Text S1. Neurodynamical model of contextual influences medi-
ated by intra-cortical interactions in V1

Li’s model parameters

In Li’s original model [1], visual inputs are modeled at discrete spatial locations, where a V1 hypercolumn
is characterized by K neuron units [¢, 8] (each pair involving an excitatory and an inhibitory unit), with
receptive fields (RFs) centered at position ¢ and preferred orientation § = %’r, for k=1, 2 ... K.
This, in fact, corresponds to a neural representation of an edge segment in which an excitatory and an
inhibitory neuronal population are connected with each other. While the excitatory cells receive the
visual input and their output quantify the response to the edge segment, the inhibitory cells are modeled
as interneurons. The model assumes that the response from the excitatory neurons projects to higher
areas whereas inhibitory neurons only provides feedback inhibition.

The input that the excitatory neurons associated with the spatial location ¢ and preferred orientation 6
receive from an edge (in the input image) with strength I;5 and orientation 3 is Ijg = I;5- ®(0 — 3), where
(0 —p) = e 19=B1/(7/8) " In the model, the excitatory and inhibitory cells have membrane potentials
x40 and y,g, respectively, and their outputs are obtained from sigmoid-like positive non-linear and non-
decreasing functions g, (z:9) and gy(yie), which represent the firing rates. A key aspect of the model is
the connectivity it exhibits since this connectivity determines the dynamics of the neuronal system. The
response of the model is determined by both its input image fig and the recurrent interactions. Based on
neurophysiological observations (see references in [1]), contextual influences are mediated by horizontal
connections. Two types of horizontal connections from bar [4,8'] to bar [, 6] are considered: (i) those
leading to monosynaptic excitation (represented by Jg jg), and (ii) dysnaptic connections, which are at
the core of inhibition (represented by Wi j¢1). In fact, only those bars which have nearby RF centers
and similar orientations are effectively connected. In Li’s model, the membrane potentials describing the
dynamics of the excitatory-inhibitory network obey the following differential equations:

Tig = —Tio — Jy(Yio) — D ngzo V(AO)gy(Yio+ne) + Jogu(io)
+ 2 a0 Ji0.50192 (Tj0r) + Lig + Io,
Yio = —ayYio + gu(Tio) + D izi o Wiie jongu(Tjor) + Lo

In these equations, ¥(Af) < 1 represents the spread of the inhibitory activity within a hypercolumn,
Jogz(x;9) models self-excitatory connections, I, and Iy correspond to background inputs (i.e. noise and
inputs modeling the general and local normalization of activities). Depending on the visual stimuli, the
system settles into an oscillatory state, and temporal averages of g, (z;p) over several oscillation cycles
(about 12-24 membrane time constants) are used as the output of the model.

The model parameters are defined as follows:



oy =0y =1; K=12; T, =1; Ly, =1.2; g1 =0.21; g = 2.5

0 if ©<T,

1 if x>T,

0 if y<0
g(y) =1 9y if 0<y<L,

gLy +g2(y—Ly,) if 0<L,<y

1 when 6=0
() 0.8 when |0 =n/K =15°
~ ) 0.7 when |0 =27/K =30°
0 otherwise

Ic =10 + Inoise
IO =0.85 + Inorm + Inoisc

= Zjesi 2o 9= (T507) 2
Inorm,zﬂ =-2.0 (W) ,

S; = {j]d(i,§) < 2}, where i = (i1,i3) and j = (j1, j2) are considered as points with integer coordinates on a
regular grid embedded in the real plane and d is the Euclidian distance d(i, j) = \/(11 —71)%2 4 (i2 — j2)2.

Tnoise :N(i'§0't70'gg) = N(0701,01)

Jo=0.8
0.126 - e~ (8/d)°=2(8/d)"—d*/90 if (0<d<10and < m/2.69)
Jin o or [(0<d<10andf<m/1.1)
6,567} = and [01] < /5.9 and |6;] < 7/5.9]
0 otherwise
0 if d=0ord>10o0r 8 <n/1.1
Wi jo) = or |Af|>n/3 or |01] < m/11.999

0.14-(1 - 6*0'4(5/‘{)1'5)e*(A‘g/(’T/‘l))l'5 otherwise

In the previous equations, d = d(i, j), and 61, 02 are the angles between the edge elements at positions i
and j and the line defined by i — j, with 61| < |62] < 7/2. The sign of the angles is determined by the
condition |6;| < /2. Finally, 8 = 20, + 2sin(|61 + 02]), and Af =6 — 0’ (with |0 — §'| < 7/2).

Parameters of the model

In the model that we propose in this work, V1 hypercolumns are characterized by S x K neurons units
[i, s, 0] (each pair involving an excitatory and an inhibitory unit), with RFs centered at i, preferred spatial
frequency fs = 275~V f; cycles per image, where s = 1,2,...,S and fo ~ N/10 cycles per image (N is
the size of the square grid of units), preferred orientation § = 0,7/4,7/2,37/4 (K = 4), also referred to
in the main text as horizontal, first diagonal, vertical, and second diagonal orientations and denoted by
(h,dy,v,ds), respectively.

The dynamic equations governing the behavior of the proposed model are:



Tiso = —aTiso — Gy(Yiso) — D_ns,ne0 V(A8 A0)gy(Yistaso+a0) + J0gz(Tiso)
+ 2 i si s Jlise,js0092(Tjsr0r) + Liso + 1o,
Yiso = —QyYise + gx('rise) + Z]‘;ﬁi)sl’el W[isg’jslgz]gx(xjs/e/) + 1.

Below, we only describe the parameters that differ from those used in Li [1], which are described in the
above section.

K=4
S =1logy(N/16), where N is the size of the square grid (N = 256 for the static effects, N =128 for
the dynamical effect).
W(As, Af) = M(As)p(AD), where

1 when As=0
AMAs)=< ¢ when |As|=1 (ie. As=s— ¢ for two neighboring scales s and s’)

0 otherwise
and 1 (Af) = cos(Af)3.
The value ¢ = 0 corresponds to the case where there is no scale interaction in the model (perceptual
channels of one octave). The results presented in this work corresponds to the value ¢ = 0.05,
corresponding to a slight mutual influence between neighboring channels.

Z]‘ES.L- pOPY gz(l’jsgl))Z

Loorm(is6) = 2.0 .

jes;

J[Z‘Sgﬂ's/gl] = )\(8 — S/)J[‘ig’jgl]y where

0.126 - ¢~ (8/ds)*=2(B/ds)"—d /90 if (0<ds, <A, andf <m/2.69)
J - or [(0<d; <A, andf<7/11)
[i6,76"] and |01 < /5.9 and [6;] < 7/5.9]
0 otherwise

Ay =10 (2¢)7 Y, where e = 1.1
ds(i, j) = d(i, )/ (2¢)*~)

and
W[isa,js/g/] = )\(S — S/)Wﬁ@,je/]’ Where
0 if dg=0ords>Asorp<n/l.1
Wio 01 = . Lor |AB| > /3 or |61] < w/11.999
0.14 - (1 — e~ 0-4B/ds)" 7)o =(A0/ (/1) otherwise.
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