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Why simulate the cerebellum?
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mf: mossy fiber
cf: climbing fiber
pf: parallel fiber
GoCs: Golgi cells
GrCs: granule cells
SCs: stellate cells
BCs: basket cells
PCs: Purkinje Cells
DCN: deep cerebellar nuclei

Taken from: D'Angelo E. and Casali S., 2013

• Quasi-crystallinemodular microcircuit structure
• Complex and differentiated single neuron and synapse dynamics
• Distributed plasticity

• Feedforward and feedback adaptive controller
• Tuning TIMING and GAIN of motor responses, to

predict and compensate for perturbations
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Taken from: Geminiani A et al.., 2019
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Adapted from: Casellato et al., 2014 
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Story of cerebNEST project

Casellato et al., 2014 

Geminiani et al., 2018

Antonietti et al., 2015 

Casali et al., 2019

Geminiani et al., 2019 a
Geminiani et al., 2019 b

Antonietti et al., 2018
Antonietti et al., 2019 

…

Antonietti et al., 2022 
Inoue et al., 2021 

Grillo et al., 2021
De Schepper et al., 2021
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models



cerebNEST today – Robotic embodiment
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Benedetta Gambosi
benedetta.gambosi@polimi.it
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cerebNEST today – Diffusive plasticity mechanism
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SYNAPSESnNOS 
Nuclei 
EGL: external granular layer
ML: molecular layer
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IGL: internal granular layer 
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Cerebellar 
cortex

Garthwaite, et al. 1988
Wood, et al. 2001
Hardingham et al., 2013

neural Nitric Oxide
synthase (NO source)
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Nitric Oxide production and diffusion model in SNN

NO signal

Volume transmitter  

Hardingham et al., 2013 
Garthwaite, et al. 2016
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Nitric Oxide production and diffusion model in SNN

Geometry 
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Single 
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De Schepper, Robin, et al. bioRxiv (2021).
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H. Carslaw and J. Jaeger. Conduction of heat in solids. Oxford University Press, 1959

NO single source model 
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Simulation in python (our implementation)Simulation in NEURON (Reaction&Diffusion)
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NO single source model - production 
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NEURON vs our simulation*



J. Garthwaite, 2016 

NO single source model - diffusion 
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Literature data vs our simulation*



NO network diffusion 
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Trapani et al., 2021
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Shibuki et al., 1990 
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NO role in plasticity mechanism
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Future development

Trapani et al., 2021
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