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Articulation to acoustic

For vowels



Formants are frequency peaks which have, in the spectrum, a high degree of energy. 

They are especially prominent in vowels. Each formant corresponds to a resonance in 

the vocal tract (roughly speaking, the spectrum has a formant every 1000 Hz). First 

three formant for few vowels (with example word and IPA symbol) are:

Formant

heed

hid

head

had

hudd

hard

hod

hoard

hood

Who’d

heard



Formant



Speech production models

DIVA Model

Guenther, Ghosh, and Tourville (2006) Brain and Language

http://www.bu.edu/speechlab/research/the-diva-model/



Speech production models

Articulatory Model

Mermelstein, Paul. "Articulatory model for the study of speech production."The 

Journal of the Acoustical Society of America 53.4 (1973): 1070-1082.



Speech production models

TaDA Model

•Saltzman, Elliot. "Task dynamic coordination of the speech articulators: A preliminary 

model." AVAILABLE FROM US Department of Commerce, National Technical

information Service, 5285 Port Royal Rd., Springfield, VA 22151. PUB TYPE Reports-

Research/Technical (143) EDRS PRICE MF01/PC11 Plus Postage. (1986): 9.

•Nam, Hosung, et al. "TADA: An enhanced, portable Task Dynamics model in 

MATLAB." The Journal of the Acoustical Society of America 115.5 (2004): 2430-2430.MATLAB." The Journal of the Acoustical Society of America 115.5 (2004): 2430-2430.

Forward Model

Heinks-Maldonado, Theda H., Srikantan S. Nagarajan, and John F. Houde. 

"Magnetoencephalographic evidence for a precise forward model in speech 

production." Neuroreport 17.13 (2006): 1375-1379.



The human ear



Cochlea – organ of hearing



Tonotopic Mapping



Central Auditory system



Audiogram



Theories of Speech Perception

• Active theories suggests that speech perception and 

production are closely related

– Listener knowledge of how sounds are produced facilitates 

recognition of sounds

• Passive theories emphasizes the sensory aspects of • Passive theories emphasizes the sensory aspects of 

speech perception

– Listeners utilize internal filtering mechanisms

– Knowledge of vocal tract characteristics plays a minor role, 

for example when listening in noise conditions



Bottom up Top Down

• Top-down processing works with 
knowledge a listener has about a 
language, context, experience, etc.

– Listeners use stored information about 
language and the world to make sense of 
the speech the speech 

• Bottom-up processing works in the 
absence of a knowledge base 
providing top-down information

– listeners receive auditory information, 
convert it into a neural signal and 
process the phonetic feature information 

Knowledge driven top-down approach are less resistant to Additive Noise in case 

of non-sense syllable, nonsense words, incoherent sentence, short utterance, 

ungrammatical sentence

Bottom-up approach results in error propagation upto top



Autonomous vs. Interactive

• Autonomous theories posit feed-

forward processing with lexical 

influence restricted to post-

perceptual decision processes 

(uni-directional)(uni-directional)

• Interactive theories posit 

information and knowledge from 

many sources available to the 

listener a re involved at any or all 

stages of the processing of the 

signal (bi-directional)



Theories of Speech Perception

(Marslen-Wilson, 1980)



Theories of Speech Perception
TRACE Model

(McClelland & Elman, 1986)





Theories of Speech Perception
Motor Theory

Motor theory postulates that speech is perceived by reference to how it is produced; 

that is, when perceiving speech, listeners access their own knowledge of how 

phonemes are articulated. Articulatory gestures such as rounding or pressing the lips 

together are units of perception that directly provide the listener with phonetic 

information.

(Liberman, et al., 1967; Liberman & Mattingly, 1985)



Theories of Speech Perception



Theories of Speech Perception



Psycho-acoustic Experiments
Fletcher Munson Curve – loudness as a function of frequency and intensity



Sone vs Phon


