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Petra Ahčin, Eva Košan, Lucija Tekavc

Supervised by Aleksij Kraljič
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1 Introduction

EEG and fMRI are widely used methods in cognitive sci-
ence but both have certain limitations in measurement.
While EEG records brain activity with high temporal but
poor spatial resolution, data collected with fMRI have
the opposite characteristics. Therefore, the most com-
prehensive data can be obtained by combining measure-
ments from both modalities. For this purpose several an-
alytical methods have been developed.

This project focused on developing a tool for fMRI-
informed EEG analysis. It is an asymmetric approach
that centres on EEG data but improves it with more ac-
curate spatial localization of EEG sources based on MRI
structural and functional data (Huster et al., 2012).

Our work on this project was part of a follow-up
phase of a previously published study investigating the
use of fine-grained and categorical representations in
spatial working memory and their neural correlates,
identified using fMRI. The study examined how differ-
ent strategies for maintaining spatial information are as-
sociated with distinct patterns of brain activity and cog-
nitive resource allocation. Our role primarily involved
using and testing the ELK (Electrode Localization Kit)
application, which is intended to accurately align EEG
electrode locations with the MRI scan for further proce-
dures and analyses. We contributed to the development
process by evaluating its advantages and limitations and
providing feedback on usability and user experience and
gathering the transformed data.

2 Methods

We performed EEG electrode localization and coregis-
tration with structural MRI as a preprocessing step for
EEG source reconstruction. The procedure was carried
out using the ELK (Electrode Localization Kit) environ-
ment.

First, the head scan (object file), corresponding tex-
ture, structural MRI data, and electrode location file
were loaded to construct a 3D head model. Default set-
tings were used to initialize the visualization of electrode
positions. Electrode positions were then manually re-
fined and labeled according to the standard EEG nam-
ing system. Next, electrode positions were registered to
MRI space. Alignment procedures included label-based
alignment (Fig. 1), automatic labeling, and interpola-
tion. Fiducial points were then defined both on the head

Fig. 1: Screenshot of the aligning step in ELK app
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model and MRI, including the nasion and the left and
right preauricular points. These marks were used for
co-registration between electrode and MRI space. Fi-
nally, electrodes were projected onto the MRI, visually
inspected to verify alignment accuracy, and exported for
further analysis.

3 Results

Per our testing ELK app is a possible tool for imple-
menting EEG inverse modeling as described by Eom
(2023). It helps solve the EEG source localization prob-
lem, which does not have a single clear solution, by fo-
cusing the results on brain areas that are realistically ac-
tive based on fMRI measurements. Our work led to ELK
app being corrected to work on all tested operating sys-
tems The app and the transformed data will be used in
the next steps of the study.
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