Computational Diagnostics g2
& Biocybernetics Unit €=

Neuro Signal Analysis and Modeling
BMT922

Instructor:
Carlos Trenado

Saarland University, Saarland University Hospital,
and Saarland University of Applied Sciences, German vy



Computational Diagnostics
& Biocybernetics Unit €

Introductory Remarks

containing
neurotransmitters

Neurotransmitter
molecules

recelving neuron

forward problem of simulation Large Scale
- Neural
. Correlates
neural origin large-scale effects
. Mode| .

_
inverse problem for measured data




Computational Diagnostics S
& Biocyhernetics Unit €E

Different Scales

N Multiple Spatial Scales in Cortex

What spatial scale(s) of
Column synchrony produces
scalp EEG fields?
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Cortical Columns
o Columns are vertically oriented groups of thousands of neurons
INn synaptic contact
* Main input layer is layer IV which receives thalamic input
e Thalamus is the main source of input to the cortex
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Types of Cortex

e Cytoarchitecture
varies in different
areas

« Number and size of
cells

* Thickness of layers




1 mm diameter cortical macrocolumn
Dominance of Tangential Over Radial

- Connections in the Human Brain

100,000 cortico-cortical fibers

2,000 thalamocortical fibers



Ratio of cortico-cortical input fibers  to thalamocortical input
fibers
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Neural Systems Modeling and
Scale

1) A compromise between detail and abstraction:



Introductory Remarks: Neural Systems Modeling

Input Layer Output Layer

Neural Networks



Example: Stereotype Integrate and Fire Network
Model (Neural Network Level)



Integrate and Fire Network



Integrate and Fire Network



Integrate and Fire Network



Integrate and Fire Model (100 Exc-50 Inh)






Integrate and Fire Model (50 Exc-100 Inh)






Integrate and Fire Model (5000 Exc-4500 Inh)






Example: Cortical Column Level



Basic Unit Model Tagamets and Horwitz (1998)
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Architecture of Cortical Columns
CORTICAL COLUMNS
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Architecture of Cortical Patches

CORTICAL COLUMNS
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Simulation Example



Example: Large-Scale Level:
Modeling Neural Correlates of Selective Attention
(Focusing on the auditory modality )



Introduction: Objective

« To gain insight into the neurodynamics of auditory seec
attention.

« To study the influence of relevant corticothalamicgemn
neural correlates of auditory selective attention by rsesn
computational models.

auditory
ortex
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Hillyard et. al. Electrical signs of

selective attention in the human brain.
Science. 182:177-180, (1973)




Introduction: Neural Field Approach

Neural mass actions on a spatially continous medium

(Beurle 1956; Griffith 1963; Wilson & Cowan, 1973; Ninez, 1974; Freeman 1975; Amari 1977; van
Rotterdam et al., 1982; Jirsa & Haken, 1996; Wright& Liley, 1996; Robinson et al., 1997, 2001,
2005; Liley et al., 2002).



Methods: Math Model

(1) Combination of incoming activities from excitatorydamhibitory neural
populations as well as subcortical contributions.

(2) Mean Soma Potential

Low Pass Filter (Dendritic Effects)



Methods: Math Model

(3) Mean Firing Rate

(4) Propagation of activity is given by:

Robinson, et. al. Multiscale Brain Modeling.
Philosophical Trans. Royal Society of London
(2005) 360: 1043-1050.



Methods: Math Model

(5) Cortico-ThalamicModulation
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Methods: Math Model

C Trenado, L Haab, DJ Strauss. Corticothalamic Feedb  ack Dynamics for
Large-Scale Neural Correlates of Selective Attention. |  EEE TNSRE (2009)



Results: Selective attention

Attended Unattended

Experiment

YF Low, FI Corona—Strauss, DJ

Strauss. Extraction of Auditory
Attention Correlates in Single
Sweeps of Cortical Potentials by
Maximum Entropy Paradigms and
its Application. IEEE NER (2007)

Model Simulations

C Trenado, L Haab, W Reith, DJ Strauss.
Biocybernetics of attention in the tinnitus
decompensation . JNM (2009)



Results: Selective attention

Experiment Model Simulations

Model Simulations
Synchronization Stability Measure

DJ Strauss, W Delb, R D’Amelio, YF Low and P. Falka .
Objective quantification of the tinnitus decompensation

by synchronization measures of auditory evoked single
sweeps. IEEE TNSRE (2008)



Results: cortical activity

Excitatory Inhibitory

Attended

Unattended



Cortical Activity Mappings



Large-Scale Evoked Potential Model
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Trenado, Haab, and Strauss model.
2007

fMRI shows evidence of
the involvement of the
limbic system
(Emotions)



assembling a model of attention and

habituation as a function of novelty
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Habituation

Examples of computational
hippocampal burst signals...

... and their experimental
analog.

by Vinogradova et al. 2001

L Haab, C Trenado, DJ Strauss.
Neuropsychological Model of Large—Scale
Correlates of Habituation and Selective Attention
Driven by Stimulus Novelty . Submitted 2009



Habituation Analysis
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M Mariam, W Delb, Fl. Corona-Strauss, M Bloching, D  J Strauss
Habituation of Late Latency Auditory Evoked Respons

esto
soft and loud stimuli. Physiological Measurement. a ccepted
2008



My personal view about how the brain really works!!!!



