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Opis zagadnienia badawczego: 

Memristors – passive electrical fundamental elements with memory - are considered as
components for future information technologies, especially unconventional computing.
Memristors are sensitive to time-sequence of electric signals and provide characteristic
distortions to the signals. As nonlinear elements they also work as frequency mixers. 
Music is a domain of human artistic and entertaining activity, but also a field of vigorous
research. Likewise information, music is a notion very difficult to define in precise terms.
Dislike speech, music is not usually meant for direct communication purposes. Conversely, it is
meant to trigger various emotional responses in recipients due to aesthetical feelings. On the
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other hand, music is a very well organized structure: a specific ‘musical language” with
appropriate grammar, syntax and vocabulary – the harmony, rhythmical patterns, timbres and
their mutual relations. 
Despite the well-established musical theories and various numerical recipes to detect and
quantize dissonance, the automated classification of intervals, chords and clusters according to
the harmonic quality and recognition of musical consonance and dissonance has not been
achieved in any system without prior training on the basis on the theory of harmony. The
understanding of a physical nature of dissonance and consonance is still not fully established.
It is supposed, that even simple memristive networks should be able to analyze electric signal
modulated with acoustic frequencies. This leads to the construction of artificial “ear” based on
semiconducting nanomaterials that should be able to classify musical objects according to their
harmonic quality.
The project will address this issue both theoretically (numerical models of memristors and
memristive circuits) and experimentally – using a reservoir computer approach with
memristive elements as signal processors.

Informacja o zapleczu badawczym: 

Project will be based on a hybrid approach - combination of theoretical modelling (however the
prior experience with computer simulations are not required) and experimental realization of
memristive circuits on the basis of semiconducting thin layers and assemblies of nanoparticles.
Experimental part will involve device fabrication (spin coating, drop-casting, sputtering),
electrical measurements, including impedance spectroscopy and various technigues of signal
processing. Memristive elements will be prepared by sequential drop casting technique on
appropriate substrates, whereas sputtering techniques will be used for fabrication of electric
contacts. Reservoir computing will be realized in a system comprising memristor or memristive
circuit, analogue potentiostat/signal amplifier/sourcemeter, LED-based light modulator and a
polyphonic synthesizer, delay lines and signal analyzers. All equipment, including Waldorf
Blofedl synthesizer, various guitar effect boxes (TC Electronics G-major 2, G-Lab, Boss DD-20),
distorsion analyzers, signal mixers (DN-412X, Denon, and ZED60-14FX, Allen&Heath ), and
audio signal analyzer UPV (Rohde&Schwarz, Germany) are available.
Reservoir computing will be realized in a system comprising memristor or memristive circuit,
analogue potentiostat/signal amplifier/sourcemeter, LED-based light modulator and a
polyphonic synthesizer, delay lines and signal analyzers. Rhythmic analysis will be performed
in a setup previously used for investigation of fading memory effects in wide band gap
semiconductors. A pattern to be analysed will be supplied as a sequence of defined electric
pulses.

Simulations will be based on SPICE implementations (MULTISIM, LTSPICE) of memristors and
more complex memristive circuits. Knowledge of MATLAB, ORIGIN and programming
languages (e.g. C, C++, Python) may be helpful but is not a strict requirement.

Any musical education is not required, however may help in finding new pathways within the
project.
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