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Von Uexkiill’s basic sensorimotor loop (Funktionskreis). Here is a summary

translation of the German terms:

Merkwelt the space of distinguishing marks. I will often say “space of cues”™;

Wirkwelt the space of actions of which the organism is capable. Merkwelt
and Wirkwelt together make up the Umwelt of the organism, a part of the
physical environment;

Merkorgan sensory organ, e.g., an eye spot;

Wirkorgan action organ, e.g., a muscle;

Objekt an object in the environment, it is an external observer’s term for the
Gegengefiige. that is the * counter structure™ that interacts with the loop;

Receptor this is the Merkmal-Triiger, the carrier of distinguishing marks;

Effektor this is the Wirkmal-Triiger the carrier of actions. The Merkmal-Triiger
and Wirkmal-Triger together make up the Gegengefiige;

Innenwelt des Subjektes is the “life world.” It is the inner counterpart of the
external objects.

Figures from von Uexklll’'s Theoretische Biologie, 1920

Explanation from Sentience, Koenderink
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Reflex agent

« Consider how the world IS

« Choose action based only on
current percept

« Do not consider the future
consequences of actions

Modified from Lana Lazebnik
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The New Loop
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" Innerwelt

Figures from von Uexkiull’'s Theoretische Biologie, 1920



" Innervelt

Predictive agent

« Consider how the world
WOULD BE

« Decisions based on
(hypothesized) consequences
of actions

« Must have a model of how the
world evolves in response to
actions

Modified from Lana Lazebnik



Vision is a creative process

“Perceptual organization”
cannot be primarily a
bottom-up process

as Marr saw it

Figure 3—1. 'The interpretation of some images involves more complex factors as

well as more straightforward visual skills. This image devised by R. C. James may
be one example. Such images are not considered here.

Figure from Marr



Proprioception

 Aristotle in "De Anima” listed 5 senses: sight, hearing,
touch, taste and smell.

« Bell (1826) proposed a sixth sense - the "muscular
sense”, which was renamed as “proprioception” by
Sherrington.

* Proprioception refers to the awareness of the position
or movement of the body or parts of the body relative
to each other

- Musculoskeletal system : sensors in muscles, tendons and
joints

- Vestibular system in the inner ear: semicircular canals &
otoliths

Slide from J. Malik



The sense of touch

« When the skin is contacted by Hairy skin Glabrous skin
an external stimulus, its [ ” '_
surface is indented or stretched Foidirmis
as the skin is flexible. Ul
Epidermal-dermal —
junction ,— Ruffini
« The mechanical deformation is Bare nerve ending — /| | ending
detected by mechanoreceptors Meissner corpuscle —|- Dermis
that signal location of contact, s
force exerted, motion speed, Hair receptor —| % =
and pressure = e
Pacinian corpuscle N, T eseeas ' EZ;‘VF;"ETA b
» Other receptors underneath the

skin sense warmth, cold, pain,
itching.






The connection between senses

a) Region of photosensitive cells b) Depressed/folded area allows
limited directional sensitivity

« Photoreceptor cells probably evolved
multiple times from molecularly similar ..
chemoreceptor cells. B e

i " LI g h t SW i tCh . th eO ry Of An d reW Pa rke r : ¢) *Pinhole” eye allows finer directiona d) Transparent humor develops
the evolution of advanced eyes started a

“arm race” that accelerated evolution
during the Cambrian period. -

« The brain machinery to process vision L
bears remarkable similarities to the one
used by other sensors. |

Evolution of the eye in vertebrates. Source: Wikipedia



The somatosensory cortex

Primary motor cortex Primary sensory cortex
(precentral gyrus) (postcentral gyrus)

Somatic motor association area
(premotor cortex)

Somatic sensory association area

Prefrontal cortex

Visual association
area

Broca's area
(production of speech)

Visual cortex
Auditory association area

. Wernicke's area
Auditory cortex (understand speech)

From https://human-memory.net/primary-somatosensory-cortex/



Could a Neuroscientist Understand a Microprocessor?
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Abstract

There is a popular belief in neuroscience that we are primarily data limited, and that
producing large, multimodal, and complex datasets will, with the help of advanced data
analysis algorithms, lead to fundamental insights into the way the brain processes
information. These datasets do not yet exist, and if they did we would have no way of
evaluating whether or not the algorithmically-generated insights were sufficient or even
correct. To address this, here we take a classical microprocessor as a model organism,
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