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What Is neuromorphic computing?

We can define neuromorphic computing as the act of performing a computation in a
manner similar to the brain.

Our brain elaborates inputs coming from our sensors and produces outputs in term of
generated motions and stored information.
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Classic computing
This kind of computing is very similar to what can be found in a robotic controller.

But the sensors and actuators are completely different, compared to the ones of
humans and animals, thus the brain is substituted by a computer.
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Brain vs machines

Getting to know your Brain

A 1.3 Kg, about 2% of body weight
A 10 neurons
A neuron growth:
250,000 / min (early pregnancy)
-1 neuron/s (adult life)
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Brain vs machines

Getting to know your Brain Getting to know your CPU

A 1.3 Kg, about 2% of body weight A 509

A 10 neurons A 1010 transistors (Ryzen 9)
A neuron growth: A no modification over lifetime

250,000 / min (early pregnancy)
-1 neuron/s (adult life)

A Op er antoi dnegbNeurons A Op er anoi dnegbCPUs
A analog computation in the soma A digital Boolean logic processing
A digital pulses along axons A digital signal propagation
A 10! stochastic synapses A reliable storage of data
A typical operating frequency: A typical operating frequency:
< 100Hz, asynchronous GHz, synchronous
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Why neuromorphic computing (in robotics)?

A brain is what defines a living being
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Why neuromorphic computing (in robotics)?

Today, bio-inspired sensing and actuation technologies are starting to emerge.
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Neuronal physiology

The neuron Is the fundamental structural and functional unit of the brain.
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Neuronal physiology

Many kind of neurons share the same cellular physiology.

Dendrite
Axon Terminal

Node of
Ranvier

Cell body

AXON Schwann cell

Myelin sheath
Nucleus
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Neuronal physiology

Neuronal electrophysiological activity lies on the cell membrane.
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Action potentials

The activity of a neuron (its i o u t psuhe acjion potential (or spike), generated by
voltage-gated ionic channels.

1. An external electric stimulus reach the Action
membrane, depolarizing it. L0 potential
2. Depolarization of the membrane opens <
Na* channels (A even more <, 2
depolarization). g &
: ;
3. If membrane potential exceeds the Threshold Failed |3
. . : -33 initiations
threshold potential, an action potential 0 Resting state
OCCuUrs. Stimulust Refractary

period

4. Afterwards, the membrane repolarize by
expelling K* ions and the neuron enters 0 oo s
the refractory period. me (ms
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Action potentials

The action potential is transmitted through the axon towards other neurons.

Each non-myelinated section (node of Ranvier) replicates the spike.

Propagation speed ranges from 1 to 100 m/s.
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Action potentials

The activity of a neuron is measured by computing its firing rate, expressed as the
mean number of spikes per second.
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Action potentials

The activity of a neuron is measured by computing its firing rate, expressed as the
mean number of spikes per second.
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It is not always an easy task!

The instantaneous firing rate cannot be computed real-time, due to causality.
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Action potentials

Usually, we are interested in looking at the spike events, instead of the membrane
potential, and for a high number of neurons (a population).
We can do so with raster plots.
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