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Neural dynamics of fields

Peaks as stable states from intra-field interaction 

= local excitation/global inhibition

dimension, x

local excitation: stabilizes
peaks against decay

global inhibition: stabilizes 
peaks against diffusion
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mathematical formalization
Amari equation

⌧ u̇(x, t) = �u(x, t) + h + S(x, t) +
Z

w(x� x0)�(u(x0, t)) dx0

where

• time scale is ⌧

• resting level is h < 0

• input is S(x, t)

• interaction kernel is

w(x� x0) = wi + we exp
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• sigmoidal nonlinearity is

�(u) =
1

1 + exp[��(u� u0)]
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Interaction: convolution
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! ∗ ! ! !! = ! !! − !! ! ! !!
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!!!!!!!!!!(B2.2) 

where ! = (! − 1)/2 is the half-width of the kernel. The sum extends to indices outside the 

original range of the field (e.g., for m=0 at ! = −!). But that doesn’t cause problems because we 

extended the range of the field as shown in Figure 2.18.  

Note again that to determine the interaction effects for the whole field, this computation 

has to be repeated for each point !!. In COSIVINA all these problems have been solved for you, 

so you don’t need to worry about figuring out the indices in Equations like B2.2 ever again!  

[End Box 2.1] 

 
Figure 2.18 Top: The supra-threshold activation, !(!(!!)), of a field is shown over a finite range (from 0 to 180 deg). 
Second from top: The field is expanded to twice that range by attaching the left half of the field on the right and the right 
half on the left, imposing periodic boundary conditions. Third from top: The kernel has the same size as the original field 
and is plotted here centered on one particular field location, ! = !" deg. Bottom: The matching portions of supra-
threshold field (red line) and kernel (blue line) are plotted on top of each other. Multiplying the values of these two 
functions at every location returns the black line. The integral over the finite range of the function shown in black is the 
value of the convolution at the location ! = !". 
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=> simulation



Attractors and their instabilities

input driven solution (sub-
threshold) 

self-stabilized solution 
(peak, supra-threshold)

selection / selection 
instability 

working memory / 
memory instability 

boost-driven detection 
instability

detection 
instability

reverse
detection 
instability

Noise is critical
near instabilities



Detection 
instability
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The detection instability stabilizes 
decisions

threshold piercing detection instability
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The detection instability stabilizes 
detection decisions

self-stabilized peaks are macroscopic neuronal 
states, capable of impacting on down-stream 
neuronal systems

(unlike the microscopic neuronal activation that 
just exceeds a threshold)



The detection instability leads to 
the emergence of events

the detection instability 
explains how a time-
continuous neuronal dynamics 
may create macroscopic 
events at discrete moments in 
time

time, t

u(t)

detection 
instability

reverse
detection 
instability



behavioral signatures of  
detection decisions

detection in psychophysical paradigms is rife with 
hysteresis

but: minimize response bias



Detection instability

in the detection 
of Generalized 
Apparent Motion

Generalized Apparent Motion

(Johansson, 1950)
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Detection instability

varying 
BRLC



Detection instability

hysteresis of motion detection as BRLC is varied

(while response bias is minimized)

184 H. S. Hock, G. Schöner / Seeing and Perceiving 23 (2010) 173–195

Figure 5. Hysteresis effect observed by gradually increasing or gradually decreasing the background
relative luminance contrast (BRLC) for a participant in Hock et al.’s (1997) third experiment. The
proportion of trials with switches from the perception of motion to the perception of nonmotion, and
vice versa, are graphed as a function of the BRLC value at which each ascending or descending
sequence of BRLC values ends. (Note the inversion of the axis on the right.)

which there were switches during trials with a particular end-point BRLC value
was different, depending on whether that aspect ratio was preceded by an ascend-
ing (vertical axis on the left side of the graph) or a descending sequence of BRLC
values (the inverted vertical axis on the right side of the graph). For example, when
the end-point BRLC value was 0.5, motion continued to be perceived without a
switch to non-motion for 90% of the descending trials, and non-motion continued
to be perceived without a switch to motion for 58% of the ascending trials. Percep-
tion therefore was bistable for this BRLC value and other BRLC values near it; both
motion and non-motion could be perceived for the same stimulus, the proportion of
each depending on the direction of parameter change. It was thus confirmed that
the hysteresis effect obtained for single-element apparent motion was indicative of
perceptual hysteresis, and was not an artifact of ‘inferences from trial duration’.

7. Near-Threshold Neural Dynamics

The perceptual hysteresis effect described above indicates that there are two stable
activation states possible for the motion detectors stimulated by generalized ap-
parent motion stimuli, one suprathreshold (motion is perceived) and the other sub-
threshold (motion is not perceived). Because of this stabilization of near-threshold
activation, motion and non-motion percepts both can occur for the same stimu-
lus (bistability), and both can resist random fluctuations and stimulus changes that
would result in frequent switches between them.

7.1. Why Stabilization Is Necessary

Whether an individual detector is activated by a stimulus or not, a random per-
turbation will with equal probability increase or decrease its activation. Assume it



Contrast detection
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Figure 1. Experiment 1. a) and b). Illustrative stimuli in the Same- and inverted-Polarity conditions. 
c) and d) Results: Luminance values at which the probe is no longer visible. e) Di!erence in 
loss-of-visibility luminance value between Object and Baseline conditions indicates the extent to 
which he visibility of the probe is suppressed by the nearby object. Vertical lines for each marker 
represent +/- one standard error of the mean.

BaselineBaseline

[Hock, Schöner, under revision]



Hysteresis in contrast detection

[Hock, Schöner, under revision]

object a 4 minutes distance 
suppresses probe detection at 
lowest luminance

also helps to localize attention!

between presentations, the object/
probe pair jumps around on the 
screen unpredictably by < 1 deg

ascending trials: increase luminance in steps, ending unpredictably… 
report contrast or not 

descending trials: decrease luminance in steps, ending unpredictably

report change over initial percept (modified method of limits)
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Conclusion

even the simplest of decisions=detection in 
the simplest settings (contrast) is state 
dependent… 

consistent with the notion of a detection 
instability at the basis of perception 


