
 

Multiple-scale modelling of epilepsy  

Supervisors: Stephen Coombes and Reuben O’Dea (Mathematical Sciences) and Karen Mullinger 

(Physics & Astronomy) 

Theme: Computational imaging and mathematical modelling 

Project Description: Epilepsy is a neurological disorder characterised by seizures, periods of high 

amplitude and highly synchronised brain oscillations.  It has long been recognised as a dynamic 

disease and one that manifests over multiple spatial and temporal scales in neuroimaging studies [1].  

Extensive research has been carried out to design treatments and preventative care for epileptic 

patients. However, the underlying cause of the disorder is still unclear. 

 Recent advances in mathematical modelling mean that it is now timely to re-assess M/EEG and fMRI 

data to explore how large-scale neural populations spanning centimetres of cortex coordinate with 

small neural groups spanning cortical columns during seizures. Specifically, this project will develop a 

new class of synaptically coupled neural field model [2], that can describe the evolution of neuronal 

synchrony patterns, to include the important effects of diffusing extracellular potassium and calcium 

concentration as well as gap junction coupling.  By integrating these new models with large-scale 

connectomic data, this project will probe the rapidly propagating waves of activity that underlie the 

multiple-scale aspect of epilepsy [3].  The work will require skill-sets from applied mathematics, data-

analytics, and scientific computation. 

 [1] Epilepsy as a Dynamic Disease (2003) Editors: Milton, John, Jung, Peter (Eds.), Springer 
 [2] Á Byrne, R O’ Dea, M Forrester, J Ross and S Coombes (2019) Next generation neural mass and 

field modelling, Journal of Neurophysiology, to appear 
 [3]  Martinet, L., Fiddyment, G., Madsen, J. et al. (2017) Human seizures couple across spatial scales 

through travelling wave dynamics. Nature Communications 8, 14896 

 

To apply for a place on the programme you will need to:  

     1. join the open day on 9 January or contact a potential supervisor. If you wish to join the open 

day, please e-mail PI-Beacon@nottingham.ac.uk 

    2. apply online here by 17 January 

    3. on submission send an email to PI-Beacon@nottingham.ac.uk stating your preferred project, 

application ref number and enclose a CV 

 

For any enquiries please email PI-Beacon@nottingham.ac.uk  

 

 

mailto:PI-Beacon@nottingham.ac.uk
https://www.nottingham.ac.uk/pgstudy/how-to-apply/research.aspx
mailto:PI-Beacon@nottingham.ac.uk
mailto:PI-Beacon@nottingham.ac.uk

