The Neuromorphic Control MATLAB toolbox
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1 Introduction

In the realm of control systems and robotics, the quest for in-
telligent and adaptive controllers has led researchers to draw
inspiration from the intricate workings of the human brain.
This pursuit has prompted a departure from traditional con-
trol concepts [1]. Traditional control, often expressed in
terms of continuous-time signals, contrasts with the largely
event-based nature of neurons.

To be able to use these concepts and models in a control
workflow, we present a toolbox that provides blocks based
on the work of Ribar et al. [2] to quickly create neuronal
circuits that can be inserted in a control loop. This allows
modeling, design, and testing of neuromorphic controllers
to be far quicker and accessible to a wider audience.

2 Computing with events

For neuromorphic control to make sense and to better under-
stand how to use this toolbox, it is necessary to understand
the basic paradigm of neural computation. Neurons commu-
nicate with each other by sending spikes, or events, to each
other [3].

Therefore, while technically simulating continuous-time
signals, this toolbox is designed to work with spiking events
in mind (see Figure 1 top graph). The intricacy of work-
ing in an event-based paradigm is that blocks should be de-
signed to receive semantic 1-bit events from other blocks
and generate 1-bit events to other blocks, while permitting
local continuous signals to exist.

3 The Toolbox

The toolbox currently defines only six blocks, two of which
are the main blocks that define the other blocks. These two
basic blocks are the low-pass filter and the saturation block.
Using those blocks, four other blocks are defined: the neu-
ron, the synapses with facilitation and depression, and what
we call the neuromodulatory synapse. These building blocks
are meant to be combined to create more complex comput-
ing blocks that then adhere to the event-based paradigm of
Section 2. The toolbox is available on the Mathworks File
Exchange [4].

4 Applications

Using these basic computational blocks, it is possible to re-
alize a full control loop around defined sensors and actua-
tors. This means defining event-based sensory transducers,
event-based actuator transducers, and event-based computa-
tion blocks.

A simple and useful example of a computational block
that you can create is a zero-crossing detector. This block
comes up naturally in an event-based computing framework,
since semantic events are often linked to a signal crossing a
threshold.
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Figure 1: Zero-crossing detector output when subjected to an al-
ternating input signal.

Figure 1 displays the behavior of an event-based zero-
crossing detector built using the toolbox. This detector dis-
tinguishes between a positive and a negative crossing and
communicates it by the polarity of the event.
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