:[catioi; 9(5}2)‘453367 SIS

= oS T =] segment was different and, if possible, what phoneme they perceived. m | [ o] [ o] [m [ o] [ o] [ o] [m T S concerning segmental identity were borne out by listeners’ responses. Dccgl99lz) - opeec ’ : ’
ypes of Segment Substitutions Teste JD nasals from U2 = -
19 S " p sis is 2
Nasal consonants from one Oral consonants in place of [a] [m] Ta] o] o] [m [ \0\ Segmental Identity Results [4] Klatt, D. H. and Klatt, L. C. (1990). Analysis, Synthesis and
speaker for those of another nasal consonants 50 PD1n] from UL2 \0/: # of Responses | % Correct Prediction Perception of Voice Quality Vanallf)ns among Female and
. . . . n_ | [ n ] [ n ] [ n] [ n] [ n] [ n] [ n] i — Male Talkers, J. Acoust. Soc. America 87, 820-857.

Nasal consonants from one A synthetic consonant in place of 51 |Like #20 but with no FO smoothing \0/: Prediction

segmental context into another a natural consonant STIMULI < >< < >< < < >< >< i Substituted

A single nasal phoneme FO-compatible and FO- Stimuli were constructed by hand through waveform concatenation using the 2 [t from U9 and silence | | | | | | | | :E Substitution Type pho.rlllelr)nes Original na.saldwill be ) ACKNOWLEDGMENTS

in place of all nasal phonemes incompatible nasal consonants in Praat speech analysis tool [2]. Surrogate segment waveforms were spliced Like #22 but wilh one glottal pulse of nasality on the edges o nasal phones — will be perceive This work was supported in part by NIH Grant R43

. . lace of nasal consonants into the base utterance by abutting them without overlap. All speech was 3 = -01 to NovaSpeec! . The views are those of the
pl into the b: by abutting tt ith lap. All I 23 perceived DC006761-01 to NovaSpeech LLC. The vi h f th
Silence in place of nasals o 4 . Lo I I I I I I I I I I I I I I S Speak )
digitized at 22050 Hz. with the exception of two 8000 Hz stimuli that were Oral vowels from U5 = ame Speaker, 54/82% 360/ 100% authors and do not necessarily reflect those of the agency.
Oral vowels in place of nasal vowels used to test the effect of sampling rate on perceptual judgments. With a few 2 =5 | a | ? | 5 | ? | 5 | ? | a | - | ? | u | ? | £ | | o | ? | u | ? | a | ? | i | | b | A ) o> \05 Same Ph
exceptions, the duration of each surrogate was adjusted to match that of the (Daib from U5 = Same Speaker, 186/ 87% 1.980 / 99% NOTES

Listeners were told that they would be judging stimuli consisting of the ~ segment being replaced. The FO of most phonetically voiced surrogates was z [ a | S Different Phoneme > o ) o N o
Monica sentence and related sentences that had been processed in interpolated between the preceding and following segments using Praat’s 26 |Dai from US \03 Different Speaker, No samples 1,444/ 100% :h‘s s {es‘"se.d Verf,‘z" ofa p.osﬁ' pre;‘m;(ec;;‘ ‘hzeoé;y Meeting of the
different ways for a particular purpose, such as a speech encoding PSOLA-based FO smoothing facility [3]. For experimental purposes, the [ a | = Same Ph P ’ ° coustical Society of America in New York, May 2004.

system or special type of telephone system. Elicited responses would original FO of some segments was left unaltered, to explore the perceptual 57 [IS U7 (all natural) \0’; Different Speaker, No samples 306/100% For a more general overview of our perceptual theories and related work see
include judgments concerning acceptability, naturalness, segmental consequences of F0 incongruity. m - Different Phoneme P http:/www.nov: projects/mit_2004.pdf .

intelligibility, speaker identity, and signal quality.

Table 2: Stimulus Composition. (Ct?lors Refer to Source Utterance in Table 2.)
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