oo Noamams s o 0 kbl of
T Bra
Cied § astoons
&7;7 K. Iz

M.AT



b

”Iu. e 5/40\(0_" ﬂ: 7c (les cr/(;z'r/m‘n
f:a.—rrfoo&c oy ha /a.vtaZ:MMe_—ﬂo.fm CWQOC
/8 hesgage e, T inﬁv—mcfc‘m  Jhwe e
clijknd@/ Sﬁ/u/{té Z(vc.ﬁ/s 57{ v/ M_gj?e_.----.-.
Cleds o bocts t% /A (afqﬁ‘fﬁ‘w() MJJ‘7€
tod Ao be sgedl 1 ndeed V- /C
veJewed T & < fﬂwfp,v}' 71/4, ,4&772}’7&
/«,&% zt.r&eﬂa &VW ond 4% /A raxévaf
horuvls M)’A ffaa., j&re M/{&(af 7@!275
ek % stk /(rmw/
hubpes . T %, Torcfee focfeclly Mo fle
Uk ot (Shhohal) relidenslfo feorm
Suck hoina of - fubom Ao b inflrmaton

ARITHMETIC § LogichL DEPTH : %EC'SIM

vs.
1_0 &RICHL BRE#D TH



-

T’;‘E‘ Lﬂ'ﬂ‘Gui}GE OrF Tue Bran NoT 4 [AnGUAGE

0F HAaTHEHMATICS

£ L\/L Aa_wz IO acWJ/é«( .S'n.%-ww// evidena

-ﬁ See M “f{d&vw w /&(en{éo(
i o C—[MB—O{LMZCo[

agvvite Je9shwm G sz’ 7

5 el end  orelmafeced daf B
Iy v s ladicid daf
ét% L(fﬂf we &re hurv\ ‘kqeoz —5. e

" Thaws Zoj/n‘cs @wo/ ?nc/hmc/écf o A

Ca,./{ru{ v eud JJJ/Qm) L/&» ‘?Mo‘i{‘%
&0 [ es /nru-of JA;MLH e eJs :
GA%ZMX o (wf zénrﬁod,

gty Comeman ex /ey{a;.,c,e, ¥y



Possible Conceptual and Mathematical Frameworks for Layered Architectures

SN
X

Section 3

What the Frog's Eye Tells the Frog's Brain

J.Y. Lettvin, H.R. Maturanat, W.S. McCulloch I, and W.H. Pitts

Research Laboratory for Electronics
MIT

Proc. Inst. of Radio Engr., 1959.
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The vision system of the frog needs to be studied with
the motor system in an integrated way.

Main objective: Survival

The frog does not seem to see, or at any rate, Is not
concerned with the detail of stationary parts of the world
around him. He will starve to death surrounded by food
if it is not moving. His choice of food is determined by
size and movement.
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Fig. 1. (a) This is a diagram of the frog retina done by Ramon y Cajal over 50
years ago. The rods and cones are the group of elements in the upper left quarter
of the picture. To their bushy bottom ends are connected the bipolar cells of the
intermediate layer, for example, f, g, and h. Lateral connecting neurons, called
horizontal and amacrine cells, also occur in this layer, for example, 7, 7 and m.
The bipolars send their axons down to arborize in the inner plexiform layer, roughly
the region bounded by cell m above and the bodies of the ganglion cells, o, p and
q, below. In this sketch, Ramon has the axons of the bipolar cells emitting bushes

at all levels in the plexiform layer; in fact, many of them branch at only one or
two levels.

Compare the dendrites of the different ganglion cells. Not only do they spread
out at different levels in the plexiform layer, but the patterns of branching are
different. Other ganglion cells, not shown here, have multiple arbors spreading
out like a plane tree at two or three levels. If the terminals of the bipolar cells
are systematically arranged in depth, making a laminar operational map of the
rods and cones in terms of very local contrast, color, ON, OFF, etc., then the
different shapes of the ganglion cells would correspond to different combinations
of the local operations done by the bipolars. Thus would arise the more complex
operations of the ganglion cells as described in the text.
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(b) This is Ramon y Cajal’s diagram of the total decussation or crossing of the optic
nerve fibers in the frog. He made this picture to explain the value of the crossing
as preserving continuity in the map of the visual world. O is the optic nerve and C
is the superior colliculus or optic tectum (the names are synonymous). (c) This
is Ariens—Kapper's picture of the cross section of the brain of a frog through the
colliculus, which is the upper or dorsal part above the enclosed space. (d) This is
Pedro Ramon Cajal’s diagram of the nervous organization of the tectum of a frog.
The terminal bushes of the optic nerve fibers are labelled a, b, and ¢. A, B, C, D
and E are tectal cells receiving from the optic nerve fibers. Note that the axons of
these cells come off the dendrites in stratum 7, which we call the palisade layer.
The endings discussed in this paper lie between the surface and that stratum.
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Detectors

Let us compress all of these findings in the following description.
Consider that we have four fibers, one from each group, which are
concentric in their receptive fields.

Suppose that an object is moved about in this concentric array:
(1) The contrast detector tells, in the smallest area of all, of the

presence of a sharp boundary, moving or still, with much or little
contrast.
(2) The convexity detector informs us in a somewhat larger area

whether or not the object has a curved boundary, if it is darker
than the background and moving on it; it remembers the object
when it has stopped, providing the boundary lies totally within
that area and is sharp; it shows most activity if the enclosed object
moves intermittently with respect to a background. The memory

of the object is abolished if a shadow obscures the object for a
moment.
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(3) The moving-edge detector tells whether or not there is a moving
boundary in a yet larger area within the field.

(4) The dimming detector tells us how much dimming occurs in the

largest area, weighted by distance from the center and by how fast
It happens.

All of the operations are independent of general illumination. There
are 30 times as many of the first two detectors as of the last two,
and the sensitivity to sharpness of edge or increments of movement
In the first two is also higher than in the last two.
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Conclusions

What are the consequences of this work? Fundamentally,
it shows that the eye speaks to the brain in a language
already highly organized and interpreted, instead of
transmitting some more or less accurate copy of the
distribution of light on the receptors. As a crude analogy,
suppose that we have a man watching the clouds and
reporting them to a weather station. If he is using a
code, and one can see his portion of the sky too, then it
Is not difficult to find out what he is saying.
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Section 4

Hierarchical Image Segmentation

. 2z
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Problem of curve inference from a brightness image is a difficult

task since brightness data provides only uncertain and ambiguous
information about curve location.
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Figure 2. Hierarchy of edge representations for image segmentation. At the highest level the data is represented as a white triangle floating on
top of three black disks {Kanizsa, 1979).
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Need to use global information.
Singularities

See later section for Stratified Manifolds.
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