4 Phonetics

Speechs averyhierarchicabndcomplex physicalphenomenorincludingissueselatedo cognition,
languagephysiology, hearingandacousticsA researchncludingfeaturesof thesefieldsis referred
to asphoneticsin aview of speectprocessingve needto focuson lower catgoriesthatconcernfor
example,following issues:

Whatkind of phonemsdo exist? Whatis the fundamentafrequeng/what arethe formantsat a
giventime?How the speecltshouldbe coded2Whatphonemeganbefoundin the speectsample?

To answerthesegquestion®onemustmalke clearof basicknowledgeon speectsignalandspeech
itself.

Mostof theacoustigropertiesof speectstemfrom thepropertiesof thespeectproductionsystem
whichwill now be studiedandlateron pursuedo model.

SpeechOrgans
Nice figuresrelatedto thistext canbefoundin
http://www.opiskelijaki rj asto.li b.hels in ki. fi /f onter m/006. htm (text
in Finnish)or
http://www.phon.ox.ac .u k/~ jc ol eman/ phonat io n.h tm (english)

Acousticallythinking, speectconsistsof the variationof air pressurghat hascompressedair in
lungsasa power source Wheninhaling, the diaphragmandthe intercostaimusclesightencausing
the chestto expand,yielding low pressuran the lungsandair flowing in. In exhaling the muscles
relax causingthe chestto shrink andthe air flows out becauseof high pressureSpeechs present
almostexclusiely in exhaling.Whatis goodto keepin mindis thatthe speeclorgans(lungs,tongue,
vocalcordsetc.)have originally developedto enableotherhumanactvities lik e breathingandeating,
andhave only lateradaptedo speechproduction.

The larynx is a sophisticatedrgan, whosepartis to changethe air flow from lungsinto perio-
dic pressurdluctuation.The larynx comprisesof the following parts:the thyroid cartilage (adams
apple),thevocalfoldsandthe arytenoidcartilage. The gap betweenvocal cordsis calledthefissue
of glottis or the glottis andit comprisef thevocalglottis (betweerthe vocalfolds) andof the carti-
laginousglottis (betweerthe arytenoidcartilages)Homo sapiensancontrol the shapeof the glottis
in diversifiedpositionsby usingthemusclesn thelarynx.

Thevocaltractis ageneratermfor thespeeclorgansafterlarynx. It splitsin partsithepharyngeal
cavitythenasalcavityandthe oral cavity.

Themostimportantorgansin thevocaltractarethetongue the softpalate thelower jaw andthe
lips. Thetongueis the mostimportantorgan for speechproduction:its differentposturesdetermine
the mostof phonemesThe soft palateis a musclethat can separatehe oral cavity from the nasal
cavity.

ShortEnglish-Finnishvocalulary:

alveolar ridge hammasalli
arytenoid cartilage kannurusto

bronchus keuhloputki
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cartilage rusto

cricoid cartilage rengasrusto
diaphragm pallea

epiglottis kurkunkansi
falsevocalfolds taskuhuulet
glottis &aniralo

hyoid bone kieliluu

larynx kurkunpaa

lungs keuhlot

nasalcavity nenaontelo
palate kitalaki

thyroid cartilage kilpirusto
tongue kieli

trachea henkitorvi
vocalfolds &anihuulet
vocaltract aantévayla

oral pharynx, pharyngeal cavity nieluontelo
pharynx nielu

uvula kitakieleke

velum, soft palate kitapurje

SpeechProduction

Speechs producedvhentheair originatingfrom thelungspasseshevocalfolds andgetsmodulated
in thevocaltract. Thesoundattheglottis canbeinterpretecasanexcitationfiltered by thevocaltract.
The air flow asitself is soundlessandso the phonemesre producedoy makingchangego the air
flow. Themostimportantmechanismarethevibrationof thevocalcordscausingperiodicexcitation,
forming narrav passag@é thevocaltractcausingnoisyexcitation,andclosingthevocaltractentirely
in someplaceandthenremaoving the closure which causeanimpulse-like excitation.

In thefollowing we presenthe differenttypesof excitation:
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Figurel: Principalorgansof speeci{T.W. ParsonsVoiceandSpeectProcessingMicGrav-Hill, Inc.,
1987.s.63).

phonation the mostimportanttype of excitation causedy regularvibration of thevocalfolds. The
glottisopensandcloseseriodicallycausingchoppingup of theair flow, typically onfrequeng
of 50-500Hz dependingon the spealer. One open-close-sequende called a period andits
durationdetermineshefundamentafrequeng. Phonemesvith vibratingvocalfolds arecalled
voicedsoundge.g.vowelsandresonansounds).

breathing duringnormalbreathing(notalk) theglottisis wide open.
unvoicedsounds theglottis is moreor lessopenandthevocalfolds arenotvibrating.

whisper duringwhisperthevocalglottis is closedandthe cartilaginousglottis is opencausingfric-
tion (or friction noise).

The modulationmodifies (filters) the excitation accordingto the postureof the speechorgans.
Eachphonemas relatedto atypical postureandshapeof the vocaltractwhich canbe modeledasan
acoustictube. The shapeof the tubebuilds up certainresonancies;alledformants,thatcanbe seen
in the spectrumof the sound.Formantsareof fundamentalmportancein the modulationperformed
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Aald

hengitys kuiskaus soinnilliset  soinnittomat
adnteet aanteet

Figure2: Positionof vocalfolds in differentphonationtypes.Fromleft to right: breathingwhisper
phonationunvoiced.

by thevocaltract;the classificatiorof all vowelsandsomeof the consonantsanbe doneby looking
attheformants(frequeng, strengthandbandwidth).

Thefollowing sectiongdescribethe essential®f how the speeclorgansproducea certainphone-
me andwhat arethe acousticpropertiesof the sounddueto the configurationof the speeclhorgans.
Articulatory phoneticscoversthe scienceof configurationsof the speechorgansto producea par
ticular phonemeAcousticphoneticss the scienceof the relationsbetweerthe configurationsof the
speeclorgansandthe acoustiovave. Acousticphoneticswill bediscussedn Section4.2.

4.1 Articulatory phonetics

Oneimportantgoal of phoneticsis to classifyall phonemesxisting in all languageskFor this pur-
poselnternationalphoneticalphabet(IPA) wascreatedn 1888.Most scientistareunanimousof the
classificationbut for notationalreasongthereareno symbolsof IPA in typewriters) otherphonetic
alphabetarealsoused for instanceArpabet.

IPA-classificationcanbe foundin

http://www.arts.gla.ac. uk/l PAfu Il chart. html

Phonemesganbe consideredn the phoneticalbasis,meaningthatthe examinationis not based
on ary particularlanguageput the descriptionof the phonemess asaccurateaspossiblebasedon
theirarticulation(postureof speeclhorgans).Anotherapproachs the phonolayical one,in which one
examinesthe phoneme®f a particularlanguagegspeciallythe classef phonemesvhich will be
interpretecto be samein the languagen question.For instance[k] and[p] aredifferentsoundsn
Finnishbecaus¢hewordkala (fish)is differentthanpala (piece)Meanwhile thephonemess] (in
theword “pass”) and[sh] (in theword “shot”) do not changethe meaningof ary word in Finnish,so
they areinterpretedasthe samesoundin Finnish.In Russianfor instancethey aredifferentsounds.
We will briefly returnto the phonologicalapproachafterthe descriptionof the phonemes.

Description of Phonemes

Speechorganscan createnumerouddistinct phonemesbut only a part of themwill be appliedin
speechA usefullgroupingis givenbelow.

VowelsThe phoneme®f all know languagesanbe dividedinto vowelsandconsonantsvowels
arevoiced phonemesluring which the vocal tractis open.However, in somelanguagesit may be
usefulto fine-tunethis definition.For example,in Finnish,vowelscanbe definedassoundsin which
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the voice hasan unrestrainedvay out throughthe middle part of the mouth’ (by this definition, we
getrid of thenasaldn] and[m], andthelateralll]).
Thevowelscanbefurtherclassifiedbasedn thefollowing properties:

e thepostureof thetongue
¢ theroundnessf thelips

e how nasalis thesound

Thepositionof the narravestspotcausedy thetongueis particularlycrucialfor the sound.This
canbepresentedsthevoweldiagram, wheretheeffect of thehighestpositionof thetonguehasbeen
illustrated.

[1] vl [u]

[&] [a]

Figure 3: Vowel diagramrepresentinghe highestposition of the tonguein differentwovels. The
simplified picturerepresentshe mouthof a persondooking at left.

Theroundnes®f thelips hasthe following effect on the terminology:A phonemecanbe called
labialif thelips areround,andillabial otherwiseFor instancdji] (in) and[y] (news)in Finnishdiffer
from eachothermostlybasedn theroundnes®f thelips.

Nasalityis relatedto whetherthe soft palateis down or up. Whenit is down (i.e., open),the air
flows to the nasalcavity, anda nasalsoundis producedWhenthe soft palateis up, an oral soundis
produced.

The vowels in Finnishare [a],[e],[i],[0],[u].[y].[&] ja [0]. In addition,thereare diphthongsthat
consistof two different, successie vowelsthat occurin the samesyllable,for examplein the word
bay . EspeciallyEnglishlanguagealsocontaingriphthongsthat containthreevowelsinsteadof two,
for examplein fire andtower

Consonantg-or consonantd is typical thatthe air flow is somehav hinderedin the mouth.The
consonantsanbe classifiedbasedn:
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¢ theway of pronounciation
e timbre

e theplaceof pronounciation

Theway of pronounciationdescribedow freetheair flow is in pronouncinghe consonantThe
consonantsiaving free air flow arecalledresonantandthosewhich don't have free flow arecalled
obstruents

Resonantsanbe furtherdividedinto:

e semi-vowe(akaglideg. Thesearelike vowels but the tongueor the lips form a narraver pas-
sagethanin the pronounciatiorof vowels. In finnish,[j] (yes ) and[v] (via ), andin English,
[w] (water ), aresemi-vowels.

e nasals Theair flows throughthe noseonly. In finnish[n], [m], [ng] (doing ).

¢ liquid consonantsThe air flows from the mouthin a differentmannerthanin vowels. This
classis further divided into laterals wherethe air flows over the edgesof thetongue([l]) and
tremulantsvheretheair flow is discontinoug([r]).

Thegroupingof obstruentanalsoberefined:

e stops(akaplosives. In theseobstruentsheair flow is fully closed.n Finnish[p], [t], [K]. Also
[b] (bank), [d] (duck ), [g] (gate ) canbe consideredasphonemesn Finnishalthoughnot
everyoneis usingthem; by theway, thesearethevoicedversionsof [p] (aparatus ), [t] (it ),
[K] (tackle ).

e fricatives Theair flow is partially suppresseds] (sip ), [h] (hit ), and[f] (fit ).

In addition,in Finnishall phonemesexcluding [d], [g] and[f] canbe doubled,for instancewords
muta (mud),mutta (but), muuta (else),mutaa (of mud)ja muuttaa (change,mee)areall dif-
ferentwords.The[ng]-phonemas alwayslong unlesghefollowing phonemas aconsonantkenka
(shoe)) Moreover, [v] and[h] areseldomlong exceptin “end-doublings’(homevvaurio ).

In conclusionthe classificationof phonemesn Finnishaccordingto theway of pronunciations
asfollows (long phonemegxcluded):

e vowels:[a],[e][i].[o],[u],[y].[&].[6]
e consonants

— resonants

* semi-vowels:[j],[v]
x nhasals{n],[m],[ng]
x laterals]l]

x tremulant:[r]

— obstruents
* fricatives:[h],[s] (alsolf] )
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+ stops:[p],[t],[k] ([b].[d],[g])

Timbre characterisegvhetherthe consonants voiced or non-wiced.All the consonant&xcept
[p].[t].[K],[h] ja[s] (and[f]) arevoicedin Finnish.

Theplaceof pronounciationtells wherein the vocal tractis the mostimportantnarrov passage.
For instancedp] and[t] areboth unvoicedstopsbut [p] is placedin thelips and[t] behindtheteeth.
Thedifferentlocationsare:

bilabial betweerthelips

labiodental betweerthelower lip andthe upperteeth

dental betweertheteeth

alveolar betweernthealveolarridgeandthetongue
palate-alveolar betweerthefrontal palateandthetongue
palate betweerthe palateandthetongue

velar betweerthesoft palateandthetongue

uvular betweerthetip of the soft palate(uvula)andthetongue
pharyngal betweerthe backof pharynxandthetongue

Basedonthesepropertiesall theconsonantsanbeclassifiedFor instance[m] is avoicedbilabial
nasaland[k] is anunvoicedpalatalstop.

Phonology

Thegeneralbstractlassof speeclsoundss calledphonemeavhereanesinglespolkenrealization
of aphonemas calleda phone Thus,all phonesarein princible different. The phoneme$elonging
to the sameclassin someparticularlanguage having still clear phoeneticaldifference,are called
allophonesFor instancein Finnishall vowels canbe pronouncedn nasalfashionwithout changing
themeaningof words,meaninghattheseareallophonesn Finnishlanguageln otherwords,nasality
is aphoneticfeaturein Finnishbut for examplein French,it is aphonologicafeature.

Joint Articulation

Although we hearphonemessdiscreteobjects,the successie phonemesreactuallymeiging into
eachother Thisis dueto therelatively slow changen thepostureof the speectorgans,duringwhich
thewaveformis smoothlychangingits form. Moreover, it is rathercommonthatwhenthe phoneme
hasbeenpronouncedclearly enough’(in orderto thelistenerto understand)the organsstartmoving
into the posturedemandedby the next phonemeTheallophoneusedin a particularutterancausually
depend®nthesurroundingphonemesgspeciallyon the next phoneme.
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Prosody

Prosodystandgfor the 'long-term’ propertiesof speechwhich containmainly quantity weightand
intonation.Insteadof a phonemethe smallestunit in prosodyis usuallya syllable Thereis no uni-
versaldefinitionfor syllable,but it canbe definedin onelanguageatatime. In Finnishlanguagehe
main-ruleis thatthe borderof the syllableis locatedin front of every CV (consonantyowel) group.
(e.g.pu-heen-ka-sit-te-ly)Acoustically the syllableborderscanberoughly setin the positionswhe-
re the acousticwave hasminimain power. In linguistics,a syllableis often a more usefulunit than
singlephonemes.

Quantitymeanghelengthof thespeechsoundsin somelanguagege.g.Spanishthelenghtdoes
notchangehe meaningof words.Meanwhile,in Finnish,the quantityis adistinguishingfeatureboth
in vowels (muta , muuta ) andin consonant¢muta , mutta ). The quantityof a sounddependsn
severalfactors,suchas’the naturallength’ of thesoundthepropertief the surroundingsoundsthe
positionof thesoundin the syllableandthe weightof the sound.

The weight asit says,meansthe weighting of somephonemeusually using more power or
alteringthe pitch. Thus,theweightis in practicecreatedoy alteringthe air pressuren the lungsand
by adjustingthetensionof thevocalfolds. Theterm’weigth’ mayreferto eithersyllableweightor to
word weight,althoughin Finnishthe syllableweightis alwayson thefirst syllable.

Intonation refersto the changesof pitch during a longer period of time, for instanceduring a
sentenceRitchcanalterthe meaningof wordsin somelanguagese.g.Chineselutit is alsoapplied
to expresspunctuationsn otherlanguagestoo. In Englishthe pitch raisestowardsthe end of an
interrocative clause whereadn Finnishthe pitch in aninterrogative clauseis constantlysomevhat
higherthanin declaratve sentencedntonationis mainly implementedyy controlling the tensionof
thevocalfolds.
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