
4 Phonetics

Speechisaveryhierarchicalandcomplex physicalphenomenon,includingissuesrelatedto cognition,
language,physiology, hearingandacoustics.A researchincludingfeaturesof thesefields is referred
to asphonetics. In aview of speechprocessingweneedto focuson lowercategoriesthatconcern,for
example,following issues:

What kind of phonemsdo exist? What is the fundamentalfrequency/what arethe formantsat a
giventime?How thespeechshouldbecoded?Whatphonemescanbefoundin thespeechsample?

To answerthesequestionsonemustmake clearof basicknowledgeon speechsignalandspeech
itself.

Mostof theacousticpropertiesof speechstemfrom thepropertiesof thespeechproductionsystem
whichwill now bestudiedandlateronpursuedto model.

SpeechOrgans

Nicefiguresrelatedto this text canbefoundin
http://www.opiskelijaki rj as to .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, speechconsistsof thevariationof air pressurethathascompressedair in
lungsasa power source.Wheninhaling, thediaphragmandthe intercostalmusclestightencausing
the chestto expand,yielding low pressurein the lungsandair flowing in. In exhaling the muscles
relax causingthe chestto shrink andthe air flows out becauseof high pressure.Speechis present
almostexclusively in exhaling.Whatis goodto keepin mind is thatthespeechorgans(lungs,tongue,
vocalcordsetc.)haveoriginally developedto enableotherhumanactivities likebreathingandeating,
andhaveonly lateradaptedto speechproduction.

The larynx is a sophisticatedorgan,whosepart is to changethe air flow from lungsinto perio-
dic pressurefluctuation.The larynx comprisesof the following parts:the thyroid cartilage (adam’s
apple),thevocal foldsandthearytenoidcartilage. Thegapbetweenvocalcordsis calledthefissure
of glottisor theglottisandit comprisesof thevocalglottis (betweenthevocalfolds)andof thecarti-
laginousglottis (betweenthearytenoidcartilages).Homosapienscancontroltheshapeof theglottis
in diversifiedpositionsby usingthemusclesin thelarynx.

Thevocaltract isageneraltermfor thespeechorgansafterlarynx.It splitsin parts:thepharyngeal
cavity,thenasalcavityandtheoral cavity.

Themostimportantorgansin thevocaltractarethetongue, thesoftpalate, thelower jaw andthe
lips. The tongueis themostimportantorgan for speechproduction:its differentposturesdetermine
the mostof phonemes.The soft palateis a musclethat canseparatethe oral cavity from the nasal
cavity.

ShortEnglish-Finnishvocabulary:

alveolar ridge hammasvalli

arytenoid cartilage kannurusto

bronchus keuhkoputki
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cartilage rusto

cricoid cartilage rengasrusto

diaphragm pallea

epiglottis kurkunkansi

falsevocal folds taskuhuulet

glottis äänirako

hyoid bone kieliluu

larynx kurkunpää

lungs keuhkot

nasalcavity nenäontelo

palate kitalaki

thyroid cartilage kilpirusto

tongue kieli

trachea henkitorvi

vocal folds äänihuulet

vocal tract ääntöväylä

oral pharynx, pharyngeal cavity nieluontelo

pharynx nielu

uvula kitakieleke

velum, soft palate kitapurje

SpeechProduction

Speechis producedwhentheair originatingfrom thelungspassesthevocalfoldsandgetsmodulated
in thevocaltract.Thesoundat theglottiscanbeinterpretedasanexcitationfilteredby thevocaltract.
Theair flow asitself is soundless,andso thephonemesareproducedby makingchangesto theair
flow. Themostimportantmechanismsarethevibrationof thevocalcordscausingperiodicexcitation,
formingnarrow passagein thevocaltractcausingnoisyexcitation,andclosingthevocaltractentirely
in someplaceandthenremoving theclosure,whichcausesanimpulse-like excitation.

In thefollowing wepresentthedifferenttypesof excitation:

17



Figure1: Principalorgansof speech(T.W. Parsons,VoiceandSpeechProcessing,McGraw-Hill, Inc.,
1987.s.63).

phonation themostimportanttypeof excitationcausedby regularvibrationof thevocalfolds.The
glottisopensandclosesperiodicallycausingchoppingupof theair flow, typically onfrequency
of 50-500Hz dependingon the speaker. Oneopen-close-sequenceis calleda periodand its
durationdeterminesthefundamentalfrequency. Phonemeswith vibratingvocalfoldsarecalled
voicedsounds(e.g.vowelsandresonantsounds).

breathing duringnormalbreathing(no talk) theglottis is wide open.

unvoicedsounds theglottis is moreor lessopenandthevocalfolds arenotvibrating.

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

The modulationmodifies(filters) the excitation accordingto the postureof the speechorgans.
Eachphonemeis relatedto a typicalpostureandshapeof thevocaltractwhichcanbemodeledasan
acoustictube.Theshapeof thetubebuilds up certainresonancies,calledformants,thatcanbeseen
in thespectrumof thesound.Formantsareof fundamentalimportancein themodulationperformed
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Figure2: Positionof vocal folds in differentphonationtypes.Fromleft to right: breathing,whisper,
phonation,unvoiced.

by thevocaltract;theclassificationof all vowelsandsomeof theconsonantscanbedoneby looking
at theformants(frequency, strengthandbandwidth).

Thefollowing sectionsdescribetheessentialsof how thespeechorgansproducea certainphone-
meandwhataretheacousticpropertiesof thesounddueto theconfigurationof thespeechorgans.
Articulatory phoneticscovers the scienceof configurationsof the speechorgansto producea par-
ticular phoneme.Acousticphoneticsis thescienceof therelationsbetweentheconfigurationsof the
speechorgansandtheacousticwave.Acousticphoneticswill bediscussedin Section4.2.

4.1 Articulatory phonetics

Oneimportantgoal of phoneticsis to classifyall phonemesexisting in all languages.For this pur-
poseInternationalphoneticalphabet(IPA) wascreatedin 1888.Most scientistareunanimousof the
classificationbut for notationalreasons(thereareno symbolsof IPA in typewriters) otherphonetic
alphabetsarealsoused,for instanceArpabet.

IPA-classificationcanbefoundin
http://www.arts.gla.ac. uk /I PA/fu ll ch ar t. htm l
Phonemescanbeconsideredon thephoneticalbasis,meaningthat theexaminationis not based

on any particularlanguage,but the descriptionof the phonemesis asaccurateaspossiblebasedon
theirarticulation(postureof speechorgans).Anotherapproachis thephonological one,in whichone
examinesthe phonemesof a particularlanguage,especiallythe classesof phonemeswhich will be
interpretedto be samein the languagein question.For instance,[k] and[p] aredifferentsoundsin
Finnishbecausethewordkala (fish)is differentthanpala (piece).Meanwhile,thephonemes[s] (in
theword “pass”)and[sh] (in theword “shot”) donot changethemeaningof any word in Finnish,so
they areinterpretedasthesamesoundin Finnish.In Russian,for instance,they aredifferentsounds.
Wewill briefly returnto thephonologicalapproachafterthedescriptionof thephonemes.

Description of Phonemes

Speechorganscancreatenumerousdistinct phonemes,but only a part of themwill be appliedin
speech.A usefullgroupingis givenbelow.

VowelsThephonemesof all know languagescanbedividedinto vowelsandconsonants.Vowels
arevoicedphonemesduring which the vocal tract is open.However, in somelanguages,it may be
usefulto fine-tunethisdefinition.For example,in Finnish,vowelscanbedefinedassounds’in which
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thevoicehasanunrestrainedway out throughthemiddlepart of themouth’ (by this definition,we
getrid of thenasals[n] and[m], andthelateral[l]).

Thevowelscanbefurtherclassifiedbasedon thefollowing properties:
� thepostureof thetongue

� theroundnessof thelips

� how nasalis thesound

Thepositionof thenarrowestspotcausedby thetongueis particularlycrucialfor thesound.This
canbepresentedasthevoweldiagram, wheretheeffectof thehighestpositionof thetonguehasbeen
illustrated.

[i] [y] [u]

[e] [ö] [o]

[ä] [a]

Figure 3: Vowel diagramrepresentingthe highestposition of the tonguein different wovels. The
simplifiedpicturerepresentsthemouthof apersonslookingat left.

The roundnessof the lips hasthe following effect on the terminology:A phonemecanbecalled
labial if thelips areround,andillabial otherwise.For instance[i] (in) and[y] (news) in Finnishdiffer
from eachothermostlybasedon theroundnessof thelips.

Nasality is relatedto whetherthesoft palateis down or up. Whenit is down (i.e., open),theair
flows to thenasalcavity, anda nasalsoundis produced.Whenthesoft palateis up,anoral soundis
produced.

The vowels in Finnishare [a],[e],[i],[o],[u],[y],[ä] ja [ö]. In addition,therearediphthongsthat
consistof two different,successive vowels thatoccurin thesamesyllable,for examplein theword
bay . EspeciallyEnglishlanguagealsocontainstriphthongsthatcontainthreevowelsinsteadof two,
for examplein fire andtower

ConsonantsFor consonantsit is typical that theair flow is somehow hinderedin themouth.The
consonantscanbeclassifiedbasedon:
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� thewayof pronounciation

� timbre

� theplaceof pronounciation

Thewayof pronounciationdescribeshow freetheair flow is in pronouncingtheconsonant.The
consonantshaving freeair flow arecalledresonantsandthosewhich don’t have freeflow arecalled
obstruents.

Resonantscanbefurtherdividedinto:

� semi-vowel(akaglides). Thesearelike vowelsbut thetongueor the lips form a narrower pas-
sagethanin thepronounciationof vowels.In finnish,[j] (yes ) and[v] (via ), andin English,
[w] (water ), aresemi-vowels.

� nasals. Theair flows throughthenoseonly. In finnish[n], [m], [ng] (doing ).

� liquid consonants. The air flows from the mouth in a differentmannerthan in vowels. This
classis furtherdivided into laterals wheretheair flows over theedgesof the tongue([l]) and
tremulantswheretheair flow is discontinous([r]).

Thegroupingof obstruentscanalsoberefined:

� stops(akaplosives). In theseobstruentstheair flow is fully closed.In Finnish[p], [t], [k]. Also
[b] (bank ), [d] (duck ), [g] (gate ) canbe consideredasphonemesin Finnishalthoughnot
everyoneis usingthem;by theway, thesearethevoicedversionsof [p] (aparatus ), [t] (it ),
[k] (tackle ).

� fricatives. Theair flow is partially suppressed:[s] (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,move) areall dif-
ferentwords.The[ng]-phonemeis alwayslongunlessthefollowing phonemeis aconsonant(kenkä
(shoe)).Moreover, [v] and[h] areseldomlongexceptin “end-doublings”(homevvaurio ).

In conclusion,theclassificationof phonemesin Finnishaccordingto theway of pronunciationis
asfollows (long phonemesexcluded):

� vowels:[a],[e],[i],[o],[u],[y],[ä],[ö]

� consonants

– resonants
� semi-vowels:[j],[v]
� nasals:[n],[m],[ng]
� laterals:[l]
� tremulant:[r]

– obstruents
� fricatives:[h],[s] (also[f] )
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� stops:[p],[t],[k] ([b],[d],[g])

Timbre characteriseswhetherthe consonantis voicedor non-voiced.All the consonantsexcept
[p],[t],[k],[h] ja [s] (and[f]) arevoicedin Finnish.

Theplaceof pronounciationtells wherein thevocal tract is themostimportantnarrow passage.
For instance[p] and[t] arebothunvoicedstopsbut [p] is placedin the lips and[t] behindthe teeth.
Thedifferentlocationsare:

bilabial betweenthelips

labiodental betweenthelower lip andtheupperteeth

dental betweentheteeth

alveolar betweenthealveolarridgeandthetongue

palate-alveolar betweenthefrontal palateandthetongue

palate betweenthepalateandthetongue

velar betweenthesoft palateandthetongue

uvular betweenthetip of thesoft palate(uvula)andthetongue

pharyngal betweenthebackof pharynxandthetongue

Basedonthesepropertiesall theconsonantscanbeclassified.For instance,[m] is avoicedbilabial
nasaland[k] is anunvoicedpalatalstop.

Phonology

Thegeneralabstractclassof speechsoundsis calledphonemewhereasonesinglespokenrealization
of a phonemeis calleda phone. Thus,all phonesarein princibledifferent.Thephonemesbelonging
to the sameclassin someparticularlanguage,having still clearphoeneticaldifference,arecalled
allophones. For instancein Finnishall vowelscanbepronouncedin nasalfashionwithout changing
themeaningof words,meaningthattheseareallophonesin Finnishlanguage.In otherwords,nasality
is a phoneticfeaturein Finnishbut for examplein French,it is aphonologicalfeature.

Joint Articulation

Althoughwe hearphonemesasdiscreteobjects,thesuccessive phonemesareactuallymerging into
eachother. This is dueto therelatively slow changein thepostureof thespeechorgans,duringwhich
thewaveformis smoothlychangingits form. Moreover, it is rathercommonthatwhenthephoneme
hasbeenpronounced’clearly enough’(in orderto thelistenerto understand),theorgansstartmoving
into theposturedemandedby thenext phoneme.Theallophoneusedin aparticularutteranceusually
dependson thesurroundingphonemes,especiallyon thenext phoneme.
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Prosody

Prosodystandsfor the ’ long-term’propertiesof speech,which containmainly quantity, weightand
intonation.Insteadof a phoneme,thesmallestunit in prosodyis usuallya syllable. Thereis no uni-
versaldefinitionfor syllable,but it canbedefinedin onelanguageat a time. In Finnishlanguagethe
main-ruleis that theborderof thesyllableis locatedin front of every CV (consonant,vowel) group.
(e.g.pu-heen-kä-sit-te-ly).Acoustically, thesyllableborderscanberoughlysetin thepositionswhe-
re theacousticwave hasminima in power. In linguistics,a syllableis oftena moreusefulunit than
singlephonemes.

Quantitymeansthelengthof thespeechsounds.In somelanguages(e.g.Spanish)thelenghtdoes
notchangethemeaningof words.Meanwhile,in Finnish,thequantityis adistinguishingfeatureboth
in vowels (muta , muuta ) andin consonants(muta , mutta ). Thequantityof a sounddependson
severalfactors,suchas’thenaturallength’of thesound,thepropertiesof thesurroundingsounds,the
positionof thesoundin thesyllableandtheweightof thesound.

The weight, as it says,meansthe weighting of somephoneme,usually using more power or
alteringthepitch.Thus,theweight is in practicecreatedby alteringtheair pressurein thelungsand
by adjustingthetensionof thevocalfolds.Theterm’weigth’ mayreferto eithersyllableweightor to
wordweight,althoughin Finnishthesyllableweightis alwayson thefirst syllable.

Intonation refersto the changesof pitch during a longerperiod of time, for instanceduring a
sentence.Pitchcanalterthemeaningsof wordsin somelanguages(e.g.Chinese)but it is alsoapplied
to expresspunctuationsin other languages,too. In English the pitch raisestowardsthe end of an
interrogative clause,whereasin Finnishthe pitch in an interrogative clauseis constantlysomewhat
higherthanin declarative sentences.Intonationis mainly implementedby controlling the tensionof
thevocalfolds.

23


