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Outline of phonetics 

•  Human speech production 
–  how do we produce different sounds? 
–  what are the relevant characteristics of the acoustic signal? 

•  Sounds of English 
–  what are the different classes of speech sound in English? 
–  how are distinctions made between individual sounds? 

•  Challenges for phonetic analysis of speech 
–  what makes it hard directly to transcribe sounds into words? 
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Human vocal 
apparatus 
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Speech production: source 

•  Air pressure from lungs builds up behind closed 
vocal cords 

•  Vocal cords are repeatedly forced apart and pulled 
together, producing a series of small pulses of air 

•  Air in vocal tract vibrates quasi-periodically 
•  Rate of vibration of the vocal folds determines 

fundamental frequency, f0, which contributes to the 
perceived pitch of the voice 
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Speech production: filter 

•  Vocal tract forms a resonator with a complex shape, 
which supports some harmonics of the fundamental, 
while suppressing others 

•  Formant is a region of high-amplitude harmonics 
•  First two formant frequencies, F1 and F2, important 

for vowel discrimination; F3 also for consonants 
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Sounds of world’s languages 

•  International Phonetic Alphabet (IPA): 
–  devised to capture linguistic distinctions from human 

speech, as observed by phoneticians 
–  speech sounds classified according to the way they are 

produced and position of the articulators 

•  Classification of sounds by manner: 
–  Direction of air flow (inward/outward) 
–  Whether vocal folds vibrating (voiced/unvoiced) 
–  Configuration of the velum (raised/lowered) 

•  Classification of sounds by place: 
–  Which part of vocal tract involved (place of articulation) 
–  Shape of the lips (rounded/spread) 
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Vowels 

•  Vowel definition: 
–  Voiced speech sound pronounced with open vocal tract 

•  Types of vowel: 
–  Monophthong: a single vowel quality sustained over the 

sound’s duration 
–  Diphthong: a sound that begins with one vowel quality and 

transitions to a second vowel quality 
–  Vowel quality determined by jaw, tongue and lip 

configuration 
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Consonants 

•  Consonant definition: 
–  Sound made with complete or partial closure of vocal tract, 

voiced or unvoiced 

•  Types of consonant: 
–  Nasal: mouth occluded and velum lowered, sound emanates 

from the nose 
–  Plosive: mouth and velum closed allowing air pressure to 

build up and be released 
–  Fricative: air forced through a small constriction to make 

turbulence noise 
–  Approximant: articulators move close to each other  

without generating turbulence 
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Manner of articulation: fricative 

•  Fricative 
–  airstream is forced through a constriction, causing 

turbulence 
–  characterised by non-periodic (noisy) sound 
–  frequency cut-off is inversely proportional to the 

length of the cavity in front of the constriction 
–  English has voiced and unvoiced fricatives 
–  Places: Labio-dental / f, v /, Inter-dental / th, dh /, 

Alveolar / s, z /, Post-alveolar / sh, zh /, Glottal /h/ 

•  Affricate 
–  characterised by abrupt start to frication 
–  Places: Post-alveolar / ch, jh / 
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Manner of articulation: plosive 

•  Plosive or Stop 
–  produced by the abrupt release of a constriction somewhere 

along the vocal tract 
–  characterised by a short period of silence, a burst and then 

turbulence noise after release 
–  English has voiced and unvoiced plosives 
–  timing of voice onset after release distinguishes voiced/

unvoiced pairs 
–  Places: Labial (lips) / p, b /, Alveolar (palatal ridge) / t, d /, 

Velar (soft palate) / k, g / 

•  Trill – repeated vibration of one articulator against another 

•  Tap or Flap – with a single touch 
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Manner of articulation: nasal 

•  Nasal 
–  oral cavity (mouth) is occluded (blocked), and velum is 

lowered, so air flows out through the nose 
–  characterised by vowel-like structure, but weaker energy 
–  identity cued by transitions from surrounding sounds 
–  English has only voiced nasals 
–  Places: Labial / m /, Alveolar / n /, Velar / ng / 

•  Approximant 
–  oral cavity is almost occluded, e.g., by tongue coming close 

to the roof of the mouth 
–  characterised by vowel-like structure, but weaker energy 
–  English has Rhotic / r /, Lateral / l /, Palatal / j / and 

Labio-velar / w / 
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Consonants 
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Vowels 
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Vowel space 
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English phonemes in SAMPA 
SAMPA Example SAMPA Example SAMPA Example 

i heed @U hoe s sip 
I hid aU how S ship 
e head I@ here v vat 
{ had e@ there D that 
A hard U@ moor z zip 
V hut w wet Z measure 
Q hod j yet tS chin 
O hoard p pea dZ gin 
U hood t tea m map 
u who’d k key n nap 
@ about b bee N hang 
3 heard d dog l led 
eI hay g good r red 
aI high f fat h hit 
OI boy T thin 
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Relationship between words and 
sounds of a language 

•  Phonology 
–  How sounds are used to make words 
–  Functions of sounds within a language, e.g.: 

•  “fish and chips” > [fish’n’chips] 
•  “got to” > [gotta] 
•  “something” > [sumet] 

•  Phonetics 
–  How speech sounds are produced 
–  Acoustic result of speech articulation, e.g.: 

•  “car” [ka:] vs. “keen” [ki:n] vs. “queen” [kwi:n] 
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Phonemes (phonology) 

•  minimal speech unit of discrimination between 
words for a given language (or dialect) 

•  defined in terms of their usage in spoken language 
•  classified by manner and place of articulation 
•  useful in ASR because they allow access to standard 

on-line dictionaries 
•  English has approximately 44 phonemes 
•  they are ideal pronunciations, not real recordings 
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Phones (phonetics) 

•  Acoustic signal produced to make a speech sound is 
inherently variable: 

•  Acoustic variation 
–  background noise, reflections, microphone response 

•  Phonetic variation 
–  rate of speaking, loudness, context 

•  Prosodic variation 
–  health, mood, emphasis 

•  Speaker variation 
–  physical size, age, gender, dialect 

•  Variability creates a challenge for ASR, as it must be 
accommodated for reliable speech recognition 
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Challenges for phonetic analysis 

•  Linguistic units have no boundaries 

•  Transitions can be asynchronous, e.g., 
–  nasality 
–  lip-rounding (effect beyond syllable possible) 

•  Cues to identity may be in surrounding sounds 
–  plosives and nasals are cued by transitions 
–  “pod” vs. “pot”, cued by the length of the preceding vowel 

•  Influence of external factors on the way we speak 
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Speech is a continuous audio stream 
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Sounds vary with their context 

•  Co-articulation affects how each sound is realized in 
the context of neighbouring sounds 
–  /{/ realized differently in “cab” and “cat” 
–  /{/ in “can” may be nasalized 
–  /r/ sound in “train” different to that in “arrow” 
–  /p/ may be different in each of “pin”, “spin”, and “apt” 
–  “can be” may be assimilated, to “cambe” 

•  Allophones, variants of a phoneme 
–  differences are caused by context, and are not contrastive 

(“milk” vs. “leak”) 
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Sounds can be skipped or added 

•  Reduction - target positions may not be reached 
–  vowels tend to be neutralised (centralised) 
–  consonants may not be fully articulated 

•  Elision - sounds omitted in normal fluent speech 
–  “fish and chips” to “fish ‘n’ chips” 
–  “temporary” to “tempry” 
–  “bread and butter” to “brem budder” 

•  Epenthesis - sounds may be inserted 
–  “law and order” to “Laura Norder” 
–  “something” to “sumpfing” 
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Speech is altered by external factors 

•  Noise and the Lombard effect 
–  speaking with greater effort to be heard over the noise 

•  Vibration 
–  vibrations in the chest, oral and nasal cavities interfere with 

the larynx and geometry of the vocal tract 

•  Fatigue 
–  speaking rate decreases, slurring through loss of control 

•  Fear 
–  speaking rate increases, pitch rises due to muscle tightening 

•  Cognitive loading 
–  interaction in multi-tasking scenario 
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Summary of phonetics 

•  Source-filter theory of speech production 

•  Phonemes 
–  units of spoken language that carry linguistic meaning 
–  classified by manner and place of articulation in IPA 

•  Phones 
–  are not broken up into convenient units in the acoustic signal 
–  are inherently confusable (i.e., articulated in similar ways) 
–  vary from person to person, and occasion to occasion 
–  change with phonetic context (i.e., sounds before/after) 
–  can be substituted, inserted or deleted 
–  are altered and corrupted by external physical factors 
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