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speech spectrogram 

Concept of the first “real”  
automatic speech recognizer 
(R.H. Galt 1951) 
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First “real” recognizer ever build  
(Davis, Biddulph, Balashek 1952)   Automatic Speech Recognition of Spoken Digits, J. Acoust. Soc. Am. 24(6) pp.637 - 642 

44 
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45 

Computers 

46 
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time 

frequency 

•  One of Fourier ideas 
–  Describe a periodic signal by an 

(infinite) sum of other well defined 
periodic signals 

TO 

Joseph Fourier 
(1768-1830) 
Student of Lagrange 
Adviser of e.g. Dirichlet or Navier 

 T  T 
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Fourier�s Idea 
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Ignore short-term phase: Locally reversed speech 

200 ms 
 
150 ms 
 
100 ms 
 
  80 ms 
 
  60 ms 
 
  40 ms 
 
  20 ms 
 
original 

  
 Nature 398, 760 (29 April 1999)  

Cognitive restoration of reversed speech 
Kourosh Saberi and David R. Perrott 

Uncertainty Principle  

You cannot simultaneously know 
the exact frequency composition 
and the exact temporal locality 
of an acoustic event  

    Dennis Gabor 1947 
 

Higher spectral resolution needs longer 
analysis windows and hence yields lower 
temporal resolution 
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Analysis window 50 ms 
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Analysis window 5 ms 
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Different Speakers 

56 
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adult 

child 
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outer ear 

0rgan of Corti 
basilar membrane 
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500 Hz 

100 Hz 

Frequency selectivity 
of human hearing 
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tone at f 
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band-pass filtered 
noise centered at f 

Simultaneous Masking (Fletcher 1940)  
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Sensi-vity)of)hearing)depends)on)frequency)
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loudness)=)intensity)0.33%

intensity)≈)signal)2))[w/m2]) loudness)[Sones])

intensity)
(power)spectrum))

loudness)

|.|0.33)
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Not)all)spectral)details)are)important)

a))compute)Fourier)transform)of)the)auditory)spectrum)and)truncate)it)(cepstrum))

b))approximate)the)auditory)spectrum)by)an)autoregressive)model)

6th)order)AR)model)
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“auditory-like” 
transfromations 

all-pole 
fit 

Perceptual Linear Prediction 
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adult male 

4 year old child 

short-term spectrum 5th order PLP spectrum 

J. Acoust. Soc. Am. Volume 80, Issue S1, pp. S18-S18 (1986) 
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Different Communications Channels 

73 

filter  
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 Short-Term Features 

speech 
 

window 
 

fourier 
transform 

 
spectral  
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Linear distortions: DC bias on S(ωn,t)  
different for each career frequency ωn    
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Delta Features 

50-200 ms 

t 

•  linear combination of several short-term features 
•  equivalent to FIR filtering of  feature trajectory 
•  selective band-pass with 6 dB/oct slope 

z-1 z-1 z-1 z-1 
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1 Hz 10 Hz 

f 

“DELTA” filter  

1 Hz 10 Hz 

f 

RASTA 
filter 

Optimizing RASTA Filter 


