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RoboCup Challenge
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Europa Mission ~ 2018
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Eprpir

Conductance-based

« Examples:
— Hodgkin-Huxley
Neuron Model
— FitzHugh-Nagumo
Neuron Model

— Hindmarsh-Rose
Neuron Model

Difficult to analyze

Requires large number of
parameters

Has complex dynamics

TCAR AL

Spiking neuron models

« Examples:

— Integrate-and-Fire
Neuron Model

— Quadratic Integrate-
And-Fire Neuron
Model

— Spike Response
Neuron Model

Simple phenomenon

Highly popular for studies of
neural coding, memory, and
network dynamics.
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Hodakin-Huxley Model

‘ll inside
o
] ° O.o ° Ka
C T gKI I)gNaI Ji _°S\../ ; : °  eNa
T T T lon chann.els . lon pump outside
stimulus
du JI\Na IJK\ jlleak 1

C= 0 N(U=—E) 0N u—EJ)+9,u—E)+ 1

am_ hm-m))
at o a)
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Hodgkin-Hux

pulse input
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Hodgkin-Huxley Model
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Hodgkin-Huxley Modd

100% 100
{ mv
mV]' J-
| 0 e
. 4 Y — .
It 180 200 ;20 240
]_I 1 1 -
oA Y
0 00 400 600 800 1000
Subthreshold Spik
pike

response

2006-8-15 FE M E



N TR P LE TR B

|on channel based model
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Swiss Federal Institute of Technology Lausanne, EPFL
Laboratory of Computational Neuroscience, LCN, CH 1015 Lausanne
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Model of fast spiking interneuron

‘ l | inside
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atiit m(@@j) Erisir et al, 1999
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Model of fast spiking interneuron
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Model of fast spikingAinterneu ron

Current pulse

i

1

Detailed model, based
on ion channels
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Modeling Dendrities - Historical
background

Originally developed in the 1850s in the context of Lord Kelvin's calculations
regarding the spread of potential in the submarine trans-Atlantic telegraph cable
The study of such PDEs led to the development of cable theory

Can be used to describes the dynamics of V_ in thin, elongated neuronal structures

1st applied to axonsin the 1930's and 40’ s (Hodgkin and Rushton, 1946; Davis
and Lorente de No, 1947)

Application to dendrites began in the 1950’ s and flourished in the 60’sand 70’s
primarily due to the work of Wilfrid Rall

Assumes neuronal processes contain only voltage-independent components

Specifically, we will consider only resistances and capacitance - i.e. a passive
2006-8-15 ~ Mmembrane SR AR 47
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Mathematical Modeling

 Mathematical Model Equations
 Bistable Equation
e FitzHugh-Nagumo (1961-62)

— Qualitative, but representative
e Morris-Lecar (1981)

— Physiologically motivated

e Hodgkin-Huxley (1952)
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Spiking Neuron Model

« Spiking neurons are represented by
— Voltage across the cell membrane
— Threshold

 Spikes are generated
— When membrane potential v crosses some threshold &
— Moment of threshold crossing defines the firing time t®

PSP

A Typical Shape of Postsynaptic Potential
2006-8-15 SR Mt



Spiking Neuron Model

X(1) Is internal state variable

e Considering nonlinear dendritic interaction at

X%?Q%f%ega _(multlpllcatlon) o

i=1 E(t) =50 ’

— iwi 1:_ti _5i el_(t_ti ~6;)/7i i
i=1 Tin
it commonly used
L >[ et — %g(?icﬁdk?ﬂt]) (ec t )] spike response function

Xnet — i )

a. + e

Xnet = |:ﬁ (ai + biti ):| X eizzl:Ci+diti
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Artificial Neural Networks Motivated by
Spiking Neuron Model

@() hy,
Proposed artificia X l \
neural network .\l

architecture | a0 L e o0 N,

motivated by spiking C ,‘\ 5 /‘\
neuron model " : .

Prot. Prem K. Kalra & Deepek Mishra, 2006
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At A%

Rose-Hindmarsh /5 & Sk Fi ik B 45 71

X=y+ax’—bx*—z+1,

y=c—dx’—vy
2 =r[s(x—x,)-1]
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Field Action y
Model

W2:Field Action Weight

Output Units

Hidden Units

W1: Field Organizatign Weights

o Input Units
« Field Organization Model
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