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Adter consldoring the methodology of the redation hetwoen perception and
topology the author discuzsea the concept of perception with emphasis on
the externoceptive varioty,

A possible sc for the constinction of some perceptun’ masnics s praposal,
The poner concludes with a soforence ta ternecoptive percention.

1. METHODOLOGICAL INTRODUCTION

In spite of the increasing number and of the qualily of papers devoted 1o
nevrology and sengorial physiology, one would hardly say that we under-
stand how for instance visual images are produced, or how the consciousness
we have of these images i3 established.

Our knowledge of the nervens svstems are too often local, or on the
contrary very general, The functional rele of the elements which are cbserved
or studied, frequently escapes our understanding. However, mathematical
models have besn built which sometimes present some interest, Yet, we have
to recognize that, in general, our knowledge and our understanding of the
biochemical and biclogical substrates are too {ragmentary to allow us o
built up fruicful models. In the first volume of the Handbook of Semsery
Physiofozy, R, Jung has defended this thesis with strength and clanity, and
1t would be appropriate for us to subscribe to it,

Over-axiomatic and over-precise biclogical models often quickly Jose
their interest in the light of new discoveries for neurophwsiclogists. Of course,
it would be rather unwise to condemn outright such attemps to set up rigo-
rous models. In the actual state of our neuro-physiological knowledge, it would
also be unreasonable to cast doubt on even the vaguest maodels or on even
smple ontlines of maodels, since in time, with the progress of experimental
knowledge, such models will inevitably become mare precise and o more
HROrons,

We have to deal with the phenomenon of the living world, whose essen
Dal characteristic is plasticity, Thus the models to consider must be, above all,
models of a dyvnamic nature, whether they be models where the geomeltrico
differential basis is preponderant (dynamical systems, theory of catastro
phics) or models with hydrodynamical settlement. We intend simply, in this
thort paper, to give a swrvey of some examples of the wse of geomelrical
concepts underlying these dynamical models® in perception heory,

4 NOTION OF PERCEPTION
e rather vigue concept of perception cannot be embodied into a simple
aid short debimition. lml:-ul, to encompass this definition, philosophers have

oilen made great efforts.  We obtain more clarity by taking into account
the o tonal rale of |n|u"||ic.n_

hoto 17 Aspect from the opensig of the Thivd Taternaticnnd Cangress )
of Cybervotics and General Systems

W i i conmpp i

Y lanbol sl Topelogy, appearsd in Modern Trends fn Cybeination and Syutomn,
ol B0 litans Tobimton, Mo barost, 1977




_ MODERN TRENDS IN CYBERNETICS AND SYSTEMS — Symposium 110

der this term is a set of various activities and
ofpanizations whose true purpose is to contribute to the maintenance, and to
{he survival of the biological being in its active state. To reach this goal,
the individual and social-biological machine needs energy, Thus the Lving
Leing attempts to develop a whole set of mechanisms to Jocalize, grasp, tran-
sorm and keep this energy.

The localization may be practically immediate, In this case, we shali,
in general, say that this form of perception is “turned towards the exterior”
or 18 “externoceptive’”. The corresponding perceplive activity callg, in the
{iret instance, for the work of the classical sensorial faculties.

Opposite to this made of srception, is a second type of perception,
(he “inferno-verty” perception. When the localization of energy cannot he
done all at once, the mind is Jed to conceive a whole set of rapprochements,
of comparisons, of analogies and of vonsequences that have to be grasped,
and Lo be brought up to the conscicus level. The goal of this mental work
iruation of the subject and its environmument, and to deter-

i to simulate the si
mine the various behaviours which must follow in order to set the subject

up in_an opiimal energetic position.

Though we deal with mental or sensory perception, we should not
forget that, etymologically, to perceive means not merely to grasp by means
of Lhe senses, bt to pick among, which implies to experiences, to choose and

Lo prasp.

What is usually meant un

L ON THE EXTERNOCEPTIVE PERCEPTION

41 Phylogenetic study of forms, Any energetic form has o past. [ has
gone through an evolution. It has obeyed, in some way, the biclogical rules
of differentiation and complexification. Grosso modo, these forms can be
clussified according the following scheme!

Encrgy

physical
chemical
Liochemical
vegelable animal

One should notice the reversible character ol this alfiliation which
might be abtained by the onset of some degradation process, In prnciple,
according Lo the order given by the arrows, cach energetic form I8 able lo
absorh o second energetic torm leas advanced on the evolutive diagram
It happens that these forms abey the fude of patural classlication, w i
madn fealures are in our subcons fons, wd Phat sommetimes, e s lowrn to
pecognize and codify. In this way @ Hmited number of pertinent features
charncteriatic of vach form appear, however which are salficiont 1o allow

us Lo recognise Torms
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32, A gen
v asoneral property of perceptual mechanisms. It secems that exterocep-
the: five senseaiThe v.tm[k'm 10 properties! that we can find in each ot
The second is also of 'lnl imo?plzgf;wicplinpmm is a global morphalogical one
. < . al 1 “ : e < LN
ments the first property, & nature, and n a certain sensge comple-

Accordi 2 L

me for rméllnﬁi;ﬁth"}*’“o'}d property, it weuld seem that the general sche
form F w'\i(g:]i: th lz)l orm involves an emmitting agent E, the informative
tive agcni R ;],g& ~‘rccog.mzcdb([c 15 1 part the mould of E}, and a r:ul ;:-
A ' e form 18 1o be eastly identifie it Al A 1oy
that it must be shapped by F, in-formed ]‘ly I;Ju(l with the form of 5, w0

-

<>

The form T is emite q
tuning fork, sct mltol:,nnll:u? by E: for instance, in the physical world a
BHIEh propagates, strik ration, 5p_re:uls a copy of its form around il-wl}
i e (:ngs .'will put‘.? :nfmovcmenl a second tuning fork iden-
et 14 ), en the form F is emite e
within itee ; » S e
S ilf ;!:ci.:_:ll::in;_of :} standard form that it projects m? I'! {t’o l:ml*)?::;'“:
. : s e . -G - LA o
L ahlc‘ 5 f!lnf lo}rm‘ for it. A typical example of such a siumli;.:n
forts homeo morphic to S2 ave undamental spherical shape, and to recognize
e ity ”:"-n.r}-(. tlt': tcn[ ,thusc plrlescnu;ug corners, as for instance cubes
. : , \ at the problem of £ ; ition is both of a
e e T e p ol Zorm recognition r ol g
L ;.l m('“{.}l\i{lll (.:; t{:;glx’ir:ittopologllml nature (!‘.omeomo:'i)?'v of ’;urll):)l:}n ann(;
4 (e ; ' \1sotopic  cobordis i %
;a}lu«; ol curvature, but inverting the :;:{ll;s)kl.\?])lllg ikl e Rl
3. A possible s ' ol
ge Il:v i Vgl!li?:: l{;r t._l_'l'elconst.ruc}ion of some perceptual mosaics, Recon-
e e nica spatial forms is a classical example of props ‘x,
BB krcil: tho geonui'rif”imdl aspects of these propagations are el l(I) be l«'lii‘l-
« the trical correspondence % > S e
soalmost unk ¢ pondence to the notion of chemical aflinity
Slos. .l'.lw‘”-";":]’::"ll:.a.ﬁ well as the effects of resenance bct'.v".:::i,z:rl:;:l' .l["‘mlu
B tion «nlwrlli"ln'u-||;t‘§::-;: F L Slt"'r.com'“"""c""l stquences, the 0"‘3&ﬂf(lllt"&(:)!'l:'l'(l'l."-
O lluwv-.l'o; i(lmiT ];; :EI i:!oltml stable form, are nnl;orlumltv)v.\I'u;»-'
: g YOI, 8 s<i1be O FIVe a very ee g Tl 1 e
rvmm'\'tm |I|',4ll could explain the lm'ma‘l?'on of et:c'"h #&L‘:’?I?'&) g 0
Avcarding to this scheme, ; R
Bl C l"‘]""';lt"* (l)ll.‘ls:« I'n( 1‘11.«*, i global form G is characterized by a potential
Srroundings, For “)m! l\r.:;:.- lvr;; \rl)ose value are under the illt{(ll‘nr‘f-'nf |'|,,'
! Cvalues of the parameters, tl tential f :
18, the pofential falls abraptly

l '““ Il ) mh
i potontial leadls o8 hreaking of the initial plabal morphalog

It secondary morl
whogion Tor ins . I 2
B hain of & i gl tance E, R, F, form the constitumnts of
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The classification of stereographic forms by purely mathematical means

jgnoring the phylogenetic past would be in some way artificial. That may
b the reason why this classitication seems actually so difficuls. If one wants
to forgel the past, one is obliged to teke into account the properties of the
clementary chemical constituents, thus of elementary morphologies which
wre the stones of the stereochemical edifice. ;
A 4. The dynamical visual space. In the former situation, we find cnce more
an ordinary property of the recognition of complex forms, This recognition
frequently leans on @ multitude of local geometrical processes of similar types
that have to be linked up in erder to ohtain a coherent general view. In man,
the construction of the visual image is made according to this methed of the
maosaic, of the geographical puzzle whose pieces are set together in such a
way that the concatenation of forms is realized, The visnal systems, by the
reaction it shows to local ditferences of light intensity and colors, practically
defines the zerossection of the tangent fiber space associated with the object
it is dooking at, This fiber space is built from an atlas consisting of a small
number of local charts; each local chart is centered around a singualar point
of the ocular pathway that, approximatively, plays the role of the nerve,
the lskeleton of the visnal atlas,

Let us insist on the dynamical character of the construction of the
visual image, buile from a multitede of small light gradients, Let us admit
that this dynamical visnal f:her space, V, which is present at the level of gan-
plionary newrens, remains invariant until the level of the superior colliculus
and of the lateral geniculate bodies, At this level, a part of the visual encrgy,
the one that wery likely corresponds o the second tangent fiber space of
the image, is sent to the movor centers, while the other part goes to the visual
arcas, where integrative phenomena occur, Seme charts of Vo owould be pro-
jected on some integrative nearons which so realize @ dynamical sub-fiber
ppace of V. By projection, the picture of cach chart musl lose its precision ;
bt sinee the orginal chart can be projected on different integrative nearons,
the overall impression remaing unchanged, possessing as much detail as before.
1.5 Differentiation of spatial perception, It is casy to recall the past evolution
of spatial perception, by following the evolution of the presence of semi-cire
cular canals, which play a peimordial rele in the equilibration of the Bving
b inite envivonment. Successively, we lind one somi-circulay canal in
the Myxine, two in the Lamprey, three in the Batracians,

We may think that the Myxine has an unicdismensional space perceps
tion, the one of light and gravily, The Lamprey would have already pot o
bisdimensional spatial perecption, defined by the vertical and the horzontal
We kpow that the visnal neavons of vertebrates are particulacdy senstive
o these two directions. We have just seen the importance of the vertical
with regards to the Myxine, The development ol the horisontal pecception
was followed by the unlocking of the rotations) group of the head, which
in fish operates in the horizontal plane, [hose considors tons on the phivlagens
of visual development show that (0 b quite sovmad for vismd sonsiiin e e
in these two priviloged divecBons to b the oot e o
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The perception of the third dimension, the one of depth, of the distance
from the subject, is undoubtedly more recent, If one is fed si:;mpl\' by (J.‘ii';iill:
tI}r: moutq, the presence of a mechanism that evaluates distances. is!‘;l o
use, On the contrary, such 2 mechanism is necessarly present when one has
to Sol?nd capture the prey by oneselr, y ' ey
! » a5 it is now become classical, we associate an epigenetic landscape
4 fa Waddington with any r:mlu')-‘ologicni and Ph}’log-cnotica‘lliig:'gll‘(:ll;;nl:z{l{ ! \r' zl-l.'-i
tl:c spatinlization of perception. would be described, at least locally in
the landscape, by the hierarchical unfolding of the singularities: fold, Rio
mann-Hugeniot, and butterfly. ot i Ao

3.6. ‘Pel"cepgmn of the visual space, A good geometrical model of visual color
pereeption as actually available % Probably, this model can be applied to the
auditive sound perception. However, ustil now, no relevant model of 4he

erception of the visual space V has been set up, Previous maodels (l.nur-lm‘r :
f?élf;k, Hardy, Balsev, Leibovie, W) do nat sufficiently fic c,\'p:-rinu-nltill

Lo Build an appropriate model of this perception, it does nat seem
very Judiclous to give too great importance to the effects of some visul
expanments, syell known as geometrical illusions. These (B )c-;iml'nw "‘-
always dene in an impoverished visval context - points .an(l.lgm'-; on ; ul:nln.
formly colored background so that the retina does not worl in the nsual :'-uu I|:
tions of a wvery rich environmene. It is chus possible to explain this vi c\ul
Hlusions, by appealing to hydrodynamical models, characterized by the nw-w? nce
of sllqc‘k'.mvcs along which the perception of these illusions is ().I""'ll{ig“(l- |
I'he problem has to be taken rather ex abrupto. l’)h\-'iuu.-;l:-. the visual
space V is a topological space which is open, compact, simply connected ‘-m. i
contractible. Naturally, we want to put a metric on V, Let us first rem: ;
that this metric may change from one subject to another, on the one |l1|'.|‘lll\i
according to the state vision of the subjece, on the other ’Imml 'm'm'.lin: |:
his nenro-psychological state. Epileptics, for instance, can see the ol o ‘ll
nearer and larger than they are in reality; for schizophrenics, the i-°;":" .
sltuation occurs % At last, this metric depends on climatic and illumin l!;v~
conditions; however V remains invariant within limits of variati g
these conditions that we shall ignore. il T oy
~ We shall suppose that, for a given normal subject, the angle 0 (ane
minute on average) under which the discrimination betyween two closed miur
can be done, remains constant: by an aproximation of Thales “)-‘.m‘l"" m'
the divection §, tgd - 3%, For sach individual i, at time ¢, there must exist

|
teal cosllicients a i, 1) i i r i i
m."‘ 8 I! ulxl-. a, (i, L}, ol U (i, t) (v, b, p, respectively for vertical, horis
Al depth) so that Vis endowed with the metric:

00 = 2 (53] )

»
"
thin Is the Holmbolts — Stile metric.
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Distances x; are evaluated from the vanishing point O of the observer.
(0] ]l))l(ays an analogous role as the vertex of a cone. The cocfficients #; have
to be determined by experiment, As the effects of drugs show, we may sup-
pose that these coefficients can be moved on a Riemann-Hugoniot surface S
within a neighbourhood of the singular point of 5, for a subject without
any psychological trouble, :

4. ON INTERNOCEPTIVE PERCEPTION

We shall enly consider here upon the hypothetical mechanism of conscious
percepttion of actions, which is not very different from the perception of
proper thoughts, at least in its principle.,

We can associate with each individuoal or collective subject, a mental
space of representation, which is a fiber space. The basis of t(lis fiber space
iwan image of the subject's territerial, Le, a spatio-temporal domain on which
the subject has some influence, The fiter ¥, above each peint u of the basis,
15 a pluridimensional space of qualities. At each time t, the subject defines
a point fiw,t} on this fiber; fiu,t) represents the energetical interest of v’
where u' is the counter-image of u in the ordinary ambient space, The set
of points fiu,t) can be a surface, more generally a Riemaniann variety X,
on which the representative point of the subject, o, can move, under the
idluence of & kind of gravity ficld; generically, g, will reach an extremum
ol Y. We can suppose ¥, defined by the unfolding of a global potential, a
Lagrangian; the temporal evolution of the parameters defining X, can lead lo
the possibility of fast changes in the position of o,

The nervous metor space M receives an image X0 of Y. When the
cncrpy ol of, image of g, in M, reaches some threshold vidue, one or several
motor are put in action, M is a product of different elementary motor spaces,
amongst which is the motor space of vocal emissions, When some threshold
i reached which can set going the phonatory act, by coupling with the audi-
fve space, an activation of the interval auditive mechanism occurs, It s
then satd that we get conscious of onr action,

Any attentive hehaviour results in o Jlowering of pecceplion thresholds
of preceptive acts, which implics a local moditication of perceptive mechanis
me. he introduction of such modifications by means of pathways ol atten
ton whose existence s here postulated, necds a an expenditore of envigy
other words, mental or careful work tires the nervous syetem of the sndividual

a fuct some people might know.

5 CONCLUSTON

To these geometrical approaches of problems of pereeption, one mighd eponch
the absence, in genoral, of references o okl or e experiments, the e
quently hyvpathetical character of our very global constrae tions, whose vall
dity 1w not alwavs casy (o test. To these argaments, wo shall answer that
only  geometeical vison  has readly allowed  the wedvasecment of e
mution, the concept of  dmportant models o phyvsios oosmolopey, dloct
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magnetism and opties); therefore, it might nt_ﬂ‘l‘r: unreasonable to want
to introduce such a perspective in the study of lite events. We would also
like to stress how the geometrical procedure, by the simplicity and the
universality of itz language, makes easy a synthetic understanting of variouns
processes, apparently very different one from the other, and in the same
time emphasizes the significance of vague concepls, .

Geometrical explanation gives always rise to a feeling of evidence, Bul
there is no evidence without truth, Truth if of a geometrical essence,
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