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Dynamic fields of varying
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New cognitive functions
emerge as dimensionality
is varied
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Extract bound features

visual scene
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Assembling bound representations

M projecting into higher-dimensional field by
“ridge input”
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Assembling bound representations

visual scene
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Assembling bound representations

M binding problem:
multiple ridges lead to
a correspondence
problem

B => assemble one
object at a time...
sequentiality bottle-
neck!

[Schneegans et al.
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M => Raul Grieben’s case

study
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Binding by joint representations

visual scene

360

space-color
field
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Binding by joint representations

m example: bind orientation, color, texture, scale,
and 2D visual space => 6-dimensional field

= |00 neurons per dimension => 10'? neurons ~
the entire brain!



Binding through space

M separate 3 to 4 dimensional feature
fields

M all of which share the dimension ,'\
visual space (~all neurons have A
receptive fields) CANOA

M bind through space a la Feature /\
Integration Theory (Treisman) A N

..........................
o

[Grieben et al. Attention, Perception & Psychophysics 2020]
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Binding through space

--------------------------------

- scene spatial
selection

azis
ezis

® bind through _ e >>

spaceala = “— )
Feature : —f .
Integration | -
Theory E

(Treisman) _ 1N >> »‘F)\ ——~ .

>9
uoljejusLIo
uoljeuslIo

uoiljejusaiio

3
10[0D
|

10]0D
10[0D

o

X P T X :
Scene Memory Memory © :
Space/Feature Selection ® Space/Feature Maps ® : Space/Feature Selection :

[Grieben et al. Attention, Perception & Psychophysics 2020]



A A
cue E éJ
green £|| |} g
<v 5
2pt (i€ 211 [<
- — \
o 9
o o
Ul g < Ol e -
A _w_ A
/UT —~
g 5 }
= s
Y w )
— }* answer <=
3 I | . [ ) | |
Q c_9 a, --<--<_ZI< <
& S =B
N1 e = N 4\ < \
wn
o
o
A : 28 Iy Y
———— YaN
6° —4° —2° 0° 2° 4° 6° 6o 40 0o 00 90 40 g0

[Schneegans et al.,Ch 5 of DFT Primer, 201 6]



shared space attend to this item
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Coordinate transforms

B fundamental element of sensori-motor, but
also of mental operations!



Coordinate transforms

= eye movement: from retinal to body-centered
representation (e.g. for reaching)

visual scene visual scene

/

I /
I /
| /
| /
l /
|

eye with

ocular muscles

visual image visual image

[Schneegans Ch 7 of DFT Primer, 2016]



Coordinate transforms

= eye movement: from retinal to body-centered
representation (e.g. for reaching)

) 4 ) 4




Coordinate transforms

® hand movement: from body-centered to
hand-centered representation

mc1vement Rt
direction




target reference

Coordinate
transforms I —

|
M relational concepts: from

visual space to frame
centered in reference object

M e.g."vertical object to the
left of horizontal object”

M => Mathis Richter’s tutorial
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o

centered on T /\ >

reference

ST
left . ight O



Coordinate transforms

B fixed mapping: neural \ "
projection in a neural A

network

B flexible mapping steered

by x A A A A
B x=gaze direction > > P
B x=hand position \ /

B x=position of reference object I ?

[Schneegans Ch 7 of DFT Primer, 2016]



Coordinate transforms

steer: gaze angle retinal space

A A

M a joint representation of

M the space to be mapped

M the steering space

® bind the two spaces

>

B project out to
transformed space body space

[Schneegans Ch 7 of DFT Primer, 2016]



Coordinate transforms
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Coordinate transforms
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Coordinate transforms

10

q Rk T T T T T
A .2 retinal field B
s Of----========-=m-=--- /\ -----
2
5 : .
< -10 L L L ) visual stimulus
—60° —40° —-20° 0°  20°|| 40° 60°
60°
=
2
8 14 gaze’
%
- - 200 g -
g= { :
Q
]
- 3:1
S
Q
N
L <
)
i o —20° 30° 10°
~ 60 . g gaze stimulus  stimulus
-0 -0 retinal position direction  (retinal) (body-
activation y

centered)

[Schneegans Ch 7 of DFT Primer, 201 6]



Coordinate transforms
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Coordinate transforms
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Coordinate transforms
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Coordinate transforms

B predict retinal image from memorized scene
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Spatial
remapping
during
saccades

[Schneegans Ch 7 of DFT Primer, 201 6]
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Spatial )

remapping 0
during
saccades j
<

[Schneegans, Schoner Biological Cybernetics 2012]
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Coordinate transforms

M estimate gaze by matching scene to memorizes scene
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transformation field

body-centered field
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ing

Scal

gaze field

r, 2016]

Ime

[Schneegans Ch 7 of DFT Pr



Scaling

M joint representation of steering and
transformed space ~ 4 dimensions

B binding through space... enables
transforming only space!

M => coordinate transforms are linked to the
sequentiality bottleneck!



DFT architectures

B why are the peaks and their instabilities
preserved as we couple fields into
architectures?

M stability => structural stability=robustness

® = invariance under change of the dynamics



DFT architectures

B controlling the instabilities of fields in an
architecture is a source of flexibility

B example: architecture for perceptual
grounding of spatial relations

M (=> tutorial by Mathis Richter)
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DFT architectures

M enabling a field go through the detection
instability or not homogeneous input
(boost)

B reweighs the effective coupling in an
architecture

B ~gating



Summary

M higher-dimensional dynamic fields enable
new cognitive functions: binding, attentional
selection, matching, visual search, coordinate
transforms

M stability => robustness and enables DFT
architectures in which components retain
their functional states



