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Voice

e B ivlogical fimetion of the larynx
- Protect the Iings and atrw ay forbreathing
- Stabilize the thorax forexertion
- Expel foreign obects by coughing
e Phonation and voice source
— Creation of periodic voiced sounds

- V ocal folds are brought together, air isblown
out through the folds, vibration is created

M uscular control of phonation

¢ Lateral controlof the glottis
— adduction (forprotection and voiced sounds)
- abduction (forbreathing and voiceless sounds)
e Longiudnal controlof the glotts
- tension settings of the vocalism uscle
— controlof fimdam ental frequency (F0)

V oice quality

e Phonation type (ateral tension)
- Tense fpressed) voice pressad
- Nomal fnodal) voice modal
- Flow phonation fiddig
— B reathy voice lckande

e Vocal ntensity

— Interaction betw een subglottal Iing pressure
and Jateral @dductive) tension

V oice pitch

e Pitch level

- high-pitched orlow -piched voice @verage FO)
e Pitth range

- largeoramall
® Regiser

- modal

- falsetio

- cresk knarr

U == of voice In nom al speech

e Boundary signalling
- vocal intensity greatestat phrase beginings
— pitch generally higher at phrase begiming
— creak as a signal of phrase endings
® Socialm arker
— voice quality as a signal of group identity
(dialect)
e Expression of attitude and em otion
- happy orangry
— serious orsensual
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Flodesglottogram

Source-filter theory

® Voice-source waveform  (during phonation)
- Trnsgbtalairflow m easurem ents
e Spectrum of the voice source
- Decreases in am plinde w ith increasing frequency
® Vocal ttact resonances
- D ependenton position of the tongue and lips
e Spectum of radiated sound
- Sum of voice source and vocal tract resonances

V ow els and consonants The vocal tract
e Speech production (phonetics) e Thoat, (svalget) : pharynx, aryngal
- Free airpassage through the pharynx, m outh and the ° Oxalcavjiy, (mwnhé]an) :0s, oral
Jps=vowel ) .
- Constricted orclosed airpassage = consonant ® Nasalcavity, (hashalan):nasus, nasal

e Function (honology)
- Nuclear n the syllable = vow el
- M arginal in the syllable = consonant
e Exceptions
- Som e voiced consonants e g. syllablic @nIl &)
- Approxin antsorsem Ivowels eg. [ 1)

MUSCLES OF ARTICULATION |

NECK MUSCLES

From Laver: Principles of Phonetics
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V ow el articulation

o Cardinalvow els
- Reference vow els
— Fourcomervow els form the comers of the vow el chart

e D escriptive term nology

ST
~ interior_ Long>
- nrerler,

— Close-open high-low) shiten-Gppen

- Frontback fr3m re-bakre

— Unmwunded-rounded orundad-rundad

- Omlnasal eg.French) oralmnasal
Tongue shapes of fourof the cardinal vow els ; W_WWTT' e

apals

o

From Elert: Alln&n och svensk fonetdk

Sw edish Vow els @llophones)
VOWELS VOWELS
Front Central Back
Close 1 p Ll Close
Closemid Cx@——940——Y¥ ¢ 0 Close-mid
Open-mid O Open-mid
Open » D Open d)» (E
Where symbols appear in pairs, the one to the right Where symbols affear in pairs, the one to the night
represents a rounded vowel. represents a rounded vowel.
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Tabell 5.1 De langa och korta vokalerna i svenskt riksspraksuttal. Phono:k)g 1cal features
Ldnga vokaler Korta vokaler
fonetiskt tecken nyckelord fonetiskt tecken nyckelord .
[ai] wat (4] it e B mary features forvow els
[e] vet [e] vett, dret -eg.
[i] vit 1] vitt e+ high
[u:] bo [u] bott .. o
fur] el (83 hus [6] hund x
[y byt [v] bytt ® + back
[o:] gd . [o] gt e + round
[e] sal [€] viitt .
] har 2] karr ¢ Feaurem atix
[2:] hé [#1] host - Feature specification foreach phonem e
[ee:] hor [ce] forr
From Elert: Alln&n och svensk fonetdk
Vokalfonem fértringningens lige 1
A. Svenska e B V ow elacoustics
tungkroppens hégt i y ) u
Adge mellan e 4 o
Tagt e = ® Spectiogram
g;g;- ;z;‘:n- inrundade -N ] 1%)
lappartikulation W de
.
B. Finska P ———— Fomants F1,F2,F3,F4)
franze bakre e A cousticvow eldiagram F1,F2)
tungkroppens hisgt i y u .
lige mellan e @ ° o Fomm anttranstions
lagt € a
orun-|  rundade
dade
lippartikulation
From G arding: Kontrastiv fonetk och syntaxmed svenska icentrum

| I o m
L, D | ol
e e N W s,

Ll ix) [=] [=]

T B
. mm\ﬁ ¢ “HH'E[ |

iy L
TS0 TAGD 700 T80 1900 20

[o] [a] [e] (]
Figure 8.6 s B, ot hod,
Hawed, oo,

L

200 7

From Ladefoged: A course in phonetics

A cousticvow eldiagram  F1,F2)

F2
g888g8 88 8 g888g 88 8 F1
25 ag s 8 ¥ &8 888 rRE F 9 8
&4 & &2 2 2 g =2

i
I .
4 olu
300
*|o
ol
400
Ll
R. o
500
600
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Hz 2000 1500 2000
L T P B L

R | !
= I ] Consonantarticulation
] - ® V oiceless orvoiced
| \ t* ./04 Leco - fortds or lenis
& i/ ) - aspimated orunaspimated
\ 2 /. ? I e M annerof articulation
. /o e - How is the sound produced?
™~ " * Place of articulation
a oo - W here is the constriction or closure Iocated?
{ E
M annerof articulation The tongue: Iingua
¢ Fricatives frikativor (gpiranter) ¢ Tongue tp: apex, apikal
® Stops, plosives Klusiler, explosivor ¢ Tongue blade: predorsum , predorsal @l
- aspiation corona, coronal)
B L]mebased o ¢ Tongue back : dorsum , dorsal
- affricates (stop + fricative) affrikator )
o Liguids Tikvidor e Tongue root: radix
- laterals lteraler
- trdlls tremulanter (vioranter)
® Nasals nasaler

The palate

e A veolarridge (endvallen) : alveoli,
aleolar

e Hard palate hardagomm en): palatum ,
palat@al

e Softpalte m jkkagomm en):velm , velar
e Uvula (wngspenen): uvula, uvular

The teeth and lips

o tecth:dentes, dental
e lips: labia, bl
- rounded - labialised
- unmounded - delabialised
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5
—— | Pharyngeal
/)]
| Epiglottal
Glottai
I

From Ladefoged: A course in phonetics

Place of articulation (IPA )

e Bikbil

e Labiodental
e Dental

e Alveolar

e Posalveolar
® Retoflex

e Pal@al

e Velar

e Uvular

e Pharyngeal
¢ Glotal (aryngeal)

'CONSONANTS (PULMONIC)

THE INTERNATIONAL PHONETIC ALPHABET (revised to 1993)

Sw edish consonants

THE INTERNATIONAL PHONETIC ALPHABET (revised to 1993)
CCONSONANTS (PULMONIC)

Bilabial_| Labiodeatal| Dental | Alveolar | Postlveolar| Retroflex | Palatal | Velar | Uvalar_| Pharyngeal| Glonal

Posive | P D td tdlcsflkaglqe
Nasal m m n n n n Ni o
Trill B T
Tap or Flap r
Fricative ¢ﬁfv661sz‘]‘3§z
Latersl i
ke 00 ik
Approximant v 1 1 j ]

[ =
ot | 1 1 A L L

sed i

[t Labiodenta| Dental | atveolse [ Postatveolar] Retroflgg | Pelatal | _Velag | Uvular | Pharyngeal] Glowal

O | (R (&) (i

= TlnEee T

Trill B ( l')

B e
e | & BI(E)v) 0 0[s)z (1) 3 [5) 2|e)
e ig =
e 1 i () w i
= (1) QQ a0 o

SJLJUDET ISVENSKA

OTHER SYMBOLS

M\ Voiceless labial-velar fricative G z Alveolo-palatal fricatives
W Vaiced labial-velar approximant Alveolar lateral flap

q Voiced labial-palatal app Simul _randx

H  Vaiceless epiglottal fricative
S Voiced epiglottal fricative

? Epiglottal plosive

Affricates and double arlicula-
tlions can be represented by two
symbols joined by a te bar if
Mecessary.

kp ts

Phonological features

® +consonant
® +gonorant
e +obstuent
® +anterior

e +comnal

® +continuant

® +voice
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Konsonantfonem : Artikulationsstillen
A. Svenska lab |lab- |dent | pal |glott
dent |alv | vel
» tonldsal p t k
2 e9ent= Ixiusiler
a ilga tonande| b a 1
o | kon=
§lsonan- | .. .. tonlésa| § £ s ¢ h
- | ter frikativor N
ﬁ tonande v J
'_;::4 ‘l’iifl' likvi-{later 1
T |nande {80  |vibr r
Hixonso- :
“ | nanter nasaler m n ]
B. Finska
egent~ |klusiler P t k
liga
tonlésa s h
konso- |grjkativor
nanter v 3
vokal- [, . .
1iknan-|Likvi-{later !
de kon-{3°T |vibr r
sonan-
ter nasaler § m n s}

From G arding: Kontrastiv fonetk och syntaxmed svenska icentrum

Consonantacoustcs (1)

e Fricatives

- N oise frequency

- Form ant ttansitions i adjpoining vow els
® Stops

- O cclusion phase (silence)

- Plosive release

- A spiration

- Fomm ant transitions n adjoining vow els

Consonantacoustcs )

e Liquids

- Lateals
e Fom ants sin ilarto vow els, low er intensity
e Form ant transitions

- Trlls
® Quickly repeated stops
® Shortvow el-like pulses
e Form ant transitions

C onsonantacoustics 3)

e Nasals
- Vow el-lke w ith lJow er Intensity
- Nasalresonances asal form ants)
- Fomm ant transitions n adjoining vow els

Prosody

e Suprasegm ental speech characteristics
- Tem poral relationships
- Stress pattems
— Speech thythm
- Tntonation
e Functions of prosody
— Lend prom Inence (em phasize, de-em phasize)
- G wuping fimction (com bine, ssparate)

Progodic categories

e Stress (syllable)
- Speech thythm , altemating stressed-unstressed
® W ord accent woxd)
- accentI @cute), accent IT (grave)
e Focus (phrase accent)
- Em phasis, contrastive em phasis
e Juncture (phrase, uterance)
- Boundary signals and connective signals
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A ocoustic features of prosody

e Tine (Quantty)
e Fundam ental frequency (F0) fpitch,
Tntonation)

e tensity (oudness)

R eferences

e Elert, Claes-Christian (1995) A 1im &n och
svensk fonetik .N orstedts Forlag, Stockholn

e Ladefoged, Peter (1982) A course in
phonetics. H arcourt B race Jovanovich, N ew
Y ork

e Laver, John (1994) Principles of phonetics.
Cam bridge U niversity Press, Cam bridge

¢ Sundbery, Johan (1986) R &stléra. Proprius,
StockhoIn

H earing acuiy
. ¢ Sensitive forsounds from 20 t©20 000 Hz
Psychoacoustics and speech .
. ¢ G reatest sensitivity betw een 1000-6000 Hz
perception e N on-linearperception of frequency intervals
David House “Eg
* 100HzZ -200H z -400H z -800H z - 1600H 2
— 100H z - 800H z perceived as a large difference
— 3100H z - 3800 H z perceived as a am all difference
A bsolute auditory threshold
Demo:SPL (Sound pressure level) dB
wd T,
e =+ L ¢ D ecreasing noise levels
;E.,.,.a:% \ S e . - 6 dB stEps, 10 geps, 2%
2 = B ol B §
Lol ST % H - 3 dB stEps, 15 stEps, 2*
F H RIS i Hoz 3
P o N L - 1dB stEps, 20 stEps, 2+
= 12 N R N ,"I’ /! ,su" e "~
w2 & i ;‘;’“
w-"‘:] ;“
20
Frekvens i p/s
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Constant loudness Jevels n phons

=T T Kénslo-
i T n
i B o B 2
— Sl 00 ~tls¥] f
8 RS S=. o5 I e A R
= R+ b T e o 1
5 e Nl 1 £e0 g/
_{g N 2| 50 7]
0P B N NS S
pE ™~ I~ |30
= 20 [ ] 7
ko —~—I1T /
ol [ o g >
1 1 I )
20 &0 100 500 1000 5000 10,000

Frekvens i p/s

Dem o:SPL and loudness (phons)

e 1) 50-100-200400-800-1600-3200-6400 Hz
- la:constentSPL 40 dB, 2*
- 1b: constant 40 phons, 2*
e 2)125-250-500-1000-2000-4000-8000 Hz
- Decreasesby 5dB 1n 10 steps ateach freq.
- Counthow m any steps you hearateach
frequency

Relationship phon - sone

~——]|__Kinslo- | 120
m‘islml_""'% =
100 L2,
£ 5180 ~1"] sl
= = |80 2
pret 2|70 f
N~ | £/ e =7
Z[s0 7] £
5[40 3
i~ [0 B %
20 7 £ /
L 10~ i 7
LT oA
1 R | ]
50 400 500 1000 5000 10,000 v
Frekvens i pl
/ 0 “ 0 50 100 120

Tonstyrkenivd i fon

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

10 LOG SIGNAL TO NOISE POWER DENSITY

T T L T T T T T
A Fletcher (Table 16, 1953) x
© Green, McKey, and Licklider (1959) X
[ X Hawkins and Stevens (Fig. 6, 1950) 740
25 $ Patterson’s estimate + 1 sigma (1973) M ‘-
Ooo o
n o B B
) =
L o & q200 &
. o o o LN i -
o a w
L ) N 4 z
20 Z oo ©
N o, A2 -
o o XA -
o A =
| o A =
XX, x 4 %8 - T
- a & 50
X X
L | T 1 [ |
8160 300 ¢ TO00 3000
FREQUENCY (Hz)

Critcalbands

e Bandw idth increases w ith frequency

e D em o: crticalbands by m asking
— 2000 H z tone decreasesby 5 dB 1n 10 steps 0*)
- M asking w th noise v ideband) @*)
- M asking w ith noise (1000 H z bandw idth) %)
- M asking w ith noise (250 Hz bandw idth) (%)
- M asking w ith noise (10 H z bandw idth) @*)

e How m any steps can you hear?

Crtcalbandsdemo )

e F'm =200 H z (crticalbandw idth 50 H z)
— B=300204,141,99,70 49352517 12 Hz

e Fm =800 H z (crticalbandw idth 80 H z)
- B=8165667396279,197,139,98 6949 35 Hz

® Fm =3200 H z (crticalbandw idth 200 H z)
— B=2263,1585,1115,786 555 392 277,196,139,98 Hz

PN - T TT 1=
LT i I

1; b { Foodoofan

N it A

o R A A e
i i

iz 141618

10



D avid House: G SLT H T04 Acoustic phonetics, 2004 .0914

physiology, psychoacoustics and speech perception

E ffects of m asking

® ©
S o
T
n

<
o

T
L

3 8 8
T

o
)
T

_of Maosker

8
T

SENSATION LEVEL OF SIGNAL
2

=)
T

Fr
'

0
8
8

800 1000 1200 1600 2000 2800 3600
FREQUENCY OF SIGNAL

E ffects of m asking

¢ Low fimquenciesm ore effectly m ask high
frequencies

® Deamo:how m any steps can you hear?
- a) masking tone 1200 Hz, stimulis 2000 H z
- b) masking tone 2000 H z, stmulus 1200 H z

H olistic vs. analytic listening
® Demo 1:audible ham onics (1-5)

e Dem o 2 :m elody w ith harm onics
e Dem o 3:vow elsand audible form ants

C ircularity In pich
¢ R N Shepard
e JC Riseet
JLibencrants

- i AN
=
‘ T http ;//asa aip o1g/cound htm 1
Peroeption of vow els Perception of vow els
e Fom ants general relationship acoustics- ¢ entification

articulation)
- F1: infom ation on jaw opening
® higherF1= m ore open
- F2: Inform ation on frontback
e higherF2=m ore front
- F3: Inform ation on lip rounding
® Iow er F3=m ore rounded

- Perceive w hich vow el is pronounced
e D iscrim nation
- Hearthattw o vow el sounds are different
e Categorical perosption
- D ifficultto discrim nate w ith a category
- Easy to discrim inate betw een categories

11
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Figur 5. Akustiskt vokaldiagram med svenska vokaler.
Formantvérden frin Fant.

e e . | | low ., e i . G i L,
=200 i " =200
[ ] ~e_
ey X Y——o Mi—_—
/ ¢ M u L g ou: |
| .\ o ’ \ o /
400
400 ® O
& eit, /0 & sz /
L35 o 0 r
. .
@ / Lo * / Feoo
o ® q: Pl ® a:
é’:\ / : \ / L
L)
L]
a
a g00 8o
{l Hz £ iz
X . ) ur 5. Ak kt vokaldiagram svenska v .
ggﬂn\gniva:\s:stfgg vokaldiagran med svenska vokaler. g—;%vaﬁ;;f‘;im yokaldiagran med svenska vokaler
F, Hz 20]00 15I00 lO‘DD
™ Perception of stops
200
00 e Frequency of the burst release
- Provides inform ation on place of articulation
e Form ant transitions in adjpining vow els
eoo . .
- A l=o Inform atdon on place of articulation
i e V oiced occlusion oraspiration
eoo - Provides inform ation on m annerof articulation
) e

]
\
N

[bal (dal [ga)

B
=
T PFJ
>
3
g FF/ —
g o [ J -
| lpal ta] tkal
Time —=

Perception of stops

e Early experim entsw ith speech synthesis
- Form ant transitions alone w ere sufficient to
dentify place of articulation ba-da-ga)
- Ientification and discrin Ination of stops
e Caftegorical perception of stops
- D ifficultto discrim nate w ithh a category
- Easy to discrim inate betw een categories

12
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2500,

(H) 1500

‘Dn. { ) 'v/[:]v\l!.jrfg] ‘00> { ) 'v/[:]v\l!.jrfg]
A/\J\/ ; ,'«‘/IV\_ A/\J\/ ; ,'«‘/IV\.
Early perception experim ent: Thvariance and segm entation
noise burstpreceding different vow els problem
- " sor |dil (du]
- ////////////////// g 18k o
) —‘1 _— = = o /'//////‘%{////%/ §) "2 \
= T IiiIi: - ! ////W E el ;
scmuli sl ’ 01"?m (sec;) ”
Libemman etal. JASA 24,1952,599
Invarince and segm entation C Ilassic theories of speech
problem perception

e The sam e phonem e has different cues n different
contexts, eg. F2-transitions for [di] [du].

e W here are the segm entboundaries?
e Problam isa resulrof coarticulation

e Problam has spired the classic perception
theories

e Tvariance theory
— The acoustic signal is the m ost in portant (Invariant)
e M otortheory
— Speaker'snerve in pulses for speech m otorcontolare
calculated by the brain by analysing the acoustic signal.
- Artculation is the m ost in portant
e D frectperception
— The spezker’s articulatory m ovem ents are directly
perceived by the listener

13
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C ognitive theories

e Top-down speech processing
- Expectation and Iinguistic know ledge set the
frame
- Ihcom ing w oxds are com pared to hypotheses
e Botiom -Up processing
— A coustic signal is transferred to w ords
— M essage form ed from words

Psycholinguistics

¢ Them ental lexicon
e “Top-down” perception and context
- experin entsw ith filtered speech
- experin ents w ith phonem e detection €eg. [8])
¢ "They had been up allnightand needed to sleep”
e "They didn’tknow if they would be ablke to slesp”

Speech acquisition theories

e Tnnate
- Possible psychophysical 1 its
- eg.thenumberofvow els that can be discrin nated
o Acquired
- Language-specific categories
e Severalhigh, fiontvow els n Sw edish: language categories
develop m aking use of psychophysical lin its
e Onehigh friontvow el in Japanese: category differences are Iost

14



