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AcousticPhonetics

DavidHouse

Speechphysiologyandspeech
acoustics

Thelungsandthelarynx

• Expiratoryrespiration–generatesound

• trachea luftstrupen
• larynx struphuvudet

– cartilage,musclesandligaments
– glottis röstspringan

– vocalfolds stämläpparna
•vocalismuscle,vocalligament

• epiglottis struplocket
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Voice

• Biologicalfunctionofthelarynx
– Protectthelungsandairwayforbreathing

– Stabilizethethoraxforexertion

– Expelforeignobjectsbycoughing

• Phonationandvoicesource
– Creationofperiodicvoicedsounds

– Vocalfoldsarebroughttogether,airisblown
outthroughthefolds,vibrationiscreated

M uscularcontrolofphonation

• Lateralcontroloftheglottis
– adduction(forprotectionandvoicedsounds)

– abduction(forbreathingandvoicelesssounds)

• Longitudinalcontroloftheglottis
– tensionsettingsofthevocalismuscle

– controloffundamentalfrequency(F0)

Voicequality

• Phonationtype(lateraltension)
– Tense(pressed)voice pressad

– Normal(modal)voice modal

– Flow phonation flödig
– Breathyvoice läckande

• Vocalintensity
– Interactionbetweensubglottallungpressure
andlateral(adductive)tension

Voicepitch

• Pitchlevel
– high-pitchedorlow-pitchedvoice(averageF0)

• Pitchrange
– largeorsmall

• Register
– modal

– falsetto

– creak knarr

Useofvoiceinnormalspeech

• Boundarysignalling
– vocalintensitygreatestatphrasebeginnings

– pitchgenerallyhigheratphrasebeginning
– creakasasignalofphraseendings

• Socialmarker
– voicequalityasasignalofgroupidentity
(dialect)

• Expressionofattitudeandemotion
– happyorangry

– seriousorsensual



DavidHouse:GSLT HT04Acousticphonetics,
physiology,psychoacousticsandspeechperception

2004.09.14

3

Source-filtertheory

• Voice-sourcewaveform (duringphonation)
– Transglottalairflow measurements

• Spectrum ofthevoicesource
– Decreasesinamplitudewithincreasingfrequency

• Vocaltractresonances
– Dependentonpositionofthetongueandlips

• Spectrum ofradiatedsound
– Sum ofvoicesourceandvocaltractresonances

From Sundberg:Röstlära

Vowelsandconsonants

• Speechproduction(phonetics)
– Freeairpassagethroughthepharynx,mouthandthe
lips= vowel

– Constrictedorclosedairpassage= consonant

• Function(phonology)
– Nuclearinthesyllable= vowel

– M arginalinthesyllable= consonant

• Exceptions
– Somevoicedconsonants(e.g.syllablic☯nGD)
– Approximantsorsemi-vowels(e.g.[j][w])

Thevocaltract

• Throat,(svalget):pharynx,faryngal

• Oralcavity,(munhålan):os,oral

• Nasalcavity,(näshålan):nasus,nasal

From Laver:PrinciplesofPhonetics
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Vowelarticulation

• Cardinalvowels
– Referencevowels

– Fourcornervowelsform thecornersofthevowelchart

• Descriptiveterminology
– Close-open(high-low) sluten-öppen

– Front-back främre-bakre

– Unrounded-rounded orundad-rundad

– Oral-nasal(e.g.French) oral-nasal

Tongueshapesoffourofthecardinalvowels

From Elert:Allmänochsvenskfonetik

SwedishVowels(allophones)
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From Elert:Allmänochsvenskfonetik

Phonologicalfeatures

• Binaryfeaturesforvowels
– e.g.

•+ high

•+ low

•+ back

•+ round

• Featurematrix
– Featurespecificationforeachphoneme

From Gårding:Kontrastivfonetikochsyntaxmedsvenskaicentrum

Vowelacoustics

• Spectrogram
– Narrow bandspectrogram

– W idebandspectrogram

• Formants(F1,F2,F3,F4)

• Acousticvoweldiagram (F1,F2)

• Formanttransitions

From Ladefoged:A courseinphonetics

Acousticvoweldiagram (F1,F2)
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Consonantarticulation

• Voicelessorvoiced
– fortisorlenis

– aspiratedorunaspirated

• M annerofarticulation
– How isthesoundproduced?

• Placeofarticulation
– W hereistheconstrictionorclosurelocated?

M annerofarticulation

• Fricatives frikativor(spiranter)

• Stops,plosives klusiler,explosivor
– aspiration

– unreleased
– affricates(stop+ fricative) affrikator

• Liquids likvidor
– laterals lateraler

– trills tremulanter(vibranter)

• Nasals nasaler

Thetongue:lingua

• Tonguetip:apex,apikal

• Tongueblade:predorsum,predorsal(also
corona,coronal)

• Tongueback:dorsum,dorsal

• Tongueroot:radix

Thepalate

• Alveolarridge(tandvallen):alveoli,
alveolar

• Hardpalate(hårdagommen):palatum,
palatal

• Softpalate(mjukagommen):velum,velar

• Uvula(tungspenen):uvula,uvular

Theteethandlips

• teeth:dentes,dental

• lips:labia,labial
– rounded-labialised

– unrounded-delabialised
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From Ladefoged:A courseinphonetics

Placeofarticulation(IPA)

• Bilabial

• Labiodental

• Dental

• Alveolar

• Postalveolar

• Retroflex

• Palatal

• Velar

• Uvular

• Pharyngeal

• Glottal(laryngeal)

Swedishconsonants

SJ-LJUDET ISVENSKA Phonologicalfeatures

• +consonant

• +sonorant

• +obstruent

• +anterior

• +coronal

• +continuant

• +voice
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From Gårding:Kontrastivfonetikochsyntaxmedsvenskaicentrum

Consonantacoustics(1)

• Fricatives
– Noisefrequency
– Formanttransitionsinadjoiningvowels

• Stops
– Occlusionphase(silence)

– Plosiverelease
– Aspiration

– Formanttransitionsinadjoiningvowels

Consonantacoustics(2)

• Liquids
– Laterals

•Formantssimilartovowels,lowerintensity

•Formanttransitions

– Trills
•Quicklyrepeatedstops

•Shortvowel-likepulses

•Formanttransitions

Consonantacoustics(3)

• Nasals
– Vowel-likewithlowerintensity

– Nasalresonances(nasalformants)

– Formanttransitionsinadjoiningvowels

Prosody

• Suprasegmentalspeechcharacteristics
– Temporalrelationships

– Stresspatterns

– Speechrhythm

– Intonation

• Functionsofprosody
– Lendprominence(emphasize,de-emphasize)

– Groupingfunction(combine,separate)

Prosodiccategories

• Stress(syllable)
– Speechrhythm,alternatingstressed-unstressed

• W ordaccent(word)
– accentI(acute),accentII(grave)

• Focus(phraseaccent)
– Emphasis,contrastiveemphasis

• Juncture(phrase,utterance)
– Boundarysignalsandconnectivesignals
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Acousticfeaturesofprosody

• Time(quantity)

• Fundamentalfrequency(F0)(pitch,
intonation)

• Intensity(loudness)
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Psychoacousticsandspeech
perception

DavidHouse

Hearingacuity

• Sensitiveforsoundsfrom 20to20000Hz

• Greatestsensitivitybetween1000-6000Hz

• Non-linearperceptionoffrequencyintervals
– E.g.octaves

•100Hz -200Hz-400Hz-800Hz-1600Hz

– 100Hz-800Hzperceivedasalargedifference

– 3100Hz-3800Hzperceivedasasmalldifference

Absoluteauditorythreshold
Demo:SPL (Soundpressurelevel)dB

• Decreasingnoiselevels
– 6dB steps,10steps,2*

– 3dB steps,15steps,2*

– 1dB steps,20steps,2*
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Constantloudnesslevelsinphons Demo:SPL andloudness(phons)

• 1)50-100-200-400-800-1600-3200-6400Hz
– 1a:constantSPL 40dB,2*

– 1b:constant40phons,2*

• 2)125-250-500-1000-2000-4000-8000Hz
– Decreasesby5dB in10stepsateachfreq.

– Counthow manystepsyouhearateach
frequency

Relationshipphon-sone

Demo:0,01-0,1-1-10son(2*)

Criticalbands

• Bandwidthincreaseswithfrequency

• Demo:criticalbandsbymasking
– 2000Hztonedecreasesby5dB in10steps(2*)

– M askingwithnoise(wideband)(2*)

– M askingwithnoise(1000Hzbandwidth)(2*)

– M askingwithnoise(250Hzbandwidth)(2*)

– M askingwithnoise(10Hzbandwidth)(2*)

• How manystepscanyouhear?

Criticalbandsdemo(2)
• Fm=200Hz(criticalbandwidth50Hz)

– B= 300,204,141,99,70,49,35,25,17,12Hz

• Fm =800Hz(criticalbandwidth80Hz)
– B=816,566,396,279,197,139,98,69,49,35Hz

• Fm =3200Hz(criticalbandwidth200Hz)
– B=2263,1585,1115,786,555,392,277,196,139,98Hz
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Effectsofmasking Effectsofmasking

• Low frequenciesmoreeffectlymaskhigh
frequencies

• Demo:how manystepscanyouhear?
– a)maskingtone1200Hz,stimulus2000Hz

– b)maskingtone2000Hz,stimulus1200Hz

Holisticvs.analyticlistening

• Demo1:audibleharmonics(1-5)

• Demo2:melodywithharmonics

• Demo3:vowelsandaudibleformants

Circularityinpitch
• R N Shepard

• J-C Risset

• JLiljencrants

http://asa.aip.org/sound.html

Perceptionofvowels

• Formants(generalrelationshipacoustics-
articulation)
– F1:informationonjaw opening

•higherF1= moreopen

– F2:informationonfront-back
•higherF2=morefront

– F3:informationonliprounding
•lowerF3=morerounded

Perceptionofvowels

• Identification
– Perceivewhichvowelispronounced

• Discrimination
– Hearthattwovowelsoundsaredifferent

• Categoricalperception
– Difficulttodiscriminatewithinacategory

– Easytodiscriminatebetweencategories
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Perceptionofstops

• Frequencyoftheburstrelease
– Providesinformationonplaceofarticulation

• Formanttransitionsinadjoiningvowels
– Alsoinformationonplaceofarticulation

• Voicedocclusionoraspiration
– Providesinformationonmannerofarticulation

Perceptionofstops

• Earlyexperimentswithspeechsynthesis
– Formanttransitionsaloneweresufficientto
identifyplaceofarticulation(ba-da-ga)

– Identificationanddiscriminationofstops

• Categoricalperceptionofstops
– Difficulttodiscriminatewithinacategory

– Easytodiscriminatebetweencategories
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[g]

[b]

[d]

Earlyperceptionexperiment:
noiseburstprecedingdifferentvowels

stimuli results

Libermanetal.JASA 24,1952,599

Invarianceandsegmentation
problem

Invarianceandsegmentation
problem

• Thesamephonemehasdifferentcuesindifferent
contexts,e.g.F2-transitionsfor[di][du].

• W herearethesegmentboundaries?

• Problem isaresultofcoarticulation

• Problem hasinspiredtheclassicperception
theories

Classictheoriesofspeech
perception

• Invariancetheory
– Theacousticsignalisthemostimportant(invariant)

• M otortheory
– Speaker’snerveimpulsesforspeechmotorcontrolare
calculatedbythebrainbyanalysingtheacousticsignal.

– Articulationisthemostimportant

• Directperception
– Thespeaker’sarticulatorymovementsaredirectly
perceivedbythelistener
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Cognitivetheories

• Top-downspeechprocessing
– Expectationandlinguisticknowledgesetthe
frame

– Incomingwordsarecomparedtohypotheses

• Bottom-upprocessing
– Acousticsignalistransferredtowords

– M essageformedfrom words

Psycholinguistics

• Thementallexicon

• “Top-down”perceptionandcontext
– experimentswithfilteredspeech

– experimentswithphonemedetection(e.g.[s])
•”Theyhadbeenupallnightandneededtosleep”

•”Theydidn’tknow iftheywouldbeabletosleep”

Speechacquisitiontheories

• Innate
– Possiblepsychophysicallimits

– e.g.thenumberofvowelsthatcanbediscriminated

• Acquired
– Language-specificcategories

• Severalhigh,frontvowelsinSwedish:languagecategories
developmakinguseofpsychophysicallim its

• OnehighfrontvowelinJapanese:categorydifferencesarelost


