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THE INFORMATION, what is it?
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Neuron and other Cells basic characteristics

1. There is a membrane. Internal/External ion density is different

2. On the membrane there are channels. If a channel opens
(for any reason), the density difference provoke migration of ions,
migration provoke difference of potential.

3. The Opening and closing of channels depends on Potential
Difference between inside/outside of cell. When potential rise
too much, a channel can close, and some other may open. A steep
Spike of potential is generated (action potential).

4. There is a (refractory period), after a Spike the cell
cannot do anything else, but rest.
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THE TONGUE: the TASTE sense  (EkE. &H <)
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The Sweet Receptor function:

Each receptor contains 2 subunits designated T1R2 and
T1R3 and is coupled to G proteins.

The complex of G proteins has been named gustducin
because of its similarity in structure and action to the
transducin that plays such an essential role in rod
vision.

Activation of gustducin triggers a cascade of intracellular
reactions:

- activation of adenylyl cyclase
- formation of cyclic AMP (cAMP)

- the closing of K+ channels that leads to
depolarization of the cell.

Emission of a electric discharge signal
This signal is called SPIKE



Papilla on tongue
with tastebuds on
lateral borders

Sensory nerve fibers

Examples of some human thresholds

Taste Substance Threshold for tasting
Salty NaCl 00 M

Sour HCI 0.0009 M
Sweet Sucrose 001 M

Bitter Quinine 0.000008 M

Umami Glutamate 0.0007 M




SPIKE signal is
transmitted

Taste directly to the
BRAIN

Basic Neuron Design
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First Neuron Model

1907 by
Lapicque

from Q=CV



Hodgkin-Huxley Model (1952)
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Hodgkin-Huxley Model (1952)

J. Physiol. Vol 117 500-540, 1952 by A.L. Hodgkin and A.F. Huxley. ]

Based on Giant Squid experiments
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We see that the equilibrium m and n increase with u whereas h
decreases. Thus, if some external input causes the membrane
voltage to rise, the conductance of sodium channels increases
due to increasing m. As a result, positive sodium ions flow into
the cell and raise the membrane potential even further. If this
positive feedback is large enough, an action potential is

initiated.
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At high values of u the sodium conductance is shut off due to the factor
h. As indicated the "time constant' is always larger than . Thus the
variable h which closes the channels reacts more slowly to the voltage
increase than the variable m which opens the channel. On a similar slow
time scale, the potassium (K+) current sets in. Since it is a current in
outward direction, it lowers the potential. The overall effect of the
sodium and potassium currents is a short action potential followed by a
negative overshoot; The amplitude of the spike is about 100 mV
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Auto-oscillation is possible
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The Hodgkin-Huxley equations may also be studied for constant
input I(t) = 10 for t > 0. (The input is zero for t 0). If the value 10 is
larger than a critical value I 6A/cm2, we observe regular spiking;
We may define a firing rate = 1/T where T is the inter-spike
interval. The firing rate as a function of the constant input 10
defines the gain function plotted.



THE SKIN: the TOUCH sense (%)

o\TYy
&
0O
A ) L&



THE SKIN: the TOUCH sense (%)
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A mechanical deformation of the sensory dendrite causes a
depolarization to occur within the dendrite. This dendrite is at the
tip of a unipolar neuron; The sensory dendrite is embedded within
the sensor corpuscle. Any depolarization that is large enough in the
dendrite itself will cause an action potential to be generated at the
trigger zone. This action potential will run all the way down the
axon and reach the brain.
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Responds to hair
displacement.

Wraps around hair
follicle in, of course,
hairy skin.
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Wave equation ¢° x k

Wave function
X=-—sin(w f)

pulsation w:\/%:(ZTr f)

{ Frequency depends on material “m” and “k”



Free nerve endings

Different types of free
nerve endings that
respond to mechanical,
thermal or noxious
stimulation.
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TORSION

OMCL-AC160EN series

Rectangular cantilevers with thin tetrahedral tips

Tip location: Just on end of cantilever
HORIZONTAL BEND e

Chip size of silicon cantilever
One cantilever is extended from
side edge of each chip

1.6

L=160

Fe|

3.4
=
L B OMCL-AC160TS- \\F .
unit: pm unit; me

derecton of the scan



Operational Modes: CONTACT-MODE

Force
[
| ]

Tip is in hard contact
with the surface;

repulsive regime Tip s far from the

surface; no deflection

&

"\\ Tip is pulled toward the

surface - attractive regime

Probe Distance from Sample (z distance)

— T T




F=-K'D -= force
k= force constant
= Deflection distance

L=1mm
Az=Tnm

a:arctan(Af)

Lsin(alfa)=Az

Rsin (2 alfa)=A x
AX_o R
AZ L




Operational Modes: VIBRATING-MODES

Sy
\ \l - Phase Changes

- Amplitude Changes
WW Driving Signal WM p g
Wb AFM Sensor Signal WV\}

White Region Yellow Region




Equation 4-3: @ —m; =, % &  Force constant
. Resonance frequency

®  New resonance frequency
dF I~ Force on probe
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The cantilever vibration Physics:
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How to measure the cantilever Force:
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THE NOSE: the OLFACTORY sense (IRE. Zwp H5HM <)
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olfactory organ on
roof of nose ; nerve fibres

oof of mouth  air currents filmof moisture  sensory cells

magnification of part of
olfactory organ



The olfactory sensors are located in yellow pigmented areas on each
side of the inner nose. These areas are about 2.5 cm® in area each,
and contain chemoreceptors, which are nerve cells responding to
certain chemicals that are carried to the sensors as gases. The
detailed functioning of these cells does not appear to be known.



The glomeruli, each receiving signals from some 26 000 receptors.
The olfactory bulbs on either side are cross-connected. Finally
nerve fibres reach the olfactory areas in the anterior lobes of the
brain.



- The olfactory sense is some
10000 times as sensitive as
taste, and is  primarily
responsible for the flavours of
food.

- The types of olfactory
sensations are 6:

, tlowery, resinous, spicy,
foul (rotten), and burned.
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Signal from Mitral Cells
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Polymers complex structure







THE ELECTRONIC NOSE SMELLS SOMETHING

Each polymer changes its size, and therefore its resistance, by a different amount, making
a pattern of the change

If a different compound had caused the air to change, the pattern of the polymer
films' change would have been different:

ACETONE BENZENE CHLOROFORM
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THE EAR: the HEARING sense (J&&E. B x 5H <)
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The sound it is a PRESSURE WAVE
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The sound it is a PRESSURE WAVE

RS DES f=Frequency
N | A=Wavelength
P(t) P(t)=P ,sin(w t+ k x)
w=2m/t=21f
q k=2 1/A
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The sound SPECTRUM
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The FOURIER trasformation
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Eustachian tube
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Outer Ear

- the “Pinna” is not frequency flat.
Different frequencies are detected at
different intensities.

Pinna

oul
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Cross section of cochlea
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400 Hz

cochlear duct
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Sound-induced vibration
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The semicircular canals detect angular acceleration. There
are 3 canals, corresponding to the three dimensions in which
you move, so that each canal detects motion in a single
plane. Each canal is set up as shown below, as a continuous
endolymph-filled hoop. The actual hair cells sit in a small
swelling at the base called the ampula.

medial rectus

lateral rectus

-
endolymph

ampulla

N\

"'ﬁjj:

horzontal semicircular
canals




L.ocalization of sound

The ability to estimate just where a sound is coming from, sound localization, is dependent on
hearing ability of each of the two ears, and the exact quality of the sound. Since each ear lies on
an opposite side of the head, a sound will reach the closest ear first, and its amplitude will be
larger in that ear.

The shape of the pinna (outer ear) and of the head itself result in frequency-dependent variation
in the amount of attenuation that a sound receives as it travels from the sound source to the ear.
Furthermore, this variation depends not only on the azimuthal angle of the source, but also on
its elevation. This variation is described as the head-related transfer function, or HRTF. As a
result, humans can locate sound both in azimuth and altitude. Most of the brain's ability to
localize sound depends on interaural (between ears) intensity differences and interaural
temporal, or phase, differences. In addition, humans can also estimate the distance that a sound
comes from, based primarily on how reflections in the environment modify the sound, for
example, as in room reverberation.

Human echolocation is a technique used by some blind humans to navigate within their
environment by listening for echoes of clicking or tapping sounds that they emit.




LOCALIZATION

- Phase Difference {1
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Head-Helated Transfer Functions (HRTFs)

Frequency Domain: Magnitude
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Condenser microphones

Ciaphragm
Sound =
YWaves wip —_—
Audio Signal
Cutput
Audio Signal
Sound e
Yiagves =
Front Flate Back Flate Battery
[Diaphragmj
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Condenser microphones have a flatter
frequency response than dynamics



Signal

Mg — 2V
—/

Sound

in —L_ Battery

— to bias

— plates
=

Condenser

g=cv- 2(Area of plate)(voltage)

{plate spacing)

Advantages:

Best overall frequency
response makes this the
microphone of choice for
many recording
applications.

Disadvantages:
Expensive

May pop and crack when
close miked

Requires a battery or
external power supply to
bias the plates.



Dynamic microphones (Electromagnetic Microphones)

Cross-Section of Dynamic Microphone

Wires carming
electrical

iudiﬂ signal Dynamics do not usually have the

same flat frequency response as
coull Magnet condensers. Instead they tend to
au .
Waves =» have tailored frequency responses

Col for particular applications.

Diaphragm

However they have a good
Dynamic response.

B copright s, 12 BBaldwin ;a3 —1=]x]

Dlaphram Magn\let

/ Moving cail Voice Coil I A
N e
/ Audio Out

Z Permanent Magnet

diaphram

f Electrical Signal Dynamic Microphone

Sound Pressure Waves
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LASER microphone (Spy Microphone)
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LASER microphone (Spy Microphone)
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The sound system, a summary: documentary




THE VISION, What is light ?
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Fig. 26-2. A light ray is refracted
when it passes from one medium into
another.

Fig. 26—-1. The angle of incidence is
equal to the angle of reflection.



Table 26-1

Angle in air Angle in water

10° 8°
20° 15-1/2°
30° 22-1/2°
| 40° 29°
50° 35°
i@ l 60° 40-1/2°
70° 45-1/2°
80° 50°

140 A.D., Claudius Ptolemy



Table 26-2

Angle in air Angle in water

10° 7-1/2° sin 8; = nsin 6,.
20° 15°

30° 2

40° 29°

50° 35°

60° 40-1/2° J

70° 45° |
o By

Snell law (1621)



Principle of Fermat (1650, Snell+29 years!)

72 1)< v MERA]

Out of all possible paths, light
takes the path which requires
the less time

Cc

n=
V?‘Iﬁ@l E— K -
c= 300.000Km/sec N
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Snell Law mEC=mXF |
(1650) = | m XCsin(0)=n,XCsin(0,)

n,sin(0 )=n,sin(0,)



TO APPARENT SUN

X
L

LIGHT PATH
ATMOSPHERE .2~ .

¥
o
TO TRUE

\ SUN >
EARTH

Fig. 26—7. Near the horizon, the ap-
parent sun is higher than the true sun by
about 1/2 degree.

i\ LIGiT_w

HOT ROAD OR SAND

Fig. 26-8. A mirage.
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12 2006 Encyclopzaedia Britannica, Inc.



| E(r,t) = Eqcos(wt — k-1 + ¢g)
| B(r,t) = Bycos(wt — k- T + ¢)

&

E(t) - - BiRB: f=1h

.T
)\é:.-'"-.a.-

& 2008 Encyclopaedia Britannica, Ine.

The Electromagnetic Spectrum
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THE VISION, How does it work ?
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Susp’énsory l
| ligament

Vitreous|

Fig. 35-1.

Blind
Spot !

‘ humor

#--Optic nerve

Ciliary
muscle

Macula lutea

The eye.

Neurons

Fig. 35—2. The structure of the retina.
(Light enters from below.)
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Relative Sensitivity
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This diagram is based on the
values of r, g, and b (where r
= R/(R+G+B), g = G/
(R+G+B), and b = B/
(R+G+B)). Furthermore,
because r + g + b = 1, if two
values are known, the third
can always be calculated and
the b value is usually

) 0.2 (0.2 0.6 0.5 1.0 | omitted. The r and g values

together constitute the
chromaticity of a sample.




4000 5000 6000 7000
A(A)

Fig. 35-8. The spectral sensitivity
curves of a normal trichromat’s receptors.

Double Denstty Double D
~0-03

002

002
001
00l

500 mp 550 600 650

Fig. 35-10. Absorption spectrum of
the color pigment of a protanope color-
blind eye (squares) and a normal eye

(dots).



Neural Responses

o+
I

Photochemical Absorptions

Fig. 36—-1. When a disc like the
above is spun, colors appear in only one
of the two darker “rings.” If the spin

r-g *kylaty-26) direction is reversed, the colors appear
w-bk =ky(atytB)-kletBty)  in the other ring.

y-b =k, (B+y-2a)

Fig. 36-2. Nevural connections ac-
cording fo an “opponent” theory of
color vision.



Are we pre-wired, or we learn ?!?

Temporal

Fig. 36—4. The neural connections
Fige 363, The neual interconnec: from the eyes to the visual cortex.
tions for the mechanical operation of
the eyes.
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Electron micrograph

Fig. 36-5.
rod cell.
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Fig. 36—6. The structure of refinene.
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A A

Fig. 36—8. Schematic view of pack-
ing of ommatidia in the eye of a bee.

r=3mm
A=400nm

5m 8

Fig. 36—9. The optimum size for an
ommatidium is §m.

Fig. 36—7. The structure of an om-
matidium (a single cell of a compound d(ﬂﬂg _l_ ﬂﬂd) = () = _:_[_, - _}\
3
ovel. ds r 5



Fig. 36—-11. The compound eye of the horseshoe crab. (a) Normal view. (b)Cross section.
Figures 36-7, 11,12, 13 reprinted with permission from Goldsmith, Sensory Communications, W. A. Rosenblith, ed. Copyright 1961, Massachusetts Institute of Technology.
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Fig. 36-13. The net response of
horseshoe crab ommatidia near a sharp
change in illumination.



Types of response in optic nerve fibers of a frog

Type Speed Angular
field
1. Sustained edge detection (nonerasable) 0.2-0.5 m/sec 1°
2. Convex edge detection (erasable) 0.5 m/sec 2°-3°
3. Changing contrast detectlon o | 1-2 m/sec 7°-10°

4. Dimming detection Up to 3 m/sec Up to 15°

? Very large

&=
L i

2 B%,

5. Darkness detection

=

oY

S

Fig. 36-14. The tectum of a frog.
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Is a chess machine “intelligent” ?

- The artificial Intelligence Boom: (~1970)
- The Turing Machine

THON W

L.ondon 1912-1954



A Turing Machine read and write on a
paper tape accordingly to a set of rules.
Information on the tape are instructions
or results.

Turing demonstrated mathematically that
with an infinite tape such machine could

be programmed to perform any definable
operation.

L/ /8

L

Turing
Machine

Tape with
data




Turing ask himself if a Machine can be
intelligent.

He defined the Turing Test:




New round of Turing test fails to crown a
winner

vy Donald Melanson, posted Oct 13th 2008 at 1:59FM

While some folks are considering taking the Turing test one step further and applying it to military
robots, a group of researchers in the UK led by none other than would-be cyborg Kevin Warwick are
daoing their best to keep things as Turing intended and simply trying to fool some humans into thinking
that the robot they're taking to is actually a person. Fortunately for us on the human side of the
equation, they weren't quite successful, though one "robot" known as Elbot did get relatively close to
the goal, fooling 25% of its human interrogators, which is just 5% off the mark set by Alan Turing. Each
of the four other "artificial conversational entities" also managed to fool at least one of their questioners,
though they eventually showed their true colors with random answers like "soup” when pressed as to
what their job was.

.turinghub.com/

.//testing

http
www.fil.ion.ucl.ac.uk/~asaygin/tt/ttest.html



Does Turing Test define an “Intelligent” Machine ?
The Chinese Room Experiment.

I'm just manipulating squiggles and -

squoggles to produce Chinese language j‘& ﬁ‘i Pl f'Jn"i #'5' /& 'f"]
behavior, But I dont understand . ﬂ’.ﬁ - i
Chinese. This rule book is in English, TN S R R

e Sy, [Wheever or whatever is in that reom
15 an intelligent Chinese speakser!]

NO! And the digital computer is a Chinese Room!

John Searle
1980



Brain is Auto-associative
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There is no square here.
We see a square, because brain “knows” a square and
auto-associate the image to the pattern






Why we dont understand the
Brain yet ?
* We do not have a “paradigm”
* Roads and Aliens example




The neocortex is in 6 layers

Lots of Axons, few neurons
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Some Motor, Sensory, and Association Areas of the Cerebral Cortex

Central sulous Sensory areas involved with
cutaneous and other senses

Using words, understanding speech

Mator areas involved with the

control of volountary muscles.
Parietal lobe

Concentration,
planning,
problem solving General interpretive area
Motor writing center
Occipital Lobe

Frontal eye field
Combining visual images,

Frontal lobe visual recognition
of objects

Broca's Area

Lateral sulcus Visual area

Auditory area Cerebellum

Interpretation of sensory
experiences, memory of visual

and auditory patterns Brain Stem

Temporal lobe



What a neuron does ?
It emit a “spike”, depending on input signals
arriving at the synapses.
« After 5 msec, it reset itself (200Hz).

* More signal to synapses, more easy to spike
(Hebbian Learning).
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Input
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Prediction
Classification




Vernon Mountcastle idea (1978)

e Brain is uniform

 Different area perform same
operation

* There is a common algorithm

e Animal experiments confirm
Mountcaste ideas.




The “Temporal Patterns”

Vision, Audio, Smell, Taste, Touch... all are
“streams” of spikes from neurons.

There “streams” come from sensory districts
in the brain

The “streams” are kind of patterns in space
and time.

Vision too is a stream of spikes, as well as
sound and all the other senses.



Brain is a pattern machine

* Brain use memory to solve
problems.

« Example of “catch ball”,
computer can perform a
simple catchball like a
child can.




The “invariant” representation

 Brain has a way to memorize
things “invariantly” from details.

* We can recognize a dog from a
cat from any angle or any
position.

* Computers cannot !




The hierarchy

 Brain use a hierarchy to store informations.

 We remember and do things in sequence.

4 Visual regions in the brain

Each box is divided in the 6

laxrare
Idyt1s.

V4

V2

<
-

Iy

LV

v

The 6 cortex layers

—>D|p >

~—column
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A global scale hierarchy
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Sequences of sequences

 Brain create hierarchical sequences of
sequences.

invariant prediction
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Brain is a “prediction” machine

Sequences are stored in synaptic strength

Once a new sequence arrive, it is compared
and if it is known it activate the “invariant”
circuits

If the new sequence is not known, it will
signal it to higher hierarchical levels.

Many examples in everyday life



Vernon Mountcastle idea (1978)

e Brain is uniform

 Different area perform same
operation

* There is a common algorithm

e Animal experiments confirm
Mountcaste ideas.




The “Temporal Patterns”

Vision, Audio, Smell, Taste, Touch... all are
“streams” of spikes from neurons.

There “streams” come from sensory districts
in the brain

The “streams” are kind of patterns in space
and time.

Vision too is a stream of spikes, as well as
sound and all the other senses.



Brain is a pattern machine

* Brain use memory to solve
problems.

« Example of “catch ball”,
computer can perform a
simple catchball like a
child can.




The “invariant” representation

 Brain has a way to memorize
things “invariantly” from details.

* We can recognize a dog from a
cat from any angle or any
position.

* Computers cannot !




The hierarchy

 Brain use a hierarchy to store informations.

 We remember and do things in sequence.
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Sequences of sequences

 Brain create hierarchical sequences of
sequences.

invariant prediction
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Brain is a “prediction” machine

Sequences are stored in synaptic strength

Once a new sequence arrive, it is compared
and if it is known it activate the “invariant”
circuits

If the new sequence is not known, it will
signal it to higher hierarchical levels.

Many examples in everyday life



The “BRAIN”
characteristics

Brain is uniform (same algorithm)

Temporal patterns (sequence of SPIKES, like
MUusic)

Hebbian-Learning (repeat strengthen the network )
Invariant abilities (holistic memory, like holograms)
Hierarchy structure (sequence of sequences)

Brain is a “prediction” machine (new=interesting,
known=boring ==> Derivative, Fourier)



Brain is a simple machine!

 If we understand the principles we can make
actually brain-like machines.

* The neocortex stores sequences of patterns.
* The neocortex recalls patterns auto-associatively.
¢ The neocortex stores patterns in an invariant form.

e The neocortex stores patterns in a hierarchy.

On Intelligence, Jeff Hawkins (2004)



The future of intelligence

 Capacity: Brain has no problems with
errors. We loose 1000 neurons per
day, but we make no mistakes.

« Connectivity: the brain is so
interconnected. It looks impossible to
make a machine such completely
interconnected. However the
telephone system is just the same!




Inconceivable applications

Vision

Security

Weather

Speech

Smart cars

Unimaginable global-scale applications



Great

. Stuck !
1mprovement

» Silicon chip  Batteries
 Hard disk  Motors

* DNA sequencing * Robots
 Fiber optics
« Software



Brain-like computers future

Speed (compare 200Hz with.... GHz !)

Capacity (more than 6 layers, more space,
more Sensors)

Replicability (humans take years to learn
walking or speaking...)

Sensing system: sonar, radar, infrared...
(brains can work with pattern of any kind of
physical stimuli, on a global scale too)



How long it will take?

« Compare with cell phones or the internet.

 Usually research stays still for years, then
explodes.

o If we break the brain algorithm we will
progress like never mankind did before.



Why we dont understand the
Brain yet ?
* We do not have a “paradigm”
* Roads and Aliens example




We study the Brain by tests

We study the brain by Illusions ($8 5. K EDEIELY)






Edward H. Adelson

The squares marked A and B are the same shade of gray.
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