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Speech processing overview 

•  Reasons for processing speech signals 

•  How are speech signals produced? 

•  Characteristics of speech 

•  Short-term Fourier transform representations 

•  Speech processing technologies 
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Why process speech signals? 

•  Speech processing transforms a speech waveform 
into a representation suitable for extracting its 
features 

•  Human visual inspection 
–  e.g., by a speech scientist, speech therapist, or forensic 

phonetician 

•  Computer analysis 
–  e.g., for automatic speech recognition, speech synthesis, or 

speaker recognition 
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Speech synthesis 

Model of speech production using stored features 

Source Filter speech 

Stored excitation Stored vocal tract features 
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Feature 

selection Classifier 

speech 
Feature 
vectors 

Speech recognition 
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Speech coding 

Speech analysis and speech synthesis combined 

Speech in Speech out analysis synthesis 

channel 
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What are good speech features? 

Suitable descriptions can be used for: 
•  Visualisation 

–  amenable to human visual inspection 

•  Compression 
–  using a small number of bits per second  

(for transmission or storage) 

•  Simulation 
–  reflecting our understanding of human auditory processes 

•  Representation 
–  compatible with the models in a speech recognizer 

E.7 



Speech production process 

E.8 



Production of speech signals 

•  Sound is generated within the vocal tract (source) 
•  Vocal tract independently filters that sound (filter) 
•  Radiated from the lips to the far field 

•  For voiced sounds, source can be an impulse train 
•  For unvoiced sounds, source can be white noise 
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Anatomy of the larynx 
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The human vocal tract 
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Source-filter model of speech 

Time 

Freq. 

DFT:  X(k) = ∑n=0
N-1 x(n) exp(-j2πkn/N)    for k=0..N-1 

IDFT:  x(n) = (1/N)∑k=0
N-1 X(k) exp(j2πkn/N)  for n=0..N-1 
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Speech prosody 

•  Pitch 
–  Corresponds to the fundamental frequency of vibration of the 

vocal cords, f0 
–  (Has phonetic significance in tonal languages) 

•  Intensity 
–  Loudness of a particular word or syllable 
–  Typically used to give emphasis 

•  Timing 
–  Durations depend on the phrasing (punctuation), context (c.f. 

“league”, “leek”), etc. 
–  Stress timed vs. syllable timed languages 
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Time-varying frequency analysis 

Short-time Fourier transform (STFT) applies a tapered 
window w(n) to analyse a frame of the speech signal, 
xw(τ,n) = x(n+τ)w(n) for n=0..N-1: 

•  Alternative methods include: 
–  filter-bank analysis (using a set of band-pass filters) 
–  approximations of the spectral envelope,  

e.g., Linear predictive coding (LPC)  

Xw(τ,k) = ∑n=0
N-1 xw(τ,n) exp(-j2πkn/N)   for k=0..N-1 

xw(τ,n) = (1/N)∑k=0
N-1 Xw(τ,k) exp(j2πkn/N)  for n=0..N-1 
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Narrow-band spectrum 
of vowel [i] segment 
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Narrow-band spectrum 
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Wide-band spectrum 

E.17 



Waterfall display 
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Speech spectrogram 
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Wide- and narrow-band spectrograms 
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What are good speech features? 
For ASR, we want speech features to characterise: 
•  Overall signal energy 

–  which distinguishes between speech and non-speech and 
highlights changes in the voice source 

•  Spectral envelope 
–  because changes in vocal-tract filter denote different speech 

sounds 
•  Changes over time 

–  because transitions indicate different sounds in the time-
varying pattern of speech 

We are not so interested in other kinds of information: 
–  Pitch or fundamental frequency f0 of voicing, voice quality, 

background noise, acoustic environment, microphone 
response, etc. 
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Speech processing summary 

•  Source-filter model of speech 
production 
–  Voicing/turbulence noise source 
–  Resonances and radiation filter 

•  Time-frequency analysis of 
speech 
–  Wideband and narrowband spectra 
–  Speech spectrogram 

•  Speech technologies and 
applications 
–  synthesis, recognition, coding,… 
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