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* Molecular and cellular neurobiology
* Animal behaviour

* electrophysiology

* neuroprosthetics

* microscopy

« EEG/EMG
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RAIN RESEARCH

THROUGH ADVANCING

Q}P} Human Brain Project INITIATIVE NOVATIVE

EUROTECHNOLOGIES

« ~€ 3 billion e ~€4,5billion
e 2013-2023 e 2013-2023
e 112 institutions

e 24 countries



1988-2003
$ 3,8 billion invested

$ 796 billion income in 11 years

$141 for every $1 invested

http://www.whitehouse.gov/share/brain-initiative



What's in the brain?

https://med.uth.edu/ibp/education/crb/innovative-program-technology/

http://www.nicabm.com/brain-2012-new/
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GasNets

» class of artificial neural networks (ANNSs)

» incorporates an abstract model of a gaseous diffusing neuromodulator into a
more standard ANN?

Nitric Oxide: NO

IHusbands, Phil, Smith, Tom, Jakobi, Nick and O'Shea, Michael (1998) Better Living Through Chemistry: Evolving
GasNets for Robot Control. Connection Science, 10 (3-4). pp. 185-210. ISSN 09540091
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http://sro.sussex.ac.uk/18084/
http://sro.sussex.ac.uk/18084/

Why NO?

Molecular formula NO
Structural formula N=0

Molecular models

'S Ball-and-stick

plasmavet.com

» Breakthrough of the year (1992) - Science

» Nobel Prize (Ignarro & Murad, 1998) “for their discoveries concerning nitric oxide as
a signalling molecule in the cardiovascular system”

» intercellular signalling molecule in the nervous system (Garthwaite et al., 1988)

17



Why NO?

MNeurotransmitter

Meurotransmitter

transporter
Synaptic \f” & | Avon
vesicle B> \ terminal

..

“oltage-
gated Ca™"
W o
channel u . s ! Synaptic
Paostsynaptic ﬁ R Receptor =il
density — 7 } Dendrite

wikipedia.org

https://med.uth.edu/ibp/education/crb/innovative-program-technology/

» very small and nonpolar molecule, capable of spreading away from a site of synthesis
regardless of intervening cellular or membrane structures

» The whole surface of the neuron is a potential release site for NO

NO modulation is not necessarily confined to the immediate postsynaptic neuron:
gaseous diffusion
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GasNet models

Original

Plexus

Receptor

NSGasNet
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Classical ANN x GasNet Models

Neu{o_n 1

~4 oS
Neuran 4 Newon &

radius of emission from node 4

S = sensory input — . excitatory

N R S = inhibitor
Input layer Hidden layer  Output layer _> motor OUIPUl bita Y

J. Insect Sci. (2010)



Original GasNet Model
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Original Model

B =&+ @ ﬁ@
iy

e X T(8),d < r
Cld,t) =

0, else
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Original Model

¢~ 2417 ><cz’ <r

C(d,t) = —

0, clse

=] (f_f") : emitting

H[H (%) — H(=%)], not emitting

t, : time at which emission was last turned on
t. : time at which emission was last turned off
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Original Model

(f — ) ; emitting

H f—f—- |, not emitting

(0, x <0

xy, 0 <x <1

1, else
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Original Model

C(d, ) = T(#) =

0, else

¢34/ x T(#),d <7 { H(f_f“), emitting

H[H (%) — H(*%)], not emitting
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Gas diffusion profile

Concentration (uM)
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Plexus Model

Plexus: an intricate network or web-like formation

27



Original X Plexus
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Plexus Model

Gas dispersion NOT centred on the node

(D)% T(2),d < r

0, else

Cld,t) = X

\

(0.5)x T(1),d < r
C(d,t)

0, else
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Original
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Receptor Model
Site specific modulations

e ) T(8),d < r
Cld,t) =

0, else

AA/[;? — pz. Cij R;: specific receptor quantity

Action of receptorl: Increase gain of node transfer function as in original GasNet.
Action of receptor2: Decrease gain of node transfer function as in original GasNet.

Action of receptor3: Increase proporton of retained node activation from last time step

Action of receptor4: If above a threshold, switch transfer function of node

31



New GasNet model NSGasNet Model

Nodes do NOT necessarily have a spatial relation

Original

XU X T(8),d < r
Cld,t) =

0, else
NSGasNet

C(t) = Mbias < T(t)

Mbias [0,1]: Modulator bias
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GasNets

radius of emission from node 4

S =, sensory input

m
—= motor output

Vi Vi n—1 7
O/ = tanh [@. (Zwﬂ-oj + I

jL’C/

. excitatory

...... = inhibitory

)

Original

2T X T(¢),d < r

C(d,t) =

0, else
Plexus

0.5x T(t),d <r

C(d,t) =

0, else

Receptor

AM! = p,C/R,

NSGasNet
C(t) = Mbias x T(t)
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Performance Comparison

Original Plexus Receptor
Mo. of runs 40 40 40
Mo. of generations
Mean (s.d.) 3,042 (3,681) 1,579 (2,609) B2 (102)
Median 1201 512 47
Best 136 101 13
Worst =10,000 = 10,000 512
Pattern Eleven-Seven Eleven-Five Ten-Four Seven-Five
Original
Mean/n 23310/21 15048/21 20085/20 33218/22
(Std) Median  (29123) 12200  (15343) 7600 (23924) 7350  (31001) 15500
NSGasNet
Mean/n 11231/36 15691/34 11845/31 9252/34
(Std) Median (18209) 3050 (22105) 6050 (16395) 4000 (15523) 3200

GasNets lead to good solutions faster!
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Evolving ANNSs

l. MLPs
. Topology and weights
Il. Example: Evolving (training) MLPs to learn some functions




Evolving ANNSs

GasNet models

l. Topology + all network parameters + task dependent parameters

< genotype >:: (< gene >)*

< gene >u< x >< Yy >< Ry >< O, >< B9, >< Ry, >< Oy, >< Ogpy, > 0885, >< VIS, >< visy >
< Visypy >< rec >< TE >< CE >< s >< R, >< index® >< bias >

<Ol >< 28 ><46 >< T3 >< 28 >< 18 ><h3 >< 22 >< 74 >< 76 >< 76 ><< 84 >< 24 >
<62>< 16 >< 1 >< 7 >< 86 >< 38 >< 8]l >< 63 ><H0 >< 87 >< 0 >< b3 ><hb >
<90 <42 ><3>< 18 >< 46 >< 70 >< 07T >< 72 >< 80 >< 27 >< 36 >< 95 >< 27 >

<8l >< 36 >< 30 >< 44 >< 16 >< 35 >< D2 >< 65 >< 1 ><47 >< 96 >< 87 »>< 88 >
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Example 1: Central Pattern Generators

Ten:Four Eleven:Five Eleven:Seven Seven:Five

1111111111:0000 11111111111:00000 11111111111:0000000 1111111:00000

A

. T_’ 1111111000001

C:‘fjr\x)
1

- » , -
o

Pattern Eleven-Seven Eleven-Five Ten-Four Seven-Five

Original

Mean/n 23310/21 15048/21 20085/20 33218/22
(Std) Median  (29123) 12200  (15343) 7600 (23924) 7350 (31001) 15500
NSGasNet

Mean/n 11231/36 15691/34 11845/31 09252/34

(Std) Median __ (18209) 3050  (22105) 6050  (16395) 4000 (15523) 3200
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MLR d <— Brainstem

E CPG model

i i | (spinal cord)
7
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E
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s 3
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o

http://biorob.epfl.ch/salamandra

https://blogs.brandeis.edu/marderlab/research/
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Example 2: Robotic Control

Robot x=61.,58, y=73,78, 6=2,1, Time-step=135

(a)

‘ Run ‘ Segs. w. gas | Segs. w/out gas | Points w. gas | Points w/out gas
1 300 1000 200 900
2 300 1000 400 1000
3 350 2000 450 1500
4 500 2400 500 2000
5 600 2800 700 2000
6 1500 3200 950 6000
7 1600 3300 1000 10000
8 2000 3950 1400 10000
9 2800 6400 1800 10000
10 3100 7000 2300 10000
Mean 1305 3305 970 5340
SD 1062 2029 677 4254
Median 1050 3000 825 4000
Best 300 1000 200 900
‘Worst 3100 7000 2300 10000
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evolved gasnetrobot; —_— FrE
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gantry robot evolution

Playlist

[2) Playlist [00:00] | Title Duration

=% Media Library (1 Streaming

My Computer

E My Videgs
71 My Musi- & Convert
& My Pictd
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Settings

© Convert

1 Podcast: Display the output

i} Asseml:l' Denterlace
& FreeM
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Dump raw input

Destination

Destination file: C:\Users\renan'Desktop\v2.asf

:‘ gantry robot e... emovable Dis... talkUFMA i . N ; ) 8 20:03

2 21/10/2015




Example 3: Homeostasis and Robotics
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GasNets: final remarks

» Although NO-producing neurons account for only about 1% of cell bodies in the
cerebral cortex, their processes spread so extensively that almost every neuron in
the cortex is exposed to these small fibers

» Such structures are common across a range of species

» Flexible couplings => emergent dynamic properties

A During NO Synthesis
70
60 |
50 1

E40
=

30 1

20 1

101

0

0 10 20 30 40 50 60
um
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