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The most effective method for localizing the effects of neural activation throughout the human 
brain is Functional Magnetic Resonance Imaging (fMRI). However, there is currently no method 
able to derive from the fMRI signal the particular neural signals underlying the measured BOLD 
waveforms. The goal of the present analysis is therefore to achieve time-resolved estimation of 
the neural signals determining the temporal waveforms in event-related fMRI. This analysis 
provides a new level of specificity in the basis of advanced approaches of using fMRI to study 
brain function as deep as at the level of the neural processing. In particular, we can resolve 
details of neural response dynamics down to the millisecond level for the analysis of visual 
processing and its temporal deficits. 

For this purpose, we develop a nonlinear dynamic forward model of the metabolic 
demand arising from the transmitter release in the minimal set of component neural populations 
that account for each fMRI waveform. This model allows derivation of the neural signals 
underlying the wide variety fMRI waveforms evoked from even the most elementary brief 
stimuli. Estimation of signal delays between cortical regions is enhanced by an 
autonormalization procedure to provide maximum temporal precision in mapping the causal 
interactions among functional subunits across the cortex by means of the pattern of simultaneous 
covariation in the fMRI responses. This technique is also robust to feedback processes, allowing 
the mapping of recursive feedback signal between cortical regions at different levels in the 
response hierarchy.  
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