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Implantation of human hippocampus 
by depth macro and micro electrodes 
(left). Detection of ultra fast oscillations 
in epileptic (patient 1) and non-epileptic 
(patient 2) hippocampus.

THEMATIC RESEARCH FOCUS

Research area

Biomedical engineering –
Signal processing –
Neuro electrophysiology, electro-encephalography (EEG) –
Advanced acquisition technologies –
Epileptic seizure localization –
Surgical outcome prediction (Epilepsy, Parkinson’s disease) –
Motor and cognitive processes of the human brain –

Excellence

Deep brain electrophysiology – basic neuroscience research regarding the spatio- –
temporal distribution of brain activities 
Predictive models for rapid identifi cation and localization of epileptic sources  –
Advanced statistical and machine learning models for artifact rejection and de- –
tection of pathological events in EEG
Development of open-source signal processing toolboxes and libraries for com- –
putational neurology and neuroscience

Mission

Development of advanced technologies in computational neuroscience and subse-
quent implementation of these tools to basic research and clinical practice in order 
to improve medical treatment, lower risk and reduce patient’s time in a hospital.

UP-TO-DATE ACTIVITIES

Research orientation

Methods for broadband EEG signal analysis  –
Detection of pathological waveforms in EEG traces, e.g. interictal epileptic dis- –
charges and ultra-high frequency oscillations
Connectivity and mutual interactions between anatomical structures of the hu- –
man brain



Main capabilities

Basic research

The basic research of motor and cognitive processes of human brain –
Spectral analysis of invasive and scalp EEG signals –
Analysis of the epileptogenic zone function and dynamics of epileptic seizures –

Applied research

Eff ectivity of deep brain stimulation (DBS) in epilepsy, Parkinson’s disease –
Machine learning models: –

localization of the epileptogenic zone ○
prediction of surgical outcome in epilepsy surgery ○
seizure forecasting and seizure prediction ○
prediction of the eff ect of vagal nerve stimulation (non-invasive scalp EEG  ○
study).
Implementation of the developed tools into clinical practice. ○

Sub-fi elds of group activities

Clinical and experimental medicine – neurology –
Biomedical engineering –
Signal acquisition and processing –

KEY RESEARCH EQUIPMENT

List of devices

Computing facilities intended for large data interactive processing (64 core  –
parallel computing, high-speed SSD storages, SW support)

ACHIEVEMENTS

Awards

Dr. Klimeš received The Molson Neuro-Engineering Fellowship – “Towards a  –
more accurate and time effi  cient presurgical epilepsy work-up: development 
of seizure-independent biomarkers of the epileptic focus”. Awarded by The 
Montreal Neurological Institute and Hospital, QC, Canada, 2019.
Dr. Josef Halámek received “František Křižík” Honorable Medal from the Czech  –
Academy of Sciences for his lifetime work in the fi eld of signal processing in 
medicine. 2018.
Poster “Relative entropy between iEEG signals as a powerful tool for localiza- –
tion of epileptogenic tissue” by Dr. Klimeš et al. was shortlisted for the Best 
Poster Award at the European Congress on Epileptology (ECE), Vienna, 2018.
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MAIN COLLABORATING PARTNERS

Collaboration with academic partners

International Clinical Research Center (ICRC), St. Anne’s University Hospital,  –
Brno (CZ)
Medical Faculty, Masaryk University, Brno (CZ) –
Central European Institute of Technology (CEITEC), Brno (CZ) –
Mayo Clinic, Rochester (MN, USA) –
Montreal Neurological Institute and Hospital (QC, Canada) –

Schematic illustration of the pathological 
tissue localization using machine 
learning model based on multiple EEG 
features. Red disks represent the channels 
identifi ed by the model as pathological. 
The cluster (green circle) with the highest 
mean probability is selected as the fi nal 
localization (Cimbalnik and Klimes et al., 
2019)



Collaboration with companies

M&I (Prague, CZ) –

EXPECTATIONS

Off ers

We off er collaboration in the areas of our expertise:
Biomedical signal acquisition and analysis –
Development of diagnostic technologies and data processing methods in  –
clinical evaluation of new technologies
Partnership in international scientifi c and technology-transfer projects –

Requirements

We look for cooperation with academic partners as well as companies in the 
fi elds of signal processing and application of new analysis and technologies in 
neurology.

Intracerebral EEG recordings 
and analysis – brain structures 
involvement in cognition process, 
pathological and functional 
connectivity.


