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Gastric mill CPG

Courtesy A. Selverston



Toy CPG circuit for quadruped locomotion 
2-RF1-LF

4-LH 3-RH
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Dendronotus Iris swim CPG

A. Sakurai & P. Katz



Swim CPG of Dendronotus iris

A. Sakurai & P. Katz
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Swim CPG of Melibe Leonida

Courtesy: Akira Sakurai and Paul Katz 



Courtesy: Akira Sakurai and Paul Katz 



Body growth 

1-2 sec 4-6 sec 12-14 sec

Courtesy: Akira Sakurai and Paul Katz 





2015 Melibe swim CPG model



Parabolic burster

choice of model  - Plant’s parabolic buster

Single cell dynamics

Courtesy: Akira Sakurai and Paul Katz 



fast subsystem

slow subsystem

Plant R15 burster - a slow-fast system 

Aplysia (wiki) 



Plant R15 burster: slow-fast



Plant R15 burster: slow-fast
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• spiking                 quiescent
• post inhibitory rebound
• spike frequency adaptation

Membrane properties 



Membrane properties:  perturbed vs. unperturbed:
synaptic current pulse 



Dynamic synapsesSynaptic dynamics :  slow =  accumulation & potentiation 

Courtesy: Akira Sakurai and Paul Katz 



Dynamic synapsesSynapses : accumulation & potentiation      

Courtesy: Akira Sakurai and Paul Katz 



а dynamic synapse

logistic/sigmoid synapse

𝛼-synapse: 1st and 2nd order kinetics

Courtesy: Akira Sakurai and Paul Katz 



Fast Threshold Modulation (FTM)

𝛼 synapse

another dynamic synapselogistic/sigmoid synapse

𝛼 synapse: 2nd and 3rd order kinetics



Network hysteresis: HCO • balance of amplitudes or coupling              
• balance of phase 180o

• bistability
both tonic-spiking neurons



Network hysteresis: HCO • balance of amplitudes or coupling              
• balance of phase 180o

• bistabilityboth quiescent neurons



Network hysteresis: HCO 



HCO: winner takes all  • balance of amplitudes or coupling              
• balance of phase 180o

• bistability



Predator-pray module • balance of amplitudes or coupling              
• balance of phase ¼ of network period 
• bistabilitySpiking + quiescent neurons



Predator-pray module • balance of amplitudes or coupling              
• balance of phase ¼ of network period 
• bistabilitySpiking + quiescent neurons



2L 2R

3L 3R

1L 1R

4L 4R

2L 2R

3L 3R

1L 1R
1/2L 1/2R

3L 3R

• Delay caused by Si4s are implemented by slow dynamic synapses 

• Si1s and Si2s are merged due to strong electrical coupling between them 

Melibe CPG reduction



Melibe CPG  in curare  - isolated HCO

Courtesy: Akira Sakurai and Paul Katz 



math neurons

neurophys recordings

Hybrid training:   math neurons + neurophysiology                   in  curare 



Training math neurons with neurophys: machine learning
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Curare network model  and its calibration

• Delay and tail are controlled by the interplay of contralateral excitation and ipsilateral inhibition.
• At the burst initiation inhibition overrules excitation while the opposite happens at the end of the



HCO calibration 

Experimental fact check 1 

Courtesy: Akira Sakurai and Paul Katz 



Control swim cpg: normal saline

neurophys recordings

math neurons

Courtesy: Akira Sakurai and Paul Katz 



bio neurons

Hybrid training math neurons with neurophysiology 

control swim

math neurons

Courtesy: Akira Sakurai and Paul Katz 



CPG model fact check 2

math neurons

neurophys recordings Courtesy: Akira Sakurai and Paul Katz 



FACT CHECKS :   perturbations

Courtesy: Akira Sakurai and Paul Katz 
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