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Dick Lyon 
Google 

 
 

May 9, 2012 
cortex class 

Does the brain process sound in the time domain? Our typical “Machine Hearing” system 
makes good use of fine time structure 

Respect the Auditory Nerve 
Ed E. David, Jr. 1958 

“Artificial Auditory Recognition in Telephony” 

•  What’s on the auditory nerve? 
•  What happens between auditory nerve and cortex? 

Auditory nerve carries fine time structure 
Delgutte 1997 
shows pitch-
synchronized 
response at all CFs 
in PSTHs 
 

Cochlear model:  CAR-FAC 
(cascade of asymmetric resonators with fast-acting compression) 

outputs along cochlear place, or frequency, axis (high to low) 
with several kHz bandwidth, plenty of fine time structure 

Tonotopic projection 
to cortex, but… 

 
What is the other 

dimension in 
auditory cortex?  

 
What corresponds 
to image retinotopy 

in vision? 
 

Auditory images… 
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Correlograms are movies;  
this one is based on Roy Patterson’s  
“Stabilized Auditory Image” (SAI) 

(speech + complex tone) 

Timing explains pitch of aperiodic sounds 

•  “Strike note of a chime” demo from ASA 
Auditory Demonstrations CD.   

•  Correlogram (SAI) shows near alignment at 
interval corresponding to the musical pitch: 

Temporal coincidence detection theories: 
Jeffress 1948 binaural, Licklider 1951 pitch 

A trigger method for Patterson’s triggered temporal integration 
approach to making stabilized auditory images: 

 
One trigger per segment, at max; channel 60: 

Without trigger 
alignment, integrating 
(averaging) segments 
doesn’t make sense: 

Align to triggers, and temorally integrate Trigger points in 20 ms cochleagram segment 
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SAI and Summary SAI Licklider’s autocorrelator neural circuit 

Delays 

Multipliers 

w(t) Lowpass filters 

“Primary-like” 
bushy cells 
sync well to 

stimulus period 

AVCN bushy 
cells extract 

trigger points? 

Cross-corr versions 

Trigger processes = 
globular bushy cells 
(GBC) in AVCN? 

Demo break 
 

real-time  
AIM-C movies 

of music and stuff 
 

then binaural… 

Lord Rayleigh’s 1907 “duplex theory”  
of binaural lateralization: 

interaural intensity and phase differences 
Phase is ambiguous above about 650 Hz. 
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But sounds other than sinusoids are easier… 
Jens Blauert Spatial Hearing  1997  Mallock 1908 observation of ITD cue 

1920 ITD 
compensator 

Rotating ITD eliminator measures angles directly 

Daniel Tollin 
at U. Colo. 

Denver 

HRTFs and HRIRs “encode” direction; 
horizontal plane: 
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HRIRs for “frontal plane” (over top of head) 
Neural 
circuit 
in MSO 

Barn Owl’s ITD system in N.L. Lloyd Jeffress’s model… 
Bowlker 1908 

This was regarded as an “unwelcome hypothesis”. 

Binaural circuits 
fig. from Daniel J. Tollin 2003 

 

Specialized fast cells and synapses for 
triggering and correlation:   

endbulb of Held, calyx of Held 

Henrique von Gersdorff & J. Gerard G. Borst  
2002 
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Tom C. Yin’s lab:  confirming  
Jeffress-style delay lines in MSO 

Tom C. Yin’s lab:  ITD in LSO! Highest peaks are not best arrival-time triggers 

Binaural Auditory Image 
Hartung & Trahiotus 2001: an appropriate hair 

cell model gives it some “precedence effect” 
Monaural cross-corr versions 

can easily be changed to binaural 

Trigger processes 
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Binaural test:  speech and ping; Lyon 1983 

inputs: 

Binaural localization/separation outputs 


