I}Jﬂ@ﬂ Honda Research Institute Europe GmbH
Honda Research Institute EU httpS//WWW honda'ri de/

Simulations of a columnar architecture for
cortical stimulus processing

Rudiger Kupper, Andreas Knoblauch, Marc-Oliver
Gewaltig, Ursula Kdrner, Edgar Korner

2006
Preprint:

This is an accepted article published in Dynamical Principles for neuroscience
and intelligent biomimetic devices — Abstracts of the EPFL-LATSIS Symposium
2006. The final authenticated version is available online at: https://doi.org/[DOI
not available]


http://www.tcpdf.org

Simulations of a columnar architecture for cortical stimulus processing

Rudiger Kupper, Andreas Knoblauch, Marc-Oliver Gewaltig, Ursutari€r, and Edgar &rmer
Honda Research Institute Europe GmbH, D-63073, Offenbach/Main, Germany
ruediger.kupper@honda-ri.de

How does the brain, most notably the visual system, ! St
H “ ” H 'A invariant
manage to process and ultimately “understand” the im- B2 ED local feature
mense amount of data, that is picked up by our sensor: A =
in each secqnd of everyday Iife? What strategies, wha' m ] B1 ity S
neural algorithms does it use to interpret the sensory in- L\ a2 S sons
put in terms of what it “knows”, and how does it decide R (tocal alphabe)
. v A1l full input signal

when to learn and memorize new content? i (local alphabet

Questions like th_ese st|.II go Ia_rgely unanswergd, v A o1 @ —
when we come to view brain function as a whole — in behaviour controb
spite of the overwhelming amount of detailed neuro- "' c2 B pegcen
physiological data that is available, and in spite of our

progress in modeling and explaining individual brain

functions in specific areas of the brain. The brain igigure 1: Layered model of a cortical column as pro-
probably not just a collection of highly specialized neuposed in [3]. Three different subsystems at different
ral circuits, which provide individual optimized solu- vertical locations (layers) are intertwined within each
tions at the various stages of processing, but it re-usesrtical column. The A-system (middle layers) accom-
the same set of generic and powerful processing stratglishes fast bottom-up processing of sensory signals.
gies over and over again. Thus, answering the abovhe B-system (superficial layers) represents the input
guestions based on the available physiological data fegom the A-system in a refined way by exchanging in-
virtually impossible, without having a useful hypothe-formation with neighboring columns. The C-system
sis of brain function, ranging from local circuitry to the (deep layers) develops representations related to ac-
brain as a whole. We aim to answer these questionpn/behavior and predictions fed back to lower levels.
founding on a concisely drawn functional model of a

reappearing cortical circuitry, which is the very basis ) ) o

of cortical stimulus processing and understanding. cal hierarchy can activate a coarse initial “local hypoth-

In [3] we have put forward a hypothesis of computa—eSiS" on the contents present in the stimulus. In the “B-
tion in neocortical architecture. It bridges the gap beSYStem” (superficial layers 1l and upper Ill), this ini-
tween processing of signals at the single-neuron Ievé_f,al _hypo_the3|s IS reflned_by slow_er processes, involv-
and the processing of cognitive symbols at the leve'd Itérative exchange of information between columns
of knowledge representation: This model proposes tH&th at the same (horizontal connections) and at differ-
cortical columnas a basic, generic building block of €Nt hierarchical levels. Finally, the “C-system” (deep

cortical architecture. The same columnar circuit is rel@Yers V and Vi) represents the local interpretation of

used all over the cortex, applying a generic algorithm tthe input signals that results from the local integration

varying sensory data. This model gives a detailed fun@ Pottom-up, lateral, and top-down signals. The local
interpretation of the C-system is then fed back to the B-

tional interpretation of the six-layered columnar corti- . . . .
cal architecture (fig. 1) and related sub-cortical (thaSyStem of a lower level, inducing expectations, predic-

lamic) structures. It hypothesizes three intercommunfions: and consequently revised interpretations of the
ut signals at this stage. Subsequently, input signals

cating columnar processing systems at each stage of he o
cortical hierarchy: The “A-system” (including the mid- that match the local predlct_lon are suppressec_i, and only
differences between predicted and actual signals can

dle cortical layers IV and lower 1ll) accomplishes fast ) X i
bottom-up processing. Computation in this bottom-reaCh the next higher cortical level (cf. [5]). Thus, stim-

up pathway is heavily based on a spike-latency codé','“s cont(_ant is effectively expressed in terms_of previ-
which is able to reliably encode stimulus properties ifUS!y achieved knowledgsglf-referencl Learning of
the timing of individual spikes [4]. In the A-system, "&W representations is induced, if the remaining activ-

the first wave of spikes traveling upwards in the cortilty IS 100 large, and if the difference signal reaches the
highest level of cortical integration, the hippocampal

*Submission to the EPFL-Latsis-Symposium 2006, Lausanne. formation.
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Figure 2: The "COREtext” model implements three < “world model”
cortical levels (denoted V1, V2, IT for convenience)
including the columnar A and B subsystem to exploré=igure 3: Layout of our visual model of saccadic object
the neural activation dynamics and the “switching-off"recognition. The model consists of various visual ar-
mechanism (inhibition from B to A2), as proposed ineas (R, V1, V2, V4, V6, IT), auditory areas (AC), hip-
[3]. We use text as a simplified input space, giving expocampal formation (HF), saccade related areas (SC,
act rules for the construction of receptive fields. S1, S3), and some auxiliary areas triggering learning
and the execution of saccades (LX, SacX). Currently

only area V4 implements the full columnar model.
At the Honda Research Institute, we substantiate this

model on several levels of detail. At the single neuron

level, we investigate, under which conditions a spikeobject classification and the learning of new object rep-
latency code can reliably be generated and maintaingéisentations, based on the incremental refinement of an
in the visual system [4], and we propose, how the viobject hypothesis during a saccadic sequence.

sual system can immediately profit from the use of a In our contribution, we will give an overview of
spike-latency code, implementitgomogeneity detec- our different modeling approaches, ranging from the
tion [1]. At the level of several cortical columns, we single-spike level, over investigations of the columnar
examine the information flow inside the column, andlynamics, to a large-scale simulation of main parts of
between columns of different cortical areas. We simuthe visual hierarchy.

late a model prototype, that demonstrates the formation

of a fast initial stimulus hypothesis, and its subseque

refinement by inter-columnar communication in a hierr—lszefe rences

archy of three cortical areas. In this reduced (but inpy} marc-Oliver Gewaltig, Ursula irner, and Edgar &mer.
structive) simulation, we implement word recognition ~ A model of surface detection and orientation tuning in
from a string of characters (fig. 2). The three cortical primate visual cortex. Neurocomp. 52—-54:519-524,
areas represent letters, syllables, and words. Focusing 2003.

on the intra- and inter-columnar dynamics, we ShOWo) A knoblauch and G. Palm. Pattern separation and syn-
how the different processing systems interact in order  chronization in spiking associative memories and visual
to switch off expected signals and accomplish symbolic  areasNeur. Netw.14:763—780, 2001.

recognition of words, and how representations for ne Edgar Korer, Marc-Oliver Gewaltig, Ursula &ner,
words can be constructed based on old representations apqreas Richter, and Tobias Rodemann. A model of
(self-referenck At the level of the visual hierarchy, we  computation in neocortical architectureNeur. Netw,
implement a large-scale simulation of main parts of the  12(7-8):989-1005, 1999.

visual sy;tem, involving several primary and higher vi-[4] Rdiger Kupper, Marc-Oliver Gewaltig, Ursuladiner,
sual Corf['cal areas (V1, VZ_’ V6, IT), as well as parts * and Edgar Krner. Spike-latency codes and the effect of
of the hippocampal formation (HF), and sub-cortical  saccadesNeurocomp.65-66C:189-194, 2005. Special
structures involved in generating eye saccades (fig. 3). issue: Computational Neuroscience: Trends in Research
In this model, we simulate the interplay of visual areas 2005 — Edited by E. de Schuitter.

in object recognition. Area V4 exemplarily features thgs) g p. N. Rao and D. H. Ballard. Predictive coding in
detailed columnar setup. It is embedded into the hier-" the visual cortex: A functional interpretation of some
archy of other visual areas, which are modeled as to- extra-classical receptive-field effectblature Neurosc;.
pographic feature maps and associative memories [2]. 2(1):79-87, 1999.

Using this model we can demonstrate trans-saccadic



