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Abstract:

Visual information processing at the symbolic level is examined from the point of view
of conceptual operations implied in perception, representation and their cognitive
components. Visual symbolic representation is considered as being carried by visual
particular attributes of the scene independently of linguistic verbal representations. It is
hypothetized that visual symbolic representations precede verbal linguistic competence
acquisition that generalizes symbolic operations which in the development process
occurred in the visual system. A distinction is made between visual mappings and
significant-significate relationships carried by high level visual symbols.
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L. Introduction

The analysis of visual information processing in the Nervous System has been deeply
influenced by very significant advances in the knowledge of neurophysiological
phenomena such as lateral inhibition, feature and object detection, hypercomplex
responses 1o invariant characteristics of stimuli (Hubel, Wiesel, 1965, Jung 195%;.
Maturana, Lettvin, McCulloch, Pitts, 1960). An alternative approach that deserves
examination is the analysis of significant-significate relationships when the signals which
constitute visual mappings are considered as symbolic carriers of information. In one
proposal of Charles Sanders Peirce (1966} signs may assume the characteristics of icons,
diagrams or symbols. These distinctions may be applied to visual processing and
contribute to clarify some issues of high level symbolic visual processing. If we consider
a concrete example of a complex visual perception ot representation, its firstness can be
experienced subjectively in its vividness and sensory freshness projected on the external
world. At this level the distribution of some characteristics of coloured surfaces, their
texture and some particular shapes for instance proportions present in lines composed by
elements of the image produce an immediate aesthesic/aesthetic experience in observers
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of the scene perceived or its representation. Some particular attributes of colour and
shape are identified upon the background and contribute also for thi:; iconic
representation contained in the whole of visual perception. The iconic elements are used
in our culture to provoke emotions, feelings or aesthetic or motivational states. Examples
may be found in the form of particular identifications: a tower of a church, the colour of
the sky, the white, the gray, the green in an ondulation of an extension of land or water,
the colour of skin, to mention only a few examples. As we begin to analyze in more
detail those signs contained in visual perception or representation, diagrams become
apparent and are successively scanned. Diagrams are summary conceptual
representations and descriptions written in a visual alphabet and languages contain
information about paosition, dimension, borders, continuities, vicinity, distance, attributed
structure, function and possible modes of interaction. In children before they are able to
use linguistic competence they can play games, perform acts and intentional plans of
action and irnitate in a simplified diagramatic form the gestures of some present or past
models. When we are driving a car, playing a sport or acting, motivationally or
emotionally at a basic level, most of the time it is used this diagramatic system of
representation which we share with other spectes and which allows the use of a
rudimentary but efficient systeni of inference. When we drive a car in routine conditions
or else in extreme emergency circunstances the diagramatic system of representation is
used in decision making. The same is true concerning sports which require extreme skill
and perceptive-motor coordination. The same happens in artistic performances which
implies extremely virtuosistic ability. Objects which elicit decision and action, and the
matching of action performance and its object and purpose are performed within a non
linguistic system of representation. They may be afterwards described using a linguistic
cade in some of the characteristics they assumed but these linguistic codes have not been
used during perception analysis and behaviour performance except for some particular
aspects. At this level of analysis visual perception contains information which is
represented and analyzed in terms of diagramatic signals. Stimulus detection and
evaluation as well as actions or patterns of action in basic motivational acts are
performed in other species and probably in many circunstances in humans exclusively
within a conceptual system carried by these diagramatic signals.

IL Symbolic Processing

Neurophysiological processing from retina to the brain produces elementary
components of the mapping of stinwli in the CNS. Simultaneous contrast, sucessive
contrast, position of line segments, angles, colour and colour contrast are representation
elements which share, all of them, an almost immediate referential relationship with the
stimulus which ellicited them. A similar relationship is present in some object detectors
found in neurophysiological experimentation (Lettvin, Maturana, Pitts, McCulloch,
1959). When a mapping of an object is processed with the aim of contour identification,
using the neurophysiological paradigm three procedures seem to be likely to occur: (D
definition of a contour by line and angle detectors which define a closed area in a surface;
(2) detection of the gravity center of that area and (3) sampling by a delta wave
transformation rotating along the line contour with the rotation center coinciding with
the gravity center of the area. Autocorrelation may allow the immediate characterization
of regular poligonal forms as well as circle, ellipse, oval and other closed curves. A
Neural net which implements all these sucessive operations may be said to represent in its
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states the figure. When we examine this problem in a more general situation whick
ocours when the contour itself has to be found and specified other operations are known
to be performed and other cues are used to characterize the stimulus, For instance,
binocular angle of convergence contributes significantly 1o calculate distances. When the
CNS scans a scene containing tridimensional objects, a systematic procedure may
produce the characterization of the visible surfaces in terms of the position of the points
which compose them in a tridimensional system of coordinates. Another processing is
then necessary to identify the contour of these surfaces namely which of them may be
chosen as characteristic contours of a tridimensional object. A procedure for this purpose
might be the scanning, using successive measures of the angle of binocular convergence
of distance to chosen points in the object surface. An approach might then be the
attribution of the quality of contour point to any position at which distance measure
suffers a sudden change, large enough relatively to the mean value of a previous set of
measures taken along the same meridian or parallel geodesic lines along the surface
limiting the volume exceed a specified threshold o,
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This expression defines the decision criterion for surface contour segmentation and may
be conceived as associated to an adaptive algorithm which adjusts threshold e as well as
the average window size and spatial frequency, k. After the surface contour detection
algorithm would be applied, then the gravity center of the volume might be determined
and a two dimensional rotational delta transformation might be calculated. A problem of
this kind is raised by the experimental finding of visual system neurons for which only the
shape of a human face is an adequate stimulus. The algorithm behind this neuronal type
of response which occurs only when the stimulus has the shape of a human face raises
many interesting questions in symbolic visual processing. First three extreme positions
may be considered in which elements of the face are visible- frontal anterior, profile
(transversal) and frontal posterior. Between the first and the second position as well as
between the second and third position are definable characteristic sets of transformations
with preservation of some of the elements of the face, and not others. Considering the
frontal anterior position, a binocular scanning algoritm can operate the segmentation of
the complete shape defining components such as the external contour, hair, nose, lips,
ears, eyes. The contour of the areas corresponding to these components might be
calculated and determined their center of gravity. Then after closing open contour the
rotational delta transformation would be calculated and its cross-correlation with a
template might be obtained. This information for each component and the relative
position of the center of gravity of other components would then be represented in a
vector which might be compared with a reference vector. The same would apply for the
second and third position as well as for characteristic transition positions. These
operations would be performed in a neural net and the response of some of its neurons
would occur only when the stimulus was the shape of a human face. The visual concept
of a human face would correspond then to the visual information used in the decision of
the identification net and the decision rules and processing operations used in the
identification operation. Summarizing our discussion about visual identification of a
complex form (Human Face) we have the following relationships:

vML;, Ref(ML;)=WL;
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in which Ref represents the reference relationship between mapping lines, ML, which
correspond to the result of low fevel neurophysiological processing and world lines, WL,
which belong to external objects which act as stimuli. The next relationship defines a
second level of processing in which symbols X; have a significant/significate relationship,

Sig.
X ={Xj, X3, - Xp} &YX;, (X; Sig ML}
A transformation U
aML; U(ML;)=3X;
which may be interpreted as the basic symbolisation process. It establishes a
correspondence between ML; and the new symbols X; which satisfy the relationship X;

Sig ML;- that is the new Xj carries a new significant relationship while MLj while ML;
carried a referential relationship to WL;.

X; Sig ML; means that Xj is an attribute which is related to ML, as a significant of an
attribute which is conveyed by ML; .Over significant symbols, X;, there are defined
predicates, P(Xj), as relationships over the Xj.

P(Xj) = Ry(Xjs Xigs vons X X Xpo - XpCX

where R; corresponds to the relationship which specifies P(X;j). P(CF), predicate
characteristics of a complex form, CF, are defined as higher level relationships over

predicates P(X}, P(Y), ..., P(Z).
P(CF) =Ry (P(X), P(Y), ..., B(Z))
such that Ry, = boolean matrix [o}, (P(X), P(Y), ..., P(Z)) =boolean vector {u] such that
{o] [u]=[¥]
with Hamming distance
dist([v},[r]}) =

in which {r] is a vector which expresses the complete set of attributes which {v] may
possess to satisfy relationship P(CF) represented by [o] over the components of [u].

For the representation of the human face we identify it as a complex form CF(HF),
defined as a relationship Ryp

CF(HF) =Ry r(P(E), B(N), P(M), P(Er), P(Ey), P(Fh), P(Har), P(Cont.})
for each P(X); for instance, for P(E), there are

X(E) = {Xi(E), Xo(E)s - XZ(E}
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such that for any Xg(E),
X (E)=T"(Rot.n(ScO(ProjP(X;(EN))) C X(E}

in which T represents a translation transformation, Rot, a rotation transformation, Se, a
scaling (dilatation and contraction) transformation such that the next relationships are
venified

[og] [vgl=IvE]
dist{ vphirg) < eg

As it was proposed in the introductory text CF(HF) does not correspond to the
verification of all P(X) considered independently one from another. There are "gestalt”
relationships such as stereometric distance between the gravity center of all the ML
which define X over which P(X) are specified; normalized relatively to the simetry
meridian, the individual angular Rot(ML;) that must be equal for all ML characteristic
of all X; from P(X;). A similar problem occurs relatively to each of the components-
namely the eye contain the pupil (circle) enclosed by a ring (the iris) enclosed by an
ellipsoid form {the conjuntive) enclosed by the upper and lower eyelids, with the nose
between the eyes then the mouth, both at similar distance from the ears and their distance
one from another less than the width of the mouth.Other elements of the CF are relevant
such as colour, limmits of coloured surfaces, characteristic projective transformations.
Another necessary concept is the notion of an incomplete CF-ICF. Mirror images,
photographic images as well as artistic representations depend for their recognition on
the definition of attributes of incomplete forms as well as on some transformations like
light-shade modelling transformations, perspective transformations and projected size
transformations. Relative size, intersection or interposition as well as iconi¢ identification
contribute to the identification of ICF representation under the form of purposefully
prepared referents.

A clear distinction appears at this level, in visual processing, if we compare it with the
initial visual mappings identified in neurophysiclogical experimentation. Namely,
conceptual visual representation requires that components of the mappings and their
transformations belong now to classes of equivalence of representational elements of
visual concepts. They are no more simple direct or transformational mappings but rather
symbols of particular attributes of the visual concept. Their relationship with the concept
corresponding to the stimulus is now specified as one of significant to segnificate similar
fo the significant-significate relationship which occurs in linguistic systems. An
autonomous visual language of information processing at the conceptual level exists and
is autonomous and in many aspects independent of the verbal linguistic systems of
communication and conceptual representation. During human maturation visual and
probably multisensory systems of conceptual representation precede the acquisition of
linguistic competence and probably persist as an autonomous system of representation
after this acquisition. It is probably due to this fact and also to the refinement of
perceptive operations in the auditory system and also to the precision and refinement in
sound emission that human language was developed on sound emission and perception.
Visual concepts were carried in part to this system of symbolisation and the performance
of visual conceptual operations was then incorporated in reading and writing operations.
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IE1. The Sig relationship
The relationship
1X;, Sig(X;) =3ML;

plays a central tole in our theoretical proposal because it implies a second level of
symbolization which goes beyond obligatory mapping procedures. Complex cell
responses were first described by Hubel and Wiesel in Visual 11 associative area. These
cell responses are elicited by longer line segments than in the case of simple cell
responses. These responses are proportional to the length of the line stimulus in Visual I,
primary visual projection area cells which detect and identify segments of straight lines
with a fixed specific dimension and orientation in space are examples of ML;
representations. Complex responses, CR;, may be interpreted as Xj which imply the
following relationships: (a) CR; are generated by a set of MLj detectors; (b) these
detectors, ML;, are colinear with CR;; (c) for each ML; there is an ongin which
coincides with the initial point of CR; or else with the final point of the preceeding ML;_
1, and a final point which coincides with the extreme of CR; or else with the initial point
of ML; 1. Angle detectors, A, are related to the CR; and CR; through the following
relationships: (a) the vertex of the angle, Ajj, coincides with one extreme of CR; and one
of the extremes of CR;; (b) segments i and j which define A;; are respectively coincident
with MLE and MLyN|T, the final segment MLj of CR; andl the initial segment ML; of
CR;. Cells which detect angles were described in visual association areas and were
denoted as hipercomplex cells. While at the ML; analogical level of representation the
mapping ML; of WL; has a definite spatial correspondence with its reference, on the
contrary at the X; level this relationship is carried by a representation using rules of a
cotivention and not by simple spatial analogy:

X;=(L{CR)AL{CR;)AA})

The following dendritic operative networks embodie these hypotheses.

Licry

LICR)

Figure 1a- At the Xj level the relationship may be expressed at a second level of
fepresentation by AijAL(CR;)AL(CRj). Representation on the left side corresponds to
an analogical mapping constructed over ML; and ML;. Representation on the right side
implies the information about CR; and CR; and their respective lengths and the angle
A;j between them. Conventions about dendritic computations can be found in "Dendritic
Computation in the Brain® in this volume.

While rotation transformation might be represented in analogical form by a dendritic
network presented in figure 1b.
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Figure 1b- A rotation of CRj into CRy; and of CR; into CRy. Xj is represented on the
right side. At the level of the X; it is represented as

T(CR;,CR;)=CR},CRy
and angle of rotation

V(Aip=V(Ap),
Rot{A)y=Aj=A;1.
Concerning translation transformation, TI, of a CR;,
THCR;=CR;j A (CRj paralell CR; v CR; colinear CR;j}

is represented at the ML; level by a dendritic network presented in figure Ic.
Y

i, ey
Figure lc- A dentritic network that performs the translation of CR; into CR;.

Scaling, that is, dilatation Dj; or contraction Cjy may be represented along a dendritic
network of a similar type (figure 1d).

—
—

Figure 1d- A network which performs contraction and dilatation of a given CR;.

Aswe have shown g;(fi(x).fj(x)), cross correlation of fi(x) and fj(x) to be
used as pj;(CR;,CRy) is also representable at the level P(Xj), the next level we
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in figure e provides an example for this Jevel of operations which may be
fed as oceurring in Visual II1.

%,in= 1. T, CR®) CRGx+i 7

ons CRj(x) and CRy(x) which specify dendritic messages which are propagated
Fedm dendritic trees of neurons nl and n2 respectively. The lag of CR;{x) is produced by
elay loop 7. Multiplicative interaction is produced by iterative additions over a set of

srons n3.

rThe final level of processing implies a dendritic network which may calculate the
aternal product of a P(X}L,P(Y), ...y P(Z) = [u]:
:

[o} ful=1v]
dist([v][r])<é

;" As we indicated in the previous section beyond the identification of a CF there are
:igientiﬁcalion operations for the attributes of all of its components P(X), P(Y) and all the
others. These remarks illustrate in a more intuitive form how dendritic computation may
be used as an approach to model the way symbolic visual processes occur in the brain in
an oversimplified model which nevertheless may provide some guidelines to build models
of complex visual processes.
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