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CHAPTER 1

Introduction

This document describes a set of programs for preprocessing and averag-
ing of MEG and EEG data and for constructing cortically-constrained
minimum-norm estimates. This software package will in the sequel
referred to as MNE software. The software is based on anatomical MRI
processing, forward modelling, and source estimation methods published
in Dale, Fischl, Himaél&dinen, and others. The software depends on ana-
tomical MRI processing tools provided by the FreeSurfer software.

Chapter 2 of this manual gives an overview of the software modules
included with MNE software. Chapter 3 is a concise cookbook describing
a typical workflow for a novice user employing the convenience scripts as
far as possible. Chapters 4 to 11 give more detailed information about the
software modules. Chapter 12 discusses processing of the sample data set
included with the MNE software. Chapter 13 lists some useful back-
ground material for the methods employed in the MNE software.

Appendix A is an overview of the BEM model mesh generation methods,
Appendix B contains information specific to the setup at Martinos Center
of Biomedical Imaging, Appendix C is a software installation and config-
uration guide, Appendix D summarizes the software history, and
Appendix E contains the End-User License Agreement.

Note: The most recent version of this manual is available at
S$MNE_ROOT/share/doc/MNE-manual-<version>.pdf. For the
present manual, <version> = 2. 7. For definition of the MNE_ROOT envi-
ronment variable, see Section 2 .4.

We want to thank all MNE Software users at the Martinos Center and in
other institutions for their collaboration during the creation of this soft-
ware as well as for useful comments on the software and its documenta-
tion.

The development of this software has been supported by the NCRR Cen-
ter for Functional Neuroimaging Technologies PAIRR14075-06, the NIH
grants 1RO1IEB009048-01, RO1 EB006385-A101, 1R01 HD40712-Al,
IROT NS44319-01, and 2R01 NS37462-05, ell as by Department of
Energy under Award Number DE-FG02-99ER62764 to The MIND Insti-
tute.
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cHAPTER 2 Overview

2.1 List of components

The principal components of the MNE Software and their functions are
listed in Table 2.1. Documented software is listed in italics. Table 2.2 lists
various supplementary utilities.

Name

Purpose

mne_analyze

An interactive analysis tool for computing source esti-
mates, see Chapter 7.

mne_average_estimates

Average data across subjects, see Section 8.6.2.

mne_browse_raw

Interactive raw data browser. Includes filtering, offline
averaging, and computation of covariance matrices, see
Chapter 4.

mne_compute_mne

Computes the minimum-norm estimates, see
Section B.3.1. Most of the functionality of
mne_compute_mne is included in mne_make_movie.

mne_compute_raw_inverse

Compute the inverse solution from raw data, see
Section 6.6.

mne_convert_mne_data

Convert MNE data files to other file formats, see
Section 9.12.

mne_do_forward_solution

Convenience script to calculate the forward solution
matrix, see Section 3.11.

mne_do_inverse_operator

Convenience script to compute the inverse operator
decomposition, see Section 3.13.

mne_forward_solution

Calculate the forward solution matrix, see Section 5.9.

mne_inverse_operator

Compute the inverse operator decomposition, see
Section 6.4.

mne_make_movie

Make movies in batch mode, see Section 6.5.

mne_make_source_space

Create a fif source space description file, see Section 5.4.

Table 2.1 The software components.

MSH-MNE
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E Overview

Name

Purpose

mne_process_raw

A batch-mode version of mne_browse_raw, see
Chapter 4.

mne_redo_file

Many intermediate result files contain a description of
their ‘production environment’. Such files can be recre-
ated easily with this utility. This is convenient if, for
example, the selection of bad channels is changed and
the inverse operator decomposition has to be recalcu-
lated.

mne_redo_file_nocwd

Works like mne_redo_file but does not try to change in
to the working directory specified in the ‘production
environment’

mne_setup_forward_model

Set up the BEM-related fif files, see Section 3.7.

mne_setup_mri

A convenience script to create the fif files describing the
anatomical MRI data, see Section 3.4.

mne_setup_source_space

A convenience script to create a source space description
file, see Section 3.5.

mne_show_environment

Show information about the production environment of a
file.

Table 2.1 The software components.

Name

Purpose

mne_add_patch_info

Add neighborhood information to a source space file, see
Section 11.7.

mne_add_to_meas_info

Utility to add new information to the measurement info
block of a fif file. The source of information is another fif
file.

mne_add_triggers

Modify the trigger channel STI 014 in a raw data file, see
Section 11.4.6. The same effect can be reached by using an
event file for averaging in mne_process_raw and
mne_browse_raw.

mne_annot2labels

Convert parcellation data into label files, see Section 11.14.

mne_anonymize

Remove subject-specific information from a fif data file, see
Section 11.4.7.

mne_average_forward_solutions

Calculate an average of forward solutions, see Section 5.10.

mne_brain_vision2fiff

Convert EEG data from BrainVision format to fif format,
see Section 9.2.10.

Table 2.2 Utility programs.
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Name

Purpose

mne_change_baselines

Change the dc offsets according to specifications given in a
text file, see Section 11.12.

mne_change_nave

Change the number of averages in an evoked-response data
file. This is often necessary if the file was derived from sev-
eral files.

mne_check_eeg_locations

Checks that the EEG electrode locations have been cor-
rectly transferred from the Polhemus data block to the
channel information tags, see Section 11.4.3.

mne_check_surface

Check the validity of a FreeSurfer surface file or one of the
surfaces within a BEM file. This program simply checks for
topological errors in surface files.

mne_collect_transforms

Collect coordinate transformations from several sources
into a single fif file, see Section 9.9.

mne_compensate_data

Change the applied software gradient compensation in an
evoked-response data file, see Section 9.2 4.

mne_convert_lspcov

Convert the LISP format noise covariance matrix output by
graph into fif, see Section 9.11.

mne_convert_ncov

Convert the ncov format noise covariance file to fif, see
Section 9.10.

mne_convert_surface

Convert FreeSurfer and text format surface files into Matlab
mat files, see Section 9.7.

mne_cov2proj

Pick eigenvectors from a covariance matrix and create a
signal-space projection (SSP) file out of them, see
Section 11.9.

mne_create_comp_data

Create a fif file containing software gradient compensation
information from a text file, see Section 9.2.6.

mne_ctf2fiff

Convert a CTF ds folder into a fif file, see Section 9.2.2.

mne_ctf_dig2fiff

Convert text format digitization data to fif format, see
Section 9.2.3.

mne_dicom_essentials

List essential information from a DICOM file. This utility

is used by the script mne_organize_dicom, see
Section A.2.1.

mne_edf2fiff

Convert EEG data from the EDF/EDF+/BDF formats to the
fif format, see Section 9.2.8.

mne_epochs2mat

Apply bandpass filter to raw data and extract epochs for
subsequent processing in Matlab, see Section 9.14.

Table 2.2 Utility programs.
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Name

Purpose

mne_evoked_data_summary

List summary of averaged data from a fif file to the standard
output.

mne_eximialfiff

Convert EEG data from the Nexstim eXimia system to fif
format, see Section 9.2.11.

mne_fit_sphere_to_surf

Fit a sphere to a surface given in either fif or FreeSurfer for-
mat, see Section 11.9.

mne_fix_mag_coil_types

Update the coil types for magnetometers in a fif file, see
Section 11.4.4.

mne_fix_stim14

Fix coding errors of trigger channel STI 014, see
Section 3.9.1.

mne_flash_bem

Create BEM tessellation using multi-echo FLASH MRI
data, see Section A.2.

mne_insert_4D_comp

Read Magnes compensation channel data from a text file
and merge it with raw data from other channels in a fif file,
see Section 9.2.5

mne_list_bem

List BEM information in text format, see Section 9.6.

mne_list_coil_def

Create the coil description file. This is run automatically at
when the software is set up, see Section 5.8.5.

mne_list_proj

List signal-space projection data from a fif file.

mne_list_source_space

List source space information in text format suitable for
importing into Neuromag MRIlab software, see
Section 9.5.

mne_list_versions

List versions and compilation dates of MNE software mod-
ules, see Section 11.2.

mne_make_cor_set

Used by mne_setup_mri to create fif format MRI descrip-
tion files from COR or mgh/mgz format MRI data, see
Section 3.4. The mne_make_cor_set utility is described in
Section 9.8.

mne_make_derivations

Create a channel derivation data file, see Section 11.5.

mne_make_eeg_layout

Make a topographical trace layout file using the EEG elec-
trode locations from an actual measurement, see
Section 11.6.

mne_make_morph_maps

Precompute the mapping data needed for morphing
between subjects, see Section 8§ .4.

mne_make uniform_stc

Create a spatially uniform stc file for testing purposes.

Table 2.2 Utility programs.
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Name

Purpose

mne_mark_bad_channels

Update the list of unusable channels in a data file, see
Section 11.4.1.

mne_morph_labels

Morph label file definitions between subjects, see
Section 8.5.

mne_organize_dicom

Organized DICOM MRI image files into directories, see
Section A.2.1.

mne_prepare_bem_model

Perform the geometry calculations for BEM forward solu-
tions, see Section 5.7.

mne_process_stc

Manipulate stc files.

mne_raw2mat

Convert raw data into a Matlab file, see Section 9.13.

mne_rename_channels

Change the names and types of channels in a fif file, see
Section 11.4.5.

mne_sensitivity_map

Compute a sensitivity map and output the result in a w-file,
see Section 11.10.

mne_sensor_locations

Create a file containing the sensor locations in text format.

mne_show_fiff

List contents of a fif file, see Section 11.3

mne_simu

Simulate MEG and EEG data, see Section 11.13.

mne_smooth

Smooth a w or stc file.

mne_surf2bem

Create a fif file describing the triangulated compartment
boundaries for the boundary-element model (BEM), see
Section 5.6.

mne_toggle_skips

Change data skip tags in a raw file into ignored skips or
vice versa.

mne_transform_points

Transform between MRI and MEG head coordinate frames,
see Section 11.11.

mne_tufts2fiff

Convert EEG data from the Tufts University format to fif
format, see Section 9.2.9.

mne_view_manual

Starts a PDF reader to show this manual from its standard
location.

mne_volume_data2mri

Convert volumetric data defined in a source space created
with mne_volume_source_space into an MRI overlay, see
Section 9.4.

mne_volume_source_space

Make a volumetric source space, see Section 5.5.

mne_watershed_bem

Do the segmentation for BEM using the watershed algo-
rithm, see Section A.1.

Table 2.2 Utility programs.
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2.2

File formats

2.3

The MNE software employs the fif file format whenever possible. New
tags have been added to incorporate information specific to the calculation
of cortically contained source estimates. FreeSurfer file formats are also
employed when needed to represent cortical surface geometry data as well
as spatiotemporal distribution of quantities on the surfaces. Of particular
interest are the w files, which contain static overlay data on the cortical
surface and stc files, which contain dynamic overlays (movies).

Conventions

24

When command line examples are shown, the backslash character (\) indi-
cates a continuation line. It is also valid in the shells. In most cases, how-
ever, you can easily fit the commands listed in this manual on one line and
thus omit the backslashes. The order of options is irrelevant. Entries to be
typed literally are shown like this. [talicized text indicates conceptual
entries. For example, <dir> indicates a directory name.

In the description of interactive software modules the notation <menu>/
<item> is often used to denotes menu selections. For example, File/Quit
stands for the Quit button in the File menu.

All software modules employ the double-dash (--) option convention, i.e.,
the option names are preceded by two dashes.

Most of the programs have two common options to obtain general infor-
mation:

--help
Prints concise usage information.

--version

Prints the program module name, version number, and compilation
date.

User environment

The system-dependent location of the MNE Software will be here referred
to by the environment variable MNE_ROQOT. There are two scripts for set-
ting up user environment so that the software can be used conveniently:

SMNE_ROOT/bin/mne_setup sh

and

16
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SMNE_ROOT/bin/mne_setup

compatible with the POSIX and csh/tcsh shells, respectively. Since the
scripts set environment variables they should be ‘sourced’ to the present
shell. You can find which type of a shell you are using by saying

echo S$SSHELL

If the output indicates a POSIX shell (bash or sh) you should issue the
three commands:

export MNE ROOT=<MNE>
export MATLAB_ROOT=<Matlab>
. $MNE ROOT/bin/mne setup sh

with <MNE> replaced by the directory where you have installed the
MNE software and <Matlab> is the directory where Matlab is installed.
If you do not have Matlab, leave MATLAB_ROOT undefined. If Matlab
is not available, the utilities mne_convert_mne_data, mne_epochs2mat,
mne_raw2mat, and mne_simu will not work.

For csh/tcsh the corresponding commands are:

setenv MNE ROOT <MNE>
setenv MATLAB ROOT <Matlab>
source $MNE ROOT/bin/mne_ setup

For BEM mesh generation using the watershed algorithm or on the basis
of multi-echo FLASH MRI data (see Appendix A) and for accessing the
tkmedit program from mne_analyze, see Section 7.18, the MNE software
needs access to a FreeSurfer license and software. Therefore, to use these
features it is mandatory that you set up the FreeSurfer environment as
described in the FreeSurfer documentation.

The environment variables relevant to the MNE software are listed in 2.3

Name of the variable Description
MNE_ROOT Location of the MNE software, see
above
FREESURFER_HOME Location of the FreeSurfer soft-

ware. Needed during FreeSurfer
reconstruction and if the FreeSurfer
MRI viewer is used with
mne_analyze, see Section 7.18.

SUBJECTS_DIR Location of the MRI data

Table 2.3 Environment variables
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Name of the variable

Description

SUBJECT

Name of the current subject

MNE_TRIGGER_CH_NAME

Name of the trigger channel in raw
data, see Section 4.2.1.

MNE_TRIGGER_CH_MASK

Mask to be applied to the trigger
channel values, see Section 4.2.1.

Table 2.3 Environment variables

Note: Appendix B contains information specific to the setup at the Marti-
nos Center including instructions to access the Neuromag software.

18
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3.1 Overview

This section describes the typical workflow needed to produce the mini-
mum-norm estimate movies using the MNE software. The workflow is
summarized in Figure 3.1.

MRI data (raw) [ mne_setup_analysis_csh (2.5)] MEG data (raw)

l

MRI data (reconstructed)
[FreeSurfer (3.3)]

SN

COR:fif (T1) COR:fif (brain) source space
[mne setup_mri (3.4)] [mne_setup_source_space (3.5)]

| |

COR:-aligned.fif (T1)  BEM mesh (inner skull)

[mne_analyze (7)]  [mne_watershed (A.1)]

[Mrilab] [mne_flash_bem (A.2)]
[Seglab (A.3)]

2

BEM model
[mne_setup_forward_model (3.7)]

l \,

forward solution
? [mne_do_forward_solution (3.11)]

)

inverse operator
[mne_do_inverse_operator (3.13)]

J/ v

Analyze and make movies
and snapshots
[mne_analyze (7)]
[mne_make_movie (6.5)]

\’

movie files
snapshots
stc and w files

MEG data (filtered + averaged)  noise-covariance
W [mne_browse_raw (4)]

Figure 3.1 Workflow of the MNE software. References in parenthesis indicate sections and chap-
ters of this manual.
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3.2 Selecting the subject

Before starting the data analysis, setup the environment variable
SUBJECTS_DIR to select the directory under which the anatomical MRI
data are stored. Optionally, set SUBJECT as the name of the subject’s
MRI data directory under SUBJECTS_DIR. With this setting you can
avoid entering the --subject option common to many MNE programs and
scripts. In the following sections, files in the FreeSurfer directory hierar-
chy are usually referred to without specifying the leading directories.
Thus, bem/msh-7-src.fif is used to refer to the file $SUBJECTS_DIR/
$SUBJECT/bem/msh-7-src fif.

It is also recommended that the FreeSurfer environment is set up before
using the MNE software.

3.3 Cortical surface reconstruction with FreeSurfer

The first processing stage is the creation of various surface reconstruc-
tions with FreeSurfer. The recommended FreeSurfer workflow is summa-
rized on the FreeSurfer wiki pages: https://surfer.nmr.mgh.harvard.edu/
fswiki/RecommendedReconstruction. Please refer to the FreeSurfer wiki
pages (https://surfer.nmr.mgh.harvard.edu/fswiki/) and other FreeSurfer
documentation for more information.

Important: Only the latest (4.0.X and later) FreeSurfer distributions con-
tain a version of tkmedit which is compatible with mne_analyze, see
Section 7.18.

3.4 Setting up the anatomical MR images for MRIlab

If you have the Neuromag software installed, the Neuromag MRI viewer,
MRIlab, can be used to access the MRI slice data created by FreeSurfer.
In addition, the Neuromag MRI directories can be used for storing the
MEG/MRI coordinate transformations created with mne_analyze, see
Section 7.16. Doring the computation of the forward solution,
mne_do_forwand_solution searches for the MEG/MRI coordinate in the
Neuromag MRI directories, see Section 3.11. The fif files created by
mne_setup_mrit can be loaded into Matlab with the fiff read_mri func-
tion, see Chapter 10.

These functions require running the script mne_setup_mri which requires
that the subject is set with the ——subject option or by the SUBJECT
environment variable. The script processes one or more MRI data sets
from $SUBJECTS DIR/S$SUBJECT/mri, by default they are T1 and
brain. This default can be changed by specifying the sets by one or more —
-mri options.

20
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The script creates the directories mri/<name>-neuromag/slices
and mri/<name>-neuromag/sets. If the the input data set is in COR
format, mne_setup_mri makes symbolic links from the COR files in the
directory mri/<name> into mri/<name>-neuromag/slices, and
creates a corresponding fif file COR fif in mri/<name>-neuromag/
sets.. This “description file” contains references to the actual MRI
slices.

If the input MRI data are stored in the newer mgz format, the file created
in the mri/<name>-neuromag/sets directory will include the MRI
pixel data as well. If available, the coordinate transformations to allow
conversion between the MRI (surface RAS) coordinates and MNI and
FreeSurfer Talairach coordinates are copied to the MRI description file.
mne_setup_mri invokes mne_make_cor_set, described in Section 9.8 to
convert the data.

For example:
mne setup mri --subject duck donald --mri T1
This command processes the MRI data set T1 for subject duck_donald.

Tip: If the SUBJECT environment variable is set it is usually sufficient to
run mne_setup_mri without any options.

Tip: If the name specified with the ——mri option contains a slash, the
MRI data are accessed from the directory specified and the SUBJECT and
SUBJECTS_DIR environment variables as well as the —--subject
option are ignored.

3.5 Setting up the source space

This stage consists of the following:

1. Creating a suitable decimated dipole grid on the white matter surface.

2. Creating the source space file in fif format.

3. Creating ascii versions of the source space file for viewing with
MRIlab.

All of the above is accomplished with the convenience script
mne_setup_source_space. This script assumes that:

1. The anatomical MRI processing has been completed as described in
Section 3.3.
2. The environment variable SUBJECTS_DIR is set correctly.

The script accepts the following options:

MSH-MNE
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--subject <subject>

Defines the name of the subject. If the environment variable SUB-
JECT is set correctly, this option is not required.

--morph <name>

Name of a subject in SUBJECTS_DIR. If this option is present, the
source space will be first constructed for the subject defined by the -
-subject option or the SUBJECT environment variable and then
morphed to this subject. This option is useful if you want to create a
source spaces for several subjects and want to directly compare the
data across subjects at the source space vertices without any mor-
phing procedure afterwards. The drawback of this approach is that
the spacing between source locations in the “morph” subject is not
going to be as uniform as it would be without morphing.

--spacing <spacing/mm>

Specifies the grid spacing for the source space in mm. If not set, a
default spacing of 7 mm is used. Either the default or a 5-mm spac-
ing is recommended.

--ico <number>

Instead of using the traditional method for cortical surface decima-
tion it is possible to create the source space using the topology of a
recursively subdivided icosahedron (<number> > 0) or an octahe-
dron (<number> < 0). This method uses the cortical surface inflated
to a sphere as a tool to find the appropriate vertices for the source
space. The benefit of the ——ico option is that the source space will
have triangulation information for the decimated vertices included,
which future versions of MNE software may be able to utilize. The
number of triangles increases by a factor of four in each subdivi-
sion, starting from 20 triangles in an icosahedron and 8 triangles in
an octahedron. Since the number of vertices on a closed surface is
Nyet = (ng;+4)/2, the number of vertices ink the kth sut;cclivision
of an icosahedron and an octahedron are 10 -4+ 2 and 4 +2,
respectively. The recommended values for <number> and the corre-
sponding number of source space locations are listed in Table 3.1.

--surface <name>

Name of the surface under the surf directory to be used. Defaults to
‘white’. mne_setup source space looks for files
rh.<name> and 1h.<name> under the surf directory.

--overwrite

An existing source space file with the same name is overwritten
only if this option is specified.

Compute the cortical patch statistics. This is need if current-density
estimates are computed, see Section 6.2.8. If the patch information
is available in the source space file the surface normal is considered
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to be the average normal calculated over the patch instead of the
normal at each source space location. The calculation of this infor-
mation takes a considerable amount of time because of the large
number of Dijkstra searches involved.

Sources per Source Surface area per
<number> hemi - 2
emisphere | spacing/ mm | source/mm
-5 1026 9.9 97
4 2562 6.2 39
-6 4098 49 24
5 10242 3.1 9.8

Table 3.1 Recommended subdivisions of an icosahedron and an
octahedron for the creation of source spaces. The approximate source
spacing and corresponding surface area have been calculated assuming a

1000-cm? surface area per hemisphere.

For example, to create the reconstruction geometry for Donald Duck with
a 5-mm spacing between the grid points, say

mne setup source space --subject duck donald \
—--spacing 5

As aresult, the following files are created into the bem directory:

1. <subject>-<spacing>-src.fif containing the source space descrip-
tion in fif format.

2. <subject>-<spacing>-lh.pnt and <subject>-<spacing>-rh.pnt
containing the source space points in MRIlab compatible ascii format.

3. <subject>-<spacing>-1lh.dip and <subject>-<spacing>-rh.dip
containing the source space points in MRIlab compatible ascii format.
These files contain ‘dipoles’, i.e., both source space points and cortex
normal directions.

4. If cortical patch statistics is requested, another source space file called
<subject>-<spacing>p-src.fif will be created.

Note: <spacing> will be the suggested source spacing in millimeters if
the ——spacing option is used. For source spaces based on kth subdivi-
sion of an icosahedron, <spacing> will be replaced by ico-k or oct-k,
respectively.

Tip: After the geometry is set up it is possible to check that the source
space points are located on the cortical surface. This can be easily done
with by loading the COR. fif file from mri/T1/neuromag/sets into
MRIlab and by subsequently overlaying the corresponding pnt or dip files
using Import/Strings or Import/Dipoles from the File menu, respectively.

MSH-MNE
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Tip: If the SUBJECT environment variable is set correctly it is usually
sufficient to run mne _setup source space without any options.

3.6 Creating the BEM model meshes

3.6.1

Calculation of the forward solution using the boundary-element model
(BEM) requires that the surfaces separating regions of different electrical
conductivities are tessellated with suitable surface elements. Our BEM
software employs triangular tessellations. Therefore, prerequisites for
BEM calculations are the segmentation of the MRI data and the triangula-
tion of the relevant surfaces.

For MEG computations, a reasonably accurate solution can be obtained
by using a single-compartment BEM assuming the shape of the intracra-
nial volume. For EEG, the standard model contains the intracranial space,
the skull, and the scalp.

At present, no bulletproof method exists for creating the triangulations.
Feasible approaches are described in Appendix A.

Setting up the triangulation files

The segmentation algorithms described in Appendix A produce either
FreeSurfer surfaces or triangulation data in text. Before proceeding to the
creation of the boundary element model, standard files (or symbolic links
created with the 1n -s command) have to be present in the subject’s bem
directory. If you are employing ASCII triangle files the standard file
names are:

inner_skull.tri
Contains the inner skull triangulation.

outer_skull.tri
Contains the outer skull triangulation.

outer_skin.tri
Contains the head surface triangulation.

The corresponding names for FreeSurfer surfaces are:

inner_skull.surf
Contains the inner skull triangulation.

outer_skull.surf
Contains the outer skull triangulation.
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outer_skin.surf
Contains the head surface triangulation.

Tip: Different methods can be employed for the creation of the individual
surfaces. For example, it may turn out that the watershed algorithm pro-
duces are better quality skin surface than the segmentation approach
based on the FLASH images. If this is the case, outer skin.surf can
set to point to the corresponding watershed output file while the other sur-
faces can be picked from the FLASH segmentation data.

Tip: The triangulation files can include name of the subject as a prefix
<subject name>-,e.g.,duck-inner skull.surf.

Tip: The mne_convert_surface utility described in Section 9.7 can be
used to convert text format triangulation files into the FreeSurfer surface
format.

Important: “Aliases” created with the Mac OSX finder are not equivalent
to symbolic links and do not work as such for the UNIX shells and MNE
programs.

3.7 Setting up the boundary-element model

This stage sets up the subject-dependent data for computing the forward
solutions:

1. The fif format boundary-element model geometry file is created. This
step also checks that the input surfaces are complete and that they are
topologically correct, i.e., that the surfaces do not intersect and that the
surfaces are correctly ordered (outer skull surface inside the scalp and
inner skull surface inside the outer skull). Furthermore, the range of tri-
angle sizes on each surface is reported. For the three-layer model, the
minimum distance between the surfaces is also computed.

2. Text files containing the boundary surface vertex coordinates are cre-
ated.

3. The the geometry-dependent BEM solution data are computed. This
step can be optionally omitted. This step takes several minutes to com-
plete.

This step assigns the conductivity values to the BEM compartments. For
the scalp and the brain compartments, the default is 0.3 S/m. The defalt
skull conductivity is 50 times smaller, i.e., 0.006 S/m. Recent publica-
tions, see Section 13.3, report a range of skull conductivity ratios ranging
from 1:15 (Oostendorp et al., 2000) to 1:25 - 1:50 (Slew et al., 2009,
Congalves et al., 2003). The MNE default ratio 1:50 is based on the typi-
cal values reported in (Congalves et al., 2003), since their approach is
based comparison of SEF/SEP measurements in a BEM model. The vari-
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ability across publications may depend on individual variations but, more
importantly, on the precision of the skull compartment segmentation.

This  processing  stage is  automated with  the  script
mne_setup_forward_model. This script assumes that:

1. The anatomical MRI processing has been completed as described in
Section 3.3.

2. The BEM model meshes have been created as outlined in Section 3.6.

3. The environment variable SUBJECTS_DIR is set correctly.

mne_setup_forward_model accepts the following options:

--subject <subject>
Defines the name of the subject. This can be also accomplished by
setting the SUBJECT environment variable.

--surf
Use the FreeSurfer surface files instead of the default ASCII trian-
gulation files. Please consult Section 3.6.1 for the standard file nam-
ing scheme.

--noswap

Traditionally, the vertices of the triangles in ‘tri’ files have been
ordered so that, seen from the outside of the triangulation, the verti-
ces are ordered in clockwise fashion. The fif files, however, employ
the more standard convention with the vertices ordered counter-
clockwise. Therefore, mne_setup_forward_model by default
reverses the vertex ordering before writing the fif file. If, for some
reason, you have counterclockwise-ordered tri files available this
behavior can be turned off by defining —-—noswap. When the fif file
is created, the vertex ordering is checked and the process is aborted
if it is incorrect after taking into account the state of the swapping.
Should this happen, try to run mne_setup_forward_model again
including the --noswap flag. In particular, if you employ the
seglab software to create the triangulations (see Appendix A), the —
-noswap flag is required. This option is ignored if —-surf is
specified

--ico <number>

This option is relevant (and required) only with the ——surf option
and if the surface files have been produced by the watershed algo-
rithm. The watershed triangulations are isomorphic with an icosahe-
dron, which has been recursively subdivided six times to yield
20480 triangles. However, this number of triangles results in a long
computation time even in a workstation with generous amounts of
memory. Therefore, the triangulations have to be decimated. Speci-
fying ——ico 4 yields 5120 triangles per surface while --ico 3
results in 1280 triangles. The recommended choice is -—ico 4.
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--homog

Use a single compartment model (brain only) instead a three layer
one (scalp, skull, and brain). Only the inner skull.tri trian-
gulation is required. This model is usually sufficient for MEG but
invalid for EEG. If you are employing MEG data only, this option is
recommended because of faster computation times. If this flag is
specified, the options —-brainc, --skullc, and —-scalpc are
irrelevant.

--brainc <conductivity/ S/m>
Defines the brain compartment conductivity. The default value is
0.3 S/m.

--skullc <conductivity/ S/m>
Defines the skull compartment conductivity. The default value is
0.006 S/m corresponding to a conductivity ratio 1/50 between the
brain and skull compartments.

--scalpc <conductivity/ S/m>
Defines the brain compartment conductivity. The default value is
0.3 S/m.

--innershift <value/mm>
Shift the inner skull surface outwards along the vertex normal direc-
tions by this amount.

--outershift <value/mm>
Shift the outer skull surface outwards along the vertex normal direc-
tions by this amount.

--scalpshift <value/mm>
Shift the scalp surface outwards along the vertex normal directions
by this amount.

--nosol
Omit the BEM model geometry dependent data preparation step.
This can be done later by running mne_setup_forward_model with-
out the ——nosol option.

--model <name>
Name for the BEM model geometry file. The model will be created
into the directory bem as <name>-bem. £if.If this option is miss-
ing, standard model names will be used (see below).

As a result of running the mne_setup_foward_model script, the following
files are created into the bem directory:

1. BEM model geometry specifications <subject>-<ntri-scalp>-<ntri-
outer_skull>-<ntri-inner_skull>-bem.fif or <subject>-<ntri-
inner_skull>-bem.fif containing the BEM geometry in fif format.
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The latter file is created if -homog option is specified. Here, <ntri-xxx>
indicates the number of triangles on the corresponding surface.

2. <subject>-<surface name>-<ntri>.pnt files are created for each of
the surfaces present in the BEM model. These can be loaded to MRIlab
to check the location of the surfaces.

3. <subject>-<surface name>-<ntri>.surf files are created for each of
the surfaces present in the BEM model. These can be loaded to tkmedit
to check the location of the surfaces.

4. The BEM ‘solution’ file containing the geometry dependent solution
data will be produced with the same name as the BEM geometry spec-
ifications with the ending -bem-sol.fif. These files also contain all
the information in the -bem. £if files.

After the BEM is set up it is advisable to check that the BEM model
meshes are correctly positioned. This can be easily done with by loading
the COR fif file from mri/T1-neuromag/sets into MRIlab and by subse-
quently overlaying the corresponding pnt files using Import/Strings from
the File menu.

Tip: The FreeSurfer format BEM surfaces can be also viewed with the
tkmedit program which is part of the FreeSurfer distribution.

Tip: If the SUBJECT environment variable is set, it is usually sufficient to
run mne_setup forward model without any options for the three-
layer model and with the ——homog option for the single-layer model. If
the input files are FreeSurfer surfaces, -—surf and --ico 4 are
required as well.

Tip: With help of the -—nosol option it is possible to create candidate
BEM geometry data files quickly and do the checking with respect to the
anatomical MRI data. When the result 1is  satisfactory,
mne_setup_forward_model can be run without ——nosol to invoke the
time-consuming calculation of the solution file as well.

Note: The triangle meshes created by the seglab program have counter-
clockwise vertex ordering and thus require the --noswap option.

Note: Up to this point all processing stages depend on the anatomical
(geometrical) information only and thus remain identical across different
MEG studies.

3.8 Setting up the MEG/EEG analysis directory

The remaining steps require that the actual MEG/EEG data are available.
It is recommended that a new directory is created for the MEG/EEG data
processing. The raw data files collected should not be copied there but
rather referred to with symbolic links created with the 1n -s command.
Averages calculated on-line can be either copied or referred to with links.
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Tip: If you don’t know how to create a directory, how to make symbolic
links, or how to copy files from the shell command line, this is a perfect
time to learn about this basic skills from other users or from a suitable ele-
mentary book before proceeding.

3.9 Preprocessing the raw data

3.9.1

The following MEG and EEG data preprocessing steps are recommended:

1. The coding problems on the trigger channel STI 014 may have to fixed,
see Section 3.9.1.

2. EEG electrode location information and MEG coil types may need to
be fixed, see Section 3.9.2.

3. The data may be optionally downsampled to facilitate subsequent pro-
cessing, see Section 3.9 4.

4. Bad channels in the MEG and EEG data must be identified, see
Section 3.9.3

5. The data has to be filtered to the desired passband. If mne_browse_raw
or mne_process_raw is employed to calculate the offline averages and
covariance matrices, this step is unnecessary since the data are filtered
on the fly. For information on these programs, please consult
Chapter 4.

6. For evoked-response analysis, the data has to be re-averaged off line,
see Section 3.9.5.

Cleaning the digital trigger channel

The calibration factor of the digital trigger channel used to be set to a
value much smaller than one by the Neuromag data acquisition software.
Especially to facilitate viewing of raw data in graph it is advisable to
change the calibration factor to one. Furthermore, the eighth bit of the
trigger word is coded incorrectly in the original raw files. Both problems
can be corrected by saying:

mne_ fix stiml4 <raw file>

More information about mne_fix_stiml4 is available in Section 11.4.2. It
is recommended that this fix is included as the first raw data processing
step. Note, however, the mne_browse_raw and mne_process_raw always
sets the calibration factor to one internally.

Note: If your data file was acquired on or after November 10, 2005 on the
Martinos center Vectorview system, it 1S not necessary to use
mne_fix_stiml14.
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3.9.2

3.9.3

Fixing channel information

There are two potential discrepancies in the channel information which
need to be fixed before proceeding:

1. EEG electrode locations may be incorrect if more than 60 EEG chan-
nels are acquired.
2. The magnetometer coil identifiers are not always correct.

These potential problems can be fixed with the utilities
mne_check_eeg_locations and mne_fix_mag_coil_types, see Sections
1143 and 11.4.4.

Designating bad channels

Sometimes some MEG or EEG channels are not functioning properly for
various reasons. These channels should be excluded from the analysis by
marking them bad using the mne_mark_bad_channels utility, see
Section 11.4.1. Especially if a channel is not show a signal at all (flat) it is
most important to exclude it from the analysis, since its noise estimate
will be unrealistically low and thus the current estimate calculations will
give a strong weight to the zero signal on the flat channels and will essen-
tially vanish. It is also important to exclude noisy channels because they
can possibly affect others when signal-space projections or EEG average
electrode reference is employed. Noisy bad channels can also adversely
affect off-line averaging and noise-covariance matrix estimation by caus-
ing unnecessary rejections of epochs.

Recommended ways to identify bad channels are:

1. Observe the quality of data during data acquisition and make notes of
observed malfunctioning channels to your measurement protocol
sheet.

2. View the on-line averages and check the condition of the channels.

3. Compute preliminary off-line averages with artefact rejection, signal-
space projection, and EEG average electrode reference computation off
and check the condition of the channels.

4. View raw data in mne_process_raw or the Neuromag signal processor
graph without signal-space projection or EEG average electrode refer-
ence computation and identify bad channels.

Important: It is strongly recommended that bad channels are identified
and marked in the original raw data files. If present in the raw data files,
the bad channel selections will be automatically transferred to averaged
files, noise-covariance matrices, forward solution files, and inverse opera-
tor decompositions.
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3.9.4

3.9.5

Downsampling the MEG/EEG data

The minimum practical sampling frequency of the Vectorview system is
600 Hz. Lower sampling frequencies are allowed but result in elevated
noise level in the data. It is advisable to lowpass filter and downsample the
large raw data files often emerging in cognitive and patient studies to
speed up subsequent processing. This can be accomplished with the
mne_process_raw and mne_browse_raw software modules. For details,
see Sections 4.2.3 and 4.4.3.

Tip: It is recommended that the original raw file is called <name>_raw fif
and the downsampled version <name>_ds_raw.fif, respectively.

Off-line averaging

The recommended tools for off-line averaging are mne_browse_raw and
mne_process_raw. mne_browse_raw is an interactive program for averag-
ing and noise-covariance matrix computation. It also includes routines for
filtering so that the downsampling and filtering steps can be skipped.
Therefore, with mne_browse_raw you can produce the off-line average
and noise-covariance matrix estimates directly. The batch-mode version
of mne_brawse_raw is called mne_process_raw. Detailed information on
mne_browse_raw and mne_process_raw can be found in Chapter 4.

3.10 Aligning the coordinate frames

The calculation of the forward solution requires knowledge of the relative
location and orientation of the MEG/EEG and MRI coordinate systems.
The MEG/EEG head coordinate system is defined in Section 5.3. The
conversion tools included in the MNE software take care of the idiosyn-
crasies of the coordinate frame definitions in different MEG and EEG sys-
tems so that the fif files always employ the same definition of the head
coordinate system.

Ideally, the head coordinate frame has a fixed orientation and origin with
respect to the head anatomy. Therefore, a single MRI-head coordinate
transformation for each subject should be sufficient. However, as
explained in Section 5.3, the head coordinate frame is defined by identify-
ing the fiducial landmark locations, making the origin and orientation of
the head coordinate system slightly user dependent. As a result, the most
conservative choice for the definition of the coordinate transformation
computation is to re-establish it for each experimental session, i.e., each
time when new head digitization data are employed.

The interactive source analysis software mne_analyze provides tools for
coordinate frame alignment, see Chapter 7. Section 12.11 also contains
tips for using mne_analyze for this purpose.
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3.1

Another useful tool for the coordinate system alignment is MRIlab, the
Neuromag MEG-MRI integration tool. Section 3.3.1 of the MRIlab
User’s Guide, Neuromag P/N NM20419A-A contains a detailed descrip-
tion of this task. Employ the images in the set mri/T1l-neuromag/
sets/COR. fif for the alignment. Check the alignment carefully using
the digitization data included in the measurement file as described in Sec-
tion 5.3.1 of the above manual. Save the aligned description file in the
same directory as the original description file without the alignment infor-
mation but under a different name.

Warning: This step is extremely important. If the alignment of the coor-
dinate frames is inaccurate all subsequent processing steps suffer from the
error. Therefore, this step should be performed by the person in charge of
the study or by a trained technician. Written or photographic documenta-
tion of the alignment points employed during the MEG/EEG acquisition
can also be helpful.

Computing the forward solution

After the MRI-MEG/EEG alignment has been set, the forward solution,
i.e., the magnetic fields and electric potentials at the measurement sensors
and electrodes due to dipole sources located on the cortex, can be calcu-
lated with help of the convenience script mne_do_forward_solution. This
utility accepts the following options:

--subject <subject>
Defines the name of the subject. This can be also accomplished by
setting the SUBJECT environment variable.

--Src <name>
Source space name to use. This option overrides the ——spacing
option. The source space is searched first from the current working
directory and then from $SUBJECTS_DIR/<subject>/bem. The
source space file must be specified exactly, including the £if exten-
sion.

--spacing <spacing/mm> or ico-<number or oct-<number>
This is an alternate way to specify the name of the source space file.
For example, if —-spacing 6 is given on the command line, the
source space files searched for are./<subject>-6-src.fif and
$SUBJECTS_ DIR/$SUBJECT/bem/<subject>-6-src fif. The first
file found is used. Spacing defaults to 7 mm.

--bem <name>
Specifies the BEM to be used. The name of the file can be any of
<name>, <name>-bem.fif, <name>-bem-sol.fif. The file is
searched for from the current working directory and from bem. If
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this option is omitted, the most recent BEM file in the bem directory
is used.

--mri <name>

The name of the MRI description file containing the MEG/MRI
coordinate transformation. This file was saved as part of the align-
ment procedure outlined in Section 3.10. The file is searched for
from the current working directory and from mri/T1-neuro-
mag/sets. The search order for MEG/MRI coordinate transforma-
tions is discussed below.

--trans <name>

The name of a text file containing the 4 x 4 matrix for the coordinate
transformation from head to mri coordinates, see below. If the
option ——trans is present, the ——mri option is not required. The
search order for MEG/MRI coordinate transformations is discussed
below.

--meas <name>

This file is the measurement fif file or an off-line average file pro-
duced thereof. It is recommended that the average file is employed
for evoked-response data and the original raw data file otherwise.
This file provides the MEG sensor locations and orientations as well
as EEG electrode locations as well as the coordinate transformation
between the MEG device coordinates and MEG head-based coordi-
nates.

--fwd <name>

This file will contain the forward solution as well as the coordinate
transformations, sensor and electrode location information, and the
source space data. A name of the form <name>-fwd.fif is rec-
ommended. If this option is omitted the forward solution file name
is automatically created from the measurement file name and the
source space name.

--destdir <directory>

Optionally specifies a directory where the forward solution will be
stored.

--mindist <dist/mm>

Omit source space points closer than this value to the inner skull
surface. Any source space points outside the inner skull surface are
automatically omitted. The use of this option ensures that numerical
inaccuracies for very superficial sources do not cause unexpected
effects in the final current estimates. Suitable value for this parame-
ter is of the order of the size of the triangles on the inner skull sur-
face. If you employ the seglab software to create the triangulations,
this value should be about equal to the wish for the side length of
the triangles.
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--megonly
Omit EEG forward calculations.

--eegonly
Omit MEG forward calculations.

--all
Compute the forward solution for all vertices on the source space.

--overwrite
Overwrite the possibly existing forward model file.

--help
Show usage information for the script.

The MEG/MRI transformation is determined by the following search
sequence:

1. If the ——mri option was present, the file is looked for literally as spec-
ified, in the directory of the measurement file specified with the —-
meas option, and in the directory $SUBJECTS_DIR/$SUBJECT/mri/
T1-neuromag/sets. If the file is not found, the script exits with an error
message.

2. If the ——trans option was present, the file is looked up literally as
specified. If the file is not found, the script exists with an error mes-
sage.

3. If neither —-mri nor ——trans option was not present, the following
default search sequence is engaged:

a. The .fif ending in the measurement file name is replaced by -
trans.fif. If this file is present, it will be used.

b. The newest file whose name ends with —trans.fif in the direc-
tory of the measurement file is looked up. If such a file is present, it
will be used.

c. The newest file whose name starts with COR- in directory
$SUBJECTS_DIR/$SUBJECT/mri/T1-neuromag/sets is looked up.
If such a file is present, it will be used.

d. If all the above searches fail, the script exits with an error message.

This search sequence is designed to work well with the MEG/MRI trans-
formation files output by mne_analyze, see Section 7.16. It is recom-
mended that -trans fif file saved with the Save default and Save... options
in the mne_analyze alignment dialog are used because then the
$SUBJECTS_DIR/$SUBJECT directory will be composed of files which
are dependent on the subjects’s anatomy only, not on the MEG/EEG data
to be analyzed.

Tip: If the standard MRI description file and BEM file selections are
appropriate and the 7-mm source space grid spacing is appropriate, only
the —-meas option is necessary. If EEG data is not used —-megonly
option should be included.
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Tip: If it is conceivable that the current-density transformation will be
incorporated into the inverse operator, specify a source space with patch
information for the forward computation. This is not mandatory but saves
a lot of time when the inverse operator is created, since the patch informa-
tion does not need to be created at that stage.

Tip: The MEG head to MRI transformation matrix specified with the —-
trans option should be a text file containing a 4-by-4 matrix:

Ry Ryp Rys x
T = [R13 Ri3 Ri3 0
Ri3 Ry3 Ry3 2
O 0 0 1

defined so that if the augmented location vectors in MRI head and MRI
coordinate systems are denoted by r, 4 = and

. |:x head Vhead “head 1i|
respectively,

IMRI = |:XMRI YMRI ZMRI 1} ’
'MRI = TThead

Note: It is not possible to calculate an EEG forward solution with a sin-
gle-layer BEM.

3.12 Setting up the noise-covariance matrix

The MNE software employs an estimate of the noise-covariance matrix to
weight the channels correctly in the calculations. The noise-covariance
matrix provides information about field and potential patterns represent-
ing uninteresting noise sources of either human or environmental origin.

The noise covariance matrix can be calculated in several ways:

1. Employ the individual epochs during off-line averaging to calculate the
full noise covariance matrix. This is the recommended approach for
evoked responses.

2. Employ empty room data (collected without the subject) to calculate
the full noise covariance matrix. This is recommended for analyzing
ongoing spontaneous activity.

3. Employ a section of continuous raw data collected in the presence of
the subject to calculate the full noise covariance matrix. This is the rec-
ommended approach for analyzing epileptic activity. The data used for
this purpose should be free of technical artifacts and epileptic activity
of interest. The length of the data segment employed should be at least
20 seconds. One can also use a long (> 200 s) segment of data with epi-
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leptic spikes present provided that the spikes occur infrequently and
that the segment is apparently stationary with respect to background
brain activity.

The new raw data processing tools, mne_browse_raw or
mne_process_raw include computation of noise-covariance matrices both
from raw data and from individual epochs. For details, see Chapter 4.

3.13 Calculating the inverse operator decomposition

The MNE software doesn’t calculate the inverse operator explicitly but
rather computes an SVD of a matrix composed of the noise-covariance
matrix, the result of the forward calculation, and the source covariance
matrix. This approach has the benefit that the regularization parameter
(‘SNR’) can be adjusted easily when the final source estimates or dSPMs
are computed. For mathematical details of this approach, please consult
Section 6.2.

This computation stage is facilitated by the convenience script
mne_do_inverse_operator. It invokes the program mne_inverse_operator
with appropriate options, derived from the command line of
mne_do_inverse_operator.

mne_do_inverse_operator assumes the following options:

--fwd <name of the forward solution file>
This is the forward solution file produced in the computations step
described in Section 3.11.

--meg
Employ MEG data in the inverse calculation. If neither --meg nor
—--eegq is set only MEG channels are included.

--eeg
Employ EEG data in the inverse calculation. If neither —-meg nor -
—-eeq is set only MEG channels are included.

--fixed
Use fixed source orientations normal to the cortical mantle. By
default, the source orientations are not constrained. If ——fixed is
specified, the —-—-1oose flag is ignored.

--loose <amount>
Use a ‘loose’ orientation constraint. This means that the source
covariance matrix entries corresponding to the current component
normal to the cortex are set equal to one and the transverse compo-
nents are set to <amount>. Recommended value of amount is
0.1...0.6.
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--depth
Employ depth weighting with the standard settings. For details, see
Sections 6.2.10 and 6 4.

--bad <name>

Specifies a text file to designate bad channels, listed one channel
name (like MEG 1933) on each line of the file. Be sure to include
both noisy and flat (non-functioning) channels in the list. If bad
channels were designated using mne_mark_bad_channels in the
measurement file which was specified with the —-meas option
when the forward solution was computed, the bad channel informa-
tion will be automatically included. Also, any bad channel informa-
tion in the noise-covariance matrix file will be included.

--noisecov <name>

Name of the noise-covariance matrix file computed with one of the
methods described in Section 3.12. By default, the script looks for a
file whose name is derived from the forward solution file by replac-
ing its ending —<anything>-fwd.£fif by —cov.fif. If this file
contains a projection operator, which will automatically attached to
the noise-covariance  matrix by  mne_browse_raw  and
mne_process_raw, N0 —--proj option is necessary because
mne_inverse_operator will automatically include the projectors
from the noise-covariance matrix file. For backward compatibility, -
-senscov can be used as a synonym for --noisecov.

--noiserank <value>
Specifies the rank of the noise covariance matrix explicitly rather
than trying to reduce it automatically. This option is sheldom
needed,

--megreg <value>
Regularize the MEG part of the noise-covariance matrix by this
amount. Suitable values are in the range 0.05...0.2. For details, see
Section 6.2.4.

--eegreg <value>
Like —--megreg but applies to the EEG channels.

--diagnoise
Omit the off-diagonal terms of the noise covariance matrix. This
option is irrelevant to most users.

--fmri <name>
With help of this w file, an a priori weighting can be applied to the
source covariance matrix. The source of the weighting is usually
fMRI but may be also some other data, provided that the weighting
can be expressed as a scalar value on the cortical surface, stored in a
w file. It is recommended that this w file is appropriately smoothed
(see Section 8.3) in mne_analyze, tksurfer or with mne_smooth_w
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to contain nonzero values at all vertices of the triangular tessellation
of the cortical surface. The name of the file given is used as a stem
of the w files. The actual files should be called <name>-1h.pri
and <name>-rh.pri for the left and right hemisphere weight
files, respectively. The application of the weighting is discussed in
Section 6.2.11.

--fmrithresh <value>
This option is mandatory and has an effect only if a weighting func-
tion has been specified with the ——fmri option. If the value is in
the a priori files falls below this value at a particular source space
point, the source covariance matrix values are multiplied by the
value specified with the ——fmrioff option (default 0.1). Other-
wise it is left unchanged.

--fmrioff <value>
The value by which the source covariance elements are multiplied if
the a priori weight falls below the threshold set with --
fmrithresh, see above.

--srccov <name>
Use this diagonal source covariance matrix. By default the source
covariance matrix is a multiple of the identity matrix. This option is
irrelevant to most users.

--proj <name>
Include signal-space projection information from this file.

--inv <name>
Save the inverse operator decomposition here. By default, the script
looks for a file whose name is derived from the forward solution file
by replacing its ending -fwd.fif by <options>-inv.fif,
where <options> includes options --meg, --eeg, and --fixed with the
double dashes replaced by single ones.

--destdir <directory>
Optionally specifies a directory where the inverse operator will be
stored.

Important: If bad channels are included in the calculation, strange results
may ensue. Therefore, it is recommended that the data to be analyzed is
carefully inspected with to assign the bad channels correctly.

Tip: For convenience, the MNE software includes bad-channel designa-
tion files which can be used to ignore all magnetometer or all gradiometer
channels in Vectorview measurements. These files are called
vv_grad_only.badand vv_mag only.bad, respectively. Both files
are located in SMNE_ROOT/share/mne/templates.
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3.14 Analyzing the data

Once all the preprocessing steps described above have been completed,
the inverse operator computed can be applied to the MEG and EEG data
and the results can be viewed and stored in several ways:

1.

The interactive analysis tool mne_analyze can be used to explore the
data and to produce quantitative analysis results, screen snapshots, and
QuickTime™ movie files. For comprehensive information on
mne_analyze, please consult Chapter 7.

. The command-line tool mne_make_movie can be invoked to produce

QuickTime movies and snapshots. mne_make_movie can also output
the data in the stc (movies) and w (snapshots) formats for subsequent
processing. Furthermore, subject-to-subject morphing is included in
mne_make_movie to facilitate cross-subject averaging and comparison
of data among subjects. mne_make_movie is described in Section 6.5,

. The command-line tool mne_make_movie can be employed to interro-

gate the source estimate waveforms from labels (ROIs).

. The mne_make_movie tool can be also used to create movies from stc

files and to resample stc files in time.

. The mne_compute_raw_inverse tool can be used to produce fif files

containing source estimates at selected ROIs. The input data file can be
either a raw data or evoked response MEG/EEG file, see Section 6.6.

. Using the MNE Matlab toolbox, it is possible to perform many of the

above operations in Matlab using your own Matlab code based on the
MNE Matlab toolbox. For more information on the MNE Matlab tool-
box, see Chapter 10.

. It is also possible to average the source estimates across subjects as

described in Chapter 8.
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CHAPTER 4

Processing raw data

4.1

Overview

The raw data processor mne_browse_raw is designed for simple raw data
viewing and processing operations. In addition, the program is capable of
off-line  averaging and estimation of covariance matrices.
mne_browse_raw can be also used to view averaged data in the topo-
graphical layout. Finally, mne_browse_raw can communicate with
mne_analyze described in Chapter 7 to calculate current estimates from
raw data interactively.

mne_browse_raw  has also an alias, mne_process_raw. If
mne_process_raw is invoked, no user interface appears. Instead, com-
mand line options are used to specify the filtering parameters as well as
averaging and covariance-matrix estimation command files for batch pro-
cessing. This chapter discusses both mne_browse_raw and
mne_process_raw.

4.2 Command-line options

4.2.1

This section first describes the options common to mne_browse_raw and
mne_process_raw. Thereafter, options unique to the interactive
(mne_browse_raw) and batch (mne_process_raw) modes are listed.

Common options

--version
Show the program version and compilation date.

--help
List the command-line options.

--cd <dir>
Change to this directory before starting.

MSH-MNE

41



n Processing raw data

--raw <name>
Specifies the raw data file to be opened. This option is required for
batch version, mne_process_raw. If a raw data file is not specified
for the interactive version, mne_browse_raw, and empty interactive
browser will open.

--grad <number>

Apply software gradient compensation of the given order to the data
loaded with the ——raw option. This option is effective only for data
acquired with the CTF and 4D Magnes MEG systems. If orders dif-
ferent from zero are requested for Neuromag data, an error message
appears and data are not loaded. Any compensation already existing
in the file can be undone or changed to another order by using an
appropriate ——grad options. Possible orders are 0 (No compensa-
tion), 1 - 3 (CTF data), and 101 (Magnes data). The same compen-
sation will be applied to all data files loaded by mne_process_raw.
For mne_browse_raw, this applies only to the data file loaded by
specifying the ——raw option. For interactive data loading, the soft-
ware gradient compensation is specified in the corresponding file
selection dialog, see Section 4.4.1.

--filtersize <size>

Adjust the length of the FFT to be applied in filtering. The number
will be rounded up to the next power of two. If the size is N, the
corresponding length of time is N/f, , where f, is the sampling
frequency of your data. The filtering procedure includes overlapping
tapers of length N/2 so that the total FFT length will actually be
2N . This value cannot be changed after the program has been
started.

--highpass <value/Hz>
Highpass filter frequency limit. If this is too low with respect to the
selected FFT length and, the data will not be highpass filtered. It is
best to experiment with the interactive version to find the lowest
applicable filter for your data. This value can be adjusted in the
interactive version of the program. The default is 0, i.e., no highpass
filter apart from that used during the acquisition will be in effect.

--highpassw <value/Hz>
The width of the transition band of the highpass filter. The default is
6 frequency bins, where one bin is f,/(2N) . This value cannot be
adjusted in the interactive version of the program.

--lowpass <value/Hz>
Lowpass filter frequency limit. This value can be adjusted in the
interactive version of the program. The default is 40 Hz.
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4.2.2

--lowpassw <value/Hz>
The width of the transition band of the lowpass filter. This value can
be adjusted in the interactive version of the program. The default is
5 Hz.

--filteroff
Do not filter the data. This initial value can be changed in the inter-
active version of the program.

--digtrig <name>
Name of the composite digital trigger channel. The default value is
‘STI 014’. Underscores in the channel name will be replaced by
spaces.

--digtrigmask <number>

Mask to be applied to the trigger channel values before considering
them. This option is useful if one wants to set some bits in a don’t
care state. For example, some finger response pads keep the trigger
lines high if not in use, i.e., a finger is not in place. Yet, it is conve-
nient to keep these devices permanently connected to the acquisition
system. The number can be given in decimal or hexadecimal format
(beginning with Ox or 0X). For example, the value 255 (OxFF)
means that only the lowest order byte (usually trigger lines 1 - 8 or
bits O - 7) will be considered.

Note: Multiple raw data files can be specified for mne_process_raw.

Note: Strictly speaking, trigger mask value zero would mean that all trig-
ger inputs are ignored. However, for convenience, setting the mask to zero
or not setting it at all has the same effect as OXFFFFFFFF, i.e., all bits set.

Tip: The digital trigger channel can also be set with the
MNE_TRIGGER_CH_NAME environment variable. Underscores in the
variable value will not be replaced with spaces by mne_browse_raw or
mne_process_raw. Using the --digtrig option supersedes the
MNE_TRIGGER_CH_NAME environment variable.

Tip: The digital trigger channel mask can also be set with the
MNE_TRIGGER_CH_MASK environment variable. Using the --
digtrigmask option supersedes the MNE_TRIGGER_CH_MASK
environment variable.

Interactive mode options

These options apply to the interactive (mne_browse_raw) version only.
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4.2.3

--allowmaxshield
Allow loading of unprocessed Elekta-Neuromag data with Max-
Shield on. These kind of data should never be used for source local-
ization without further processing with Elekta-Neuromag software.

--deriv <name>
Specifies the name of a derivation file. This overrides the use of a
standard derivation file, see Section 4.4.12.

--sel <name>
Specifies the channel selection file to be used. This overrides the use
of the standard channel selection files, see Section 4.5.5.

Batch-mode options
These options apply to the batch-mode version, mne_process_raw only.

--proj <name>
Specify the name of the file of the file containing a signal-space pro-
jection (SSP) operator. If ——pro7j options are present the data file is
not consulted for an SSP operator. The operator corresponding to
average EEG reference is always added if EEG data are present.

--projon
Activate the projections loaded. One of the options ——projon or -
-projoff must be present on the mne_processs_raw command
line.

--projoff
Deactivate the projections loaded. One of the options —-projon or
--projoff must be present on the mne_processs_raw command
line.

--makeproj
Estimate the noise subspace from the data and create a new signal-
space projection operator instead of using one attached to the data
file or those specified with the ——proj option. The following eight
options define the parameters of the noise subspace estimation.
More information on the signal-space projection can be found in
Section 4.16.

--projevent <no>
Specifies the events which identify the time points of interest for
projector calculation. When this option is present, ——projtmin
and --projtmax are relative to the time point of the event rather
than the whole raw data file.
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--projtmin <time/s>
Specify the beginning time for the calculation of the covariance
matrix which serves as the basis for the new SSP operator. This
option is required with ——-projevent and defaults to the begin-
ning of the raw data file otherwise. This option is effective only if -
-makeproj or ——saveprojtag options are present.

--projtmax <time/s>
Specify the ending time for the calculation of the covariance matrix
which serves as the basis for the new SSP operator. This option is
required with ——projevent and defaults to the end of the raw
data file otherwise. This option is effective only if ——makeproj or
--saveprojtag options are present.

--projngrad <number>
Number of SSP components to include for planar gradiometers
(default = 5). This value is system dependent. For example, in a
well-shielded quiet environment, no planar gradiometer projections
are usually needed.

--projnmag <number>
Number of SSP components to include for magnetometers / axial
gradiometers (default = 8). This value is system dependent. For
example, in a well-shielded quiet environment, 3 — 4 components
are need while in a noisy environment with light shielding even
more than 8 components may be necessary.

--projgradrej <value/ fT/cm>
Rejection limit for planar gradiometers in the estimation of the
covariance matrix frfixom which the new SSP operator is derived.
The default value is 2000 fT/cm. Again, this value is system depen-
dent.

--projmagrej <value/ fT>
Rejection limit for planar gradiometers in the estimation of the
covariance matrix from which the new SSP operator is derived. The
default value is 3000 fT. Again, this value is system dependent.

--saveprojtag <tag>
This option defines the names of files to hold the SSP operator. If
this option is present the ——makeproj option is implied. The SSP
operator file name is formed by removing the trailing .fif or
_raw. fif from the raw data file name by appending <tag> fif to
this stem. Recommended value for <fag> is —-proj.

--saveprojaug
Specify this option if you want to use the projection operator file
output in the Elekta-Neuromag Signal processor (graph) software.
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--eventsout <name>
List the digital trigger channel events to the specified file. By
default, only transitions from zero to a non-zero value are listed. If
multiple raw data files are specified, an equal number of —-event-
sout options should be present. If the file name ends with fif, the
output will be in fif format, otherwise a text event file will be output.

--allevents
List all transitions to file specified with the ——eventsout option.

--events <name>

Specifies the name of a fif or text format event file (see
Section 4.10.5) to be associated with a raw data file to be processed.
If multiple raw data files are specified, the number of —-events
options can be smaller or equal to the number of raw data files. If it
is equal, the event filenames will be associated with the raw data
files in the order given. If it is smaller, the remaining raw data files
for which an event file is not specified will not have an event file
associated with them. The event file format is recognized from the
file name: if it ends with . £if, the file is assumed to be in fif for-
mat, otherwise a text file is expected.

--ave <name>

Specifies the name of an off-line averaging description file. For
details of the format of this file, please consult Section 4.13. If mul-
tiple raw data files are specified, the number of —-ave options can
be smaller or equal to the number of raw data files. If it is equal, the
averaging description file names will be associated with the raw
data files in the order given. If it is smaller, the last description file
will be used for the remaining raw data files.

--saveavetag <tag>
If this option is present and averaging is evoked with the ——ave
option, the outfile and logfile options in the averaging description
file are ignored. Instead, trailing .fif or raw.fif is removed
from the raw data file name and <rag>.fif or <tag>.log is
appended to create the output and log file names, respectively.

--gave <name>
If multiple raw data files are specified as input and averaging is
requested, the grand average over all data files will be saved to
<name>.

--cov <name>
Specify the name of a description file for covariance matrix estima-
tion. For details of the format of this file, please see Section 4.14. If
multiple raw data files are specified, the number of —-cov options
can be smaller or equal to the number of raw data files. If it is equal,
the averaging description file names will be associated with the raw
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data files in the order given. If it is smaller, the last description file
will be used for the remaining raw data files.

--savecovtag <tag>

If this option is present and covariance matrix estimation is evoked
with the ——cowv option, the outfile and logfile options in the covari-
ance estimation description file are ignored. Instead, trailing . £if
or raw.fif isremoved from the raw data file name and <tag> fif
or <tag>.log is appended to create the output and log file names,
respectively. For compatibility with other MNE software scripts, ——
savecovtag -cov is recommended.

--savehere
If the —-saveavetag and --savecovtag options are used to
generate the file output file names, the resulting files will go to the
same directory as raw data by default. With this option the output
files will be generated in the current working directory instead.

--gcov <name>
If multiple raw data files are specified as input and covariance
matrix estimation is requested, the grand average over all data files
will be saved to <name>. The details of the covariance matrix esti-
mation are given in Section 4.17.

--save <name>

Save a filtered and optionally down-sampled version of the data file
to <name>. If multiple raw data files are specified, an equal number
of ——save options should be present. If <filename> ends with
.fif or _raw.fif, these endings are deleted. After these modifi-
cations, raw.fif is inserted after the remaining part of the file
name. If the file is split into multiple parts (see —-split option
below), the additional parts will be called <name>-<num-
ber> raw.fif

--split <size/MB>
Specifies the maximum size of the raw data files saved with the ——
save option. By default, the output is split into files which are just
below 2 GB so that the fif file maximum size is not exceed.

--anon
Do not include any subject information in the output files created
with the ——save option.

--decim <number>
The data are decimated by this factor before saving to the file speci-
fied with the —-save option. For decimation to succeed, the data
must be lowpass filtered to less than third of the sampling frequency
effective after decimation.
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4.3 The user interface

_Q ee X/ Browse and process...
File Adjust Process Windows 1
1

|

Remove dc| Keep de| Jump to: [1 j j j

MNo data loaded FReady o go..

Picked to : | |:WDDD

Average | i] ‘ 3_

Forget : ‘ |:WDDD

Figure 4.1 The user interface of mne_browse_raw
The mne_browse_raw user interface contains the following areas:
1. The menu bar.
2. The data display area.
3. Viewing and averaging tools.

4. Message line.

The viewing and averaging tools allow quick browsing of the raw data
with triggers, adding new triggers, and averaging on a single trigger.

4.4 The File menu

4.4.1 Open
Selecting Open from file menu pops up the dialog shown in Figure 4.2.

The Raw files and Maxfilter output buttons change the file name filter to
include names which end with raw.fif or sss.fif, respectively, to
facilitate selection of original raw files or those processed with the Neuro-
mag Maxfilter™ software
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The options under Software gradient compensation allow selection of the
compensation grade for the data. These selections apply to the CTF data
only. The standard choices are No compensation and Third-order gradient.
If other than No compensation is attempted for non-CTF data, an error
will be issued. The compensation selection affects the averages and noise-
covariance matrices subsequently computed. The desired compensation
takes effect independent of the compensation state of the data in the file,
i.e., already compensated data can be uncompensated and vice versa. For
more information on software gradient compensation please consult
Section 9.2 4.

The Keep the initial skip button controls how the initial segment of data
not stored in the raw data file is handled. During the MEG acquisition data
are collected continuously but saving to the raw data file is controlled by
the Record raw button. Initial skip refers to the segment of data between
the start of the recording and the first activation of Record raw. If Keep
initial skip is set, this empty segment is taken into account in timing, oth-
erwise time zero is set to the beginning of the data stored to disk.

When a raw data file is opened, the digital trigger channel is scanned for
events. For large files this may take a while.

Note: After scanning the trigger channel for events, mne_browse_raw and
mne_process_raw produce a fif file containing the event information. This
file will be called <raw data file name without fif extension>-eve.fif.
If the same raw data file is opened again, this file will be consulted for
event information thus making it unnecessary to scan through the file for
trigger line events.

Tip: You can produce the fif event file by running mne_process_raw as
follows: mne_process_raw --raw <raw data file>. The fif format
event files can be read and written with the mne_read_events and
mne_write_events functions in the MNE Matlab toolbox, see Chapter 10.
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O O O X Open a raw data file

Filter

“idata/sample-data/ME Gisamples_raw fif

Directories Files

L] ] sample_audvis_raw fif
i

. test_decim_raw fif
V1=V 2-MT
el ORETA
label
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List: Raw files | hecdilter output files

— Software gradient compensation

{7 Mo compensation

_) First-order gradient
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_) Third-order gradient

140 compensation # 1

I Keep the initial skip
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I iersimshidata’sample-data/MEGisample]

OK | Fiter | Cancel| Help |

4

Figure 4.2 The Open dialog.

4.4.2 Open evoked

4.4.3

This menu item brings up a standard file selection dialog to load evoked-
response data from files. All data sets from a file are loaded automatically
and display in the average view window, see Section 4.12. The data
loaded are affected by the scale settings, see, Section 4.5.2, the filter, see
Section 4.5.1, and the options selected in the Manage averages dialog, see
Section 4.15.

Save

It is possible to save filtered and projected data into a new raw data file.
When you invoke the save option from the file menu, you will be
prompted for the output file name and a down-sampling factor. The sam-
pling frequency after down-sampling must be at least three times the low-
pass filter corner frequency. The output will be split into files which are
just below 2 GB so that the fif file maximum size is not exceed.
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444

4.4.5

4.4.6

4.4.7

4.4.8

4.4.9

If <filename> ends with .fif or raw.fif, these endings are deleted.
After these modifications, raw.fif is inserted after the remaining part
of the file name. If the file is split into multiple parts, the additional parts
will be called <name>-<number> raw.fif. For downsampling and
saving options in mne_process_raw, see Section 4.2.3.

Change working directory

Brings up a file selection dialog which allows changing of the working
directory.

Read projection

Selecting Read projection... from the File menu, pops up a dialog to enter
a name of a file containing a signal-space projection operator to be applied
to the data. There is an option to keep existing projection items.

Note: Whenever EEG channels are present in the data, a projection item
corresponding to the average EEG reference is automatically added.
Save projection

The Save projection... item in the File menu pops up a dialog to save the
present projection operator into a file. Normally, the EEG average refer-
ence projection is not included. If you want to include it, mark the Include
EEG average reference option. If your MEG projection includes items for
both magnetometers and gradiometers and you want to use the projection
operator file output from here in the Neuromag Signal processor (graph)
software, mark the Enforce compatibility with graph option.

Apply bad channels

Applies the current selection of bad channels to the currently open raw
file.

Load events (text)

Reads a text format event file. For more information on events, see
Section 4.10.

Load events (fif)

Reads a fif format event file. For more information on events, see
Section 4.10.
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4.4.10

4.4.11

4412

Save events (text)

Brings up a a dialog to save all or selected types of events into a text file.
This file can be edited and used in the averaging and covariance matrix
estimation as an input file to specify the time points of events, see
Section 4.10.5. For more information on events, see Section 4.10.

Save events (fif)

Save the events in fif format. These binary event files can be read and
written with the mne_read_events and mne_write_events functions in the
MNE Matlab toolbox, see Chapter 10.For more information on events, see
Section 4.10.

Load derivations

This menu choice allows loading of channel derivation data files created
with the mne_make_derivations utility, see Section 11.5, or using the
interactive derivations editor in mne_browse_raw, see Section 4.5.4, Most
common use of derivations is to calculate differences between EEG chan-
nels, i.e., bipolar EEG data. Since any number of channels can be included
in a derivation with arbitrary weights, other applications are possible as
well. Before a derivation is accepted to use, the following criteria have to
be met:

1. All channels to be combined into a single derivation must have identi-
cal units of measure.

2. All channels in a single derivation have to be of the same kind, e.g.,
MEG channels or EEG channels.

3. All channels specified in a derivation have to be present in the currently
loaded data set.

Multiple derivation data files can be loaded by specifying the Keep previ-
ous derivations option in the dialog that specifies the derivation file to be
loaded. After a derivation file has been successfully loaded, a list of avail-
able derivations will be shown in a message dialog.

Each of the derived channels has a name specified when the derivation file
was created. The derived channels can be included in channel selections,
see Section 4.5.5. At present, derived channels cannot be displayed in
topographical data displays. Derived channels are not included in aver-
ages or noise covariance matrix estimation.

Note: If the file SHOME/ .mne/mne_browse raw-deriv.fif exists
and contains derivation data, it is loaded automatically when
mne_browse_raw starts unless the ——deriv option has been used to
specify a nonstandard derivation file, see Section 4.2.2.
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4.4.13

4.4.14

4.4.15

4.4.16

4.5

Save derivations

Saves the current derivations into a file.

Load channel selections

This choice loads a new set of channel selections. The default directory
for the selections is SHOME/.mne. If this directory does not exist, it will
be created before bringing up the file selection dialog to load the selec-
tions.

Save channel selections

This choice brings up a dialog to save the current channel selections. This
is particularly useful if the standard set of selections has been modified as
explained in Section 4.5.5. The default directory for the selections is
$HOME/.mne. If this directory does not exist, it will be created before
bringing up the file selection dialog to save the selections. Note that all
currently existing selections will be saved, not just those added to the ones
initially loaded.

Quit

Exits the program without questions asked.

The Adjust menu

4.5.1

Filter

Selecting Filter... from the Adjust menu pops up the dialog shown in
Figure 4.3.

000 X| Adjust filter

—Filter settings

Highpass (Hz) IDD

Lowpass (Hz) |4DD

Lowpass transition (Hz) ISD

W Filter active

oK

Apply | Cancel| Help |

&

Figure 4.3 The filter adjustment dialog.
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4.5.2

The items in the dialog have the following functions:

Highpass (Hz)

The half-amplitude point of the highpass filter. The width of the
transition from zero to one can be specified with the ——~high-
passw command-line option, see Section 4.2. Lowest feasible
highpass value is constrained by the length of the filter and sampling
frequency. You will be informed when you press OK or Apply if the
selected highpass could not be realized. The default value zero
means no highpass filter is applied in addition to the analog high-
pass present in the data.

Lowpass (Hz)
The half-amplitude point of the lowpass filter.

Lowpass transition (Hz) 5
The width of the cos™ -shaped transition from one to zero, centered
at the Lowpass value.

Filter active
Selects whether or not the filter is applied to the data.

The filter is realized in the frequency domain and has a zero phase shift.
When a filter is in effect, the value of the first sample in the file is sub-
tracted from the data to correct for an initial dc offset. This procedure also
eliminates any filter artifacts in the beginning of the data.

Note: The filter affects both the raw data and evoked-response data loaded
from files. However, the averages computed in mne_browse_raw and
shown in the topographical display are not refiltered if the filter is changed
after the average was computed.

Scales

Selecting Scales... from the Adjust menu pops up the dialog shown in
Figure 4 4.

54

MSH-MNE



Processing raw data n

X Adjust scales

— Settings for raw data, segments, and averages
WEG (fTfcm) |E4DD.D Time span () |1DD Scale magnification for averages | 4.0
MEG axmult (cm) ISDD I Show stimulus markers Average display baseline min (ms) | £100.0

EEG (V)

IESD.D SRR IE'D'SD Awerage display baseline max (ms] | 0.0
EOG (u¥) |E1SD.D Segrent ma time (s |1DD W Use average display baseline
ECG (mV)I

EMG (mV)

B W Autoscale time range
bliee ol I1 Text size |D1D

i

= I Show segments in full view Awerage time range min (ms) | 1o

I Show segments in sample view -
Igm Average fime range mex (ms)
. _I Show channel names

I Show viewport frames

I 3how zeroline and zerolevel

Apply Cancel Help

Figure 4.4 The Scales dialog.
The items in the dialog have the following functions:

MEG (fT/cm)
Sets the scale for MEG planar gradiometer channels in fT/cm. All
scale values are defined from zero to maximum, i.e., the viewport
where signals are plotted in have the limits £<scale value>.

MEG axmult (cm)
The scale for MEG magnetometers and axial gradiometers is
defined by multiplying the gradiometer scale by this number, yield-
ing units of fT.

EEG (LV)
The scale for EEG channels in uV'.

EOG (uV)
The scale for EOG channels in uV .

ECG (mV)
The scale for ECG channels in mV.

EMG (mV)
The scale for EMG channels in mV.

MISC (V)
The scale for MISC channels in V.
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Time span (s)
The length of raw data displayed in the main window at a time.

Show stimulus markers
Draw vertical lines at time points where the digital trigger channel
has a transition from zero to a nonzero value.

Segment min. time (s)
It is possible to show data segments in the topographical (full view)
layout, see below. This parameter sets the starting time point, rela-
tive to the selected time, to be displayed.

Segment max. time (s)
This parameter sets the ending time point, relative to the current
time, to be displayed in the topographical layout.

Show segments in full view
Switches on the display of data segments in the topographical lay-
out.

Show segments in sample view
Switches on the display of data segments in a “sidebar” to the right
of the main display.

Show channel names
Show the names of the channels in the topographical displays.

Text size
Size of the channel number text as a fraction of the height of each
viewport.

Show viewport frames
Show the boundaries of the viewports in the topographical displays.

Show zeroline and zerolevel
Show the zero level, i.e., the baseline level in the topographical dis-
plays. In addition, the zero time point is indicated in the average
views if it falls to the time range, i.e., if the minimum of the time
scale is negative and the maximum is positive.

Scale magnification for averages
For average displays, the scales are made more sensitive by this fac-
tor.

Average display baseline min (ms)
Sets the lower time limit for the average display baseline. This set-
ting does not affect the averages stored.
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4.5.3

4.5.4

Average display baseline max (ms)
Sets the upper time limit for the average display baseline. This set-
ting does not affect the averages stored.

Use average display baseline
Switches the application of a baseline to the displayed averages on
and off.

Average time range min (ms)
Sets the minimum time for the average display. This setting is inac-
tive if Autoscale time range is on.

Average time range max (ms)
Sets the maximum time for the average data display. This setting is
inactive if Autoscale time range is on.

Autoscale time range
Set the average display time range automatically to be long enough
to accommodate all data.

Colors

Shows a dialog which allows changes to the default colors of various dis-
play items.

Derivations

Brings up the interactive derivations editor. This editor can be used to add
or modify derived channels, i.e., linear combinations of signals actually
recorded. Channel derivations can be also created and modified using the
mne_make_derivations tool, see Section 11.5. The interactive editor con-
tains two main areas:

1. Interactive tools for specifying a channel linear combination. This tool
is limited to combining up to five channels in each of the derivations.
Clicking Add after defining the name of the new derivation, the weights
of the component channels and their names, adds the corresponding
arithmetic expression to the text area.

2. Text area which contains the currently defined derivations as arithmetic
expressions in a format identical to that used by
mne_make_derivations. These expressions can be manually edited
before accepting the new set of derivations. Initially, the text area will
contain the derivations already defined.

The Define button interprets the arithmetic expressions in the text area as
new derivations and closes the dialog. The Cancel button closes the dialog
without any change in the derivations.
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4.5.5

Recommended workflow for defining derived EEG channels and associ-
ated selections interactively involves the following steps:

1. If desired, EEG channels can be relabeled with descriptive names using
the mne_rename_channels utility, see Section 11.4.5. It is strongly rec-
ommended that you keep a copy of the channel alias file used by
mne_rename_channels. If necessary, you can then easily return to the
original channel names by running mne_rename_channels again with
the ——revert option.

2. Load the data file into mne_browse_raw and use the interactive deriva-
tions editor to create the desired derived channels. These are usually
differences between the signals in two EEG electrodes.

. Save the derivations from the file menu.

4. If desired, move the derivations file to the standard location ($SHOME /

.mne/mne browse raw-deriv.fif).

5. Create new channel selections employing the original and derived
channels using the channel selection tool described in Section 4.5.5.

6. Save the new channel selections from the file menu.

7. If desired, change the order of the channels in the selections in the
selection file by editing it in a text editor and move it to the standard
location SHOME/ .mne/mne browse raw.sel.

W

Selection

Brings up a dialog to select channels to be shown in the main raw data dis-
play. This dialog also allows modification of the set of channel selections
as described below.

By default, the available selections are defined by the file SMNE ROOT/
share/mne/mne browse raw/mne browse raw.sel. This
default channel selection file can be modified by copying the file into
SHOME/ .mne/mne_browse raw.sel. The format of this text file
should be self explanatory.
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O O O [X] Selections

Available selections

=

Left-temporal
Right-temporal
Left-parietal
Right-parietal
Left-occipital
Right-occipital
Left-frontal
Right-frantal
EEG 1-B64
EEG 1-32
EEG 33-64
EEG B5-95
EEG 37-128
MEG 01-02
MEG 03-04
MEG 05-06
MEG 07-08
MEG 09-10
MEG 11-12 -

Add.. | Omit current |

Done N Help ”

Figure 4.5 The channel selection dialog.

The channel selection dialog is shown in Figure 4.5. The number of items
in the selection list depends on the contents of your selection file. If the
list has the keyboard focus you can easily move from one selection to
another with the up and down arrow keys.

The two buttons below the channel selection buttons facilitate the modifi-
cation of the selections:

Add...
Brings up the selection dialog shown in Figure 4.6 to create new
channel selections.

Omit current
Delete the current channel selection. Deletion only affects the selec-
tions in the memory of the program. To save the changes perma-

nently into a file, use Save channel selections... in the File menu, see
Section 4 .4.15.
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® O O [x| Create a new selection

— Available channels

MEG 0113
MEG 0112
MEG 0111
MEG 0122
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MEG 0133
MEG 0131
MEG 0143
MEG 0142
MEG 0141
MEG 0213
MEG 0212
MEG 0211
MEG 0222
MEG 0223
MEG 0221
MEG 0232
MEG 0233
MEG 0231
MEG 0243
MEG 0242
MEG 0241
MEG 0313
MEG 0312
MEG 0311
MEG 0322
MEG 0323
MEG 0321 4

=

Regexp : II

Mame : IENew selection

Zelect Add | Done| Help |

4

Figure 4.6 Dialog to create a new channel selection.

The components of the selection creation dialog shown in Figure 4.6 have
the following functions:

List of channel names

The channels selected from this list will be included in the new
channel selection. A selection can be extended with the control key.
A range of channels can be selected with the shift key. The list con-
tains both the original channels actually present in the file and the
names of the channels in currently loaded derivation data, see
Section 4.4.12.

Regexp:

This provides another way to select channels. By entering here a
regular expression as defined in IEEE Standard 1003.2 (POSIX.2),
all channels matching it will be selected and added to the present
selection. An empty expression deselects all items in the channel
list. Some useful regular expressions are listed in Table 4.1. In the
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present version, regular matching does not look at the derived chan-
nels.

Name:
This text field specifies the name of the new selection.

Select
Select the channels specified by the regular expression. The same
effect can be achieved by entering return in the Regexp:.

Add
Add a new channel selection which contains the channels selected
from the channel name list. The name of the selection is specified
with the Name: text field.

Regular expression Meaning
MEG Selects all MEG channels.
EEG Selects all EEG channels.
MEG.*1$ Selects all MEG channels whose

names end with the number 1, i.e., all
magnetometer channels.

MEG.*[2,3]$ Selects all MEG gradiometer channels.

EEG|STI 014 Selects all EEG channels and stimulus
channel STI 014.

"M Selects all channels whose names

begin with the letter M.

Table 4.1 Examples of regular expressions for channel selections

Note: The interactive tool for creating the channel selections does not
allow you to change the order of the selected channels from that given by
the list of channels. However, the ordering can be easily changed by man-
ually editing the channel selection file in a text editor.

4.5.6 Full view layout

Shows a selection of available layouts for the topographical views (full
view and average display). The system-wide layout files reside in
SMNE ROOT/share/mne/mne analyze/lout. In addition any lay-
out files residing in $SHOME/ .mne/lout are listed. The default layout is
Vectorview-grad. If there is a layout file in the user’s private layout direc-
tory ending with —-default.lout, that layout will be used as the
default instead. The Default button returns to the default layout.

The format of the layout files is:
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4.5.7

4.5.8

<plot area limits>
<viewport definition #1>

<viewport definition #N>

The <plot area limits> define the size of the plot area (X_;;, X 0x Viin
Ymax ) Which should accommodate all view ports. When the layout is used,
the plot area will preserve its aspect ratio; if the plot window has a differ-

ent aspect ratio, there will be empty space on the sides.

The viewports define the locations of the individual channels in the plot.
Each viewport definition consists of

<number> x y, <width> <height> < name>[:<name>]...

where number is a viewport number (not used by the MNE software), x,,
and y, are the coordinates of the lower-left corner of the viewport,
<width> and <height> are the viewport dimensions, and <name> is a
name of a channel. Multiple channel names can be specified by separating
them with a colon.

When a measurement channel name is matched to a layout channel name,
all spaces are removed from the channel names and the both the layout
channel name and the data channel name are converted to lower case. In
addition anything including and after a hyphen (-) is omitted. The latter
convention facilitates using CTF MEG system data, which has the serial
number of the system appended to the channel name with a dash.
Removal of the spaces is important for the Neuromag Vectorview data
because newer systems do not have spaces in the channel names like the
original Vectorview systems did.

Tip: The mne_make_eeg_layout utility can be employed to create a layout
file matching the positioning of EEG electrodes, see Section 11.6.
Projection

Lists the currently available signal-space projection (SSP) vectors and
allows the activation and deactivation of items. For more information on
SSP, see Section 4.16.

Compensation

Brings up a dialog to select software gradient compensation. This over-

rides the choice made at the open time. For details, see Section 4.4.1,
above.
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4.5.9 Averaging preferences

X| Adjust averaging preferences

—Preferences

Starting time (ms) | t200.0

1

Ending time (ms) | 500.0

1

Ignare around stimulus {ms) | 0.0

WEG grad rejection (fT/cm) | zoo0.0 MEG grad no signal (fT/em] | 0.0

'
'

MEG mag rejection (T} |£1.0 MEG mag no signal (fT) | 0.0

1
1

EEG rejection (uv) |51.0 EEG no signal (uv) | 0.0
EQG rejection (uv) | 510 EQG no signal (uv) | 0.0
ECG rejection (mv) |£1.0 ECG no signal (mv) | 0.0

| Fix trigger skew

Trace color...
Done Apply Cancel Help

|
o | [

Figure 4.7 Averaging preferences.

Selecting Averaging preferences... from the Adjust menu pops up the dia-
log shown in Figure 4.7. These settings apply only to the simple averages
calculated with help of tools residing just below the main raw data dis-
play, see Section 4.11. These settings are also applied when a covariance
matrix is computed to create a SSP operator as described in Section 4.6.4

and in the computation of a covariance matrix from raw data, see
Section 4.6.3.

The items in the dialog have the following functions:

Starting time (ms)
Beginning time of the epoch to be averaged (relative to the trigger).

Ending time (ms)
Ending time of the epoch to be averaged.

Ignore around stimulus (ms)
Ignore this many milliseconds on both sides of the trigger when
considering the epoch. This parameter is useful for ignoring large
stimulus artefacts, e.g., from electrical somatosensory stimulation.

MEG grad rejection (fT/cm)
Rejection criterion for MEG planar gradiometers. If the peak-to-
peak value of any planar gradiometer epoch exceed this value, it
will be omitted. A negative value turns off rejection for a particular
channel type.
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MEG mag rejection (fT)
Rejection criterion for MEG magnetometers and axial gradiometers.

EEG rejection ( L V)
Rejection criterion for EEG channels.

EOG rejection ( 1 V)
Rejection criterion for EOG channels.

ECG rejection (mV)
Rejection criterion for ECG channels.

MEG grad no signal (fT/cm)
Signal detection criterion for MEG planar gradiometers. The peak-
to-peak value of all planar gradiometer signals must exceed this
value, for the epoch to be included. This criterion allows rejection of
data with saturated or otherwise dysfunctional channels.

MEG mag no signal (fT)
Signal detection criterion for MEG magnetometers and axial gradi-
ometers.

EEG no signal ( 1 V)
Signal detection criterion for EEG channels.

EOG no signal ( 1 V)
Signal detection criterion for EOG channels.

ECG no signal (mV)
Signal detection criterion for ECG channels.

Fix trigger skew
This option has the same effect as the FixSkew parameter in averag-
ing description files, see Section 4.13.2.

Trace color
The color assigned for the averaged traces in the display can be
adjusted by pressing this button.

4.6 The Process menu

4.6.1 Averaging

The Average... menu item pops up a file selection dialog to access a
description file for batch-mode averaging. The structure of these files is
described in Section 4.13. All parameters for the averaging are taken from
the description file, i.e., the parameters set in the averaging preferences
dialog (Section 4.5.9) do not effect the result.
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4.6.2

4.6.3

4.6.4

Estimation of a covariance matrix

The Compute covariance... menu item pops up a file selection dialog to
access a description file which specifies the options for the estimation of a
covariance matrix. The structure of these files is described in Section 4.14.

Estimation of a covariance matrix from raw data

The Compute raw data covariance... menu item pops up a dialog which
specifies a time range for raw data covariance matrix estimation and the
file to hold the result. If a covariance matrix is computed in this way, the
rejection parameters specified in averaging preferences are in effect. For
description of the rejection parameters, see Section 4.5.9. The time range
can be also selected interactively from the main raw data display by doing
a range selection with shift left button drag.

Creating a new SSP operator

The Create a new SSP operator... menu choice computes a new SSP oper-
ator as discussed in Section 4.16.2.

O O ) X Compute a new SSP operator

Start time (s) ID

End time (s) |§1DDD

Ewent to use (<= 0 for continuous) |—1
Compute Cancel | Help |

A

Figure 4.8 Time range specification for SSP operator calculation

When Create a new SSP operator... selected, a window shown in
Figure 4.8 1s popped up. It allows the specification of a time range to be
employed in the calculation of a raw data covariance matrix. The time
range can be also selected interactively from the main raw data display by
doing a range selection with shift left button drag. Normally, you should
use empty room data for this computation. For the estimation of the cova-
riance matrix any existing projection will be temporarily switched off.
Remember to inspect your data for bad channels and select an appropriate
filter setting before creating a new SSP operator. The artifact rejection
parameters specified averaging preferences will be applied in the covari-
ance matrix calculation, see Section 4.5.9.

Instead of using continuous raw data, it is also possible to employ short
epochs around triggers (events) in the calculation of the new SSP operator
by specifying a positive event number in the time specification dialog.
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This option is very useful, e.g., to remove MCG/ECG artifacts from the
data to facilitate detection of epileptic spikes:

1. Select left or right temporal channels to the display.

2. Mark several peaks of the MCG signal in the data: click on the first one
and control click on the subsequent ones to extend the selection.

3. Select an event number next to the Picked to button in the tool bar, see
Section 4.11, and click Picked to. As a result the lines marking the
events will change color (by default from green to blue) indicating
transition to user-created events.

4. Specify an epoch time range to be employed and the event number
selected in the previous step for the SSP operator calculation.

Once the parameters are set, click Compute to calculate a covariance
matrix according to you your specifications. Once the covariance matrix is
ready, the parts corresponding to magnetometer or axial gradiometer, pla-
nar gradiometer, and EEG channels are separated and the corresponding
eigenvectors and eigenvalues are computed. Once complete, a projection
selector with eight magnetometer eigenvectors, five planar gradiometer
eigenvectors, three EEG eigenvectors, as well as the existing projection
items is displayed.

Using the projection selector, you can experiment which vectors have a
significant effect on the noise level of the data. You should strive for using
a minimal number of vectors. When the selection is complete, you can
click Accept to introduce this selection of vectors as the new projection
operator. Discard abandons the set of calculated vectors. Whenever EEG
channels are present in the data, a projection item corresponding to the
average EEG reference is automatically added when a new projection
operator is introduced. More information on the SSP method can be found
in Section 4.16.

Note: The new projection data created in mne_browse_raw is not auto-
matically copied to the data file. You need to create a standalone projec-
tion file from File/Save projection... to save the new projection data and
load it manually after the data file has been loaded if you want to include
in any subsequent analysis.

Tip: The command-line options for mne_process_raw allow calculation
of the SSP operator from continuous data in the batch mode, see
Section 4.2.3.

4.7 The Windows menu

The Windows menu contains the following items:
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Show full view...
Brings up the topographical display of epochs extracted from the
raw data, see Section 4.12.

Show averages...
Brings up the topographical display showing averaged data. These
data may include data averaged in the current mne_browse_raw ses-
sion or those loaded from files, see Section 4.4.2.

Show event list...
Brings up a window containing a list of the currently defined events.
Clicking on an event in the list, the event is selected, a green cursor
appears at the event, and the event is brought to the middle of the
raw data display. The event list displayed can be also restricted to
user-defined events (annotations) and user-defined events can be
deleted. For further information, see Section 4.10.

Show annotator...
Brings up a window which allows adding new events to the data
with annotations or comments. For details, see Section 4.10.

Manage averages...
Brings up a dialog to control the averaged data sets, see
Section 4.15.

Start mne_analyze...
Start interaction between mne_browse_raw and mne_analyze . For
details, see Section 4.18.

Show head position
Starts mne_analyze in the head position visualization mode and
shows the relative position of the MEG sensor array and the head
using the data in the presently open raw data file. For more details
on the head position visualization mode, see Section 7.21.

Quit mne_analyze...
Quits the mne_analyze program started with Start mne_analyze...

4.8 The Help menu

The contents of the Help menu is shown in Figure 4.9:

MSH-MNE

67



n Processing raw data

Help |
" 'On version..
On license...

About current data...
Why the beep?

Figure 4.9 The Help menu.

On version...
Displays the version and compilation date of the program.

On license...
Displays the license information.

About current data...
Displays essential information about the currently loaded data set.

Why the beep?
In some simple error situations, mne_browse_raw does not pop up
an error dialog but refuses the action and rings the bell. The reason
for this can be displayed through this help menu item.

4.9 The raw data display

The main data displays shows a section of the raw data in a strip-chart
recorder format. The names of the channels displayed are shown on the
left. The selection of channels is controlled from the selection dialog, see
Section 4.5.5. The length of the data section displayed is controlled from
the scales dialog (Section 4.5.2) and the filtering from the filter dialog
(Section 4.5.1). A signal-space projection can be applied to the data by
loading a projection operator (Section 4.4.5). The selection of the projec-
tion operator items is controlled from the projection dialog described in
Section 4.5.7.

The control and browsing functions of the main data display are:

Selection of bad channels
If you click on a channel name the corresponding channel is marked
bad or reinstated as an acceptable one. A channel marked bad is not
considered in the artefact rejection procedures in averaging and it is
omitted from the signal-space projection operations.

Browsing
Browsing through the data. The section of data displayed can be
selected from the scroll bar at the bottom of the display. Additional
browsing functionality will be discussed n In addition, if the strip-
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4.9.1

chart display has the keyboard focus, you can scroll back and forth
with the page up and page down keys.

Selection of time points

When you click on the data with the left button, a vertical marker
appears. If Show segments in full view and/or Show segments in
sample view 1s active in the scales dialog (see Section 4.5.2), a dis-
play of an epoch of data specified in the scales dialog will appear.
For more information on full view, see Section 4.12. Multiple time
points can be selected by holding the control key down when click-
ing. If multiple time points are selected several samples will be
shown in the sample and/or full view, aligned at the picked time
point. The tool bar offers functions to operate on the selected time
points, see Section 4.11.

Range selection
Range selection. If you drag on the signals with the left mouse but-
ton and the shift key down, a range of times will be selected and dis-
played in the sample and/or full view. Note: All previous selections
are cleared by this operation.

Saving a copy of the display
The right mouse button invokes a popup menu which allows saving
of the display in various formats. Best quality is achieved with the
[lustrator format. This format has the benefit that it is object ori-
ented and can be edited in Adobe Illustrator.

Drag and drop
Graphics can be moved to one of the Elekta-Neuromag report com-
poser (cliplab) view areas with the middle mouse button.

Note: When selecting bad channels, switch the signal-space projection off
from the projection dialog. Otherwise bad channels may not be easily rec-
ognizable.

Note: The cliplab drag-and-drop functionality requires that you have the
proprietary Elekta-Neuromag analysis software installed.
mne_browse_raw is compatible with cliplab versions 1.2.13 and later.

Browsing data

If the strip-chart display has the input focus (click on it, if you are unsure)
the keyboard and mouse can be used to browse the data as follows:

Up and down arrow keys
Activate the previous or next selection in the selection list.
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Left and right arrow keys

If a single time point is selected (green line), move the time point
forward and backward by *1ms. If the shift key is down, the time
point is moved by £10ms . If the control key is down (with or with-
out shift), the time point is moved by +100ms . If mne_browse_raw
is controlling mne_analyze (see Section 4.18), the mne_analyze dis-
plays will be updated accordingly. If the picked time point falls out-
side the currently displayed section of data, the display will be
automatically scrolled backwards or forwards as needed.

Rotate the mouse wheel or rotate the trackball up/down
Activate the previous or next selection in the selection list.

Rotate the trackball left/right or rotate the wheel with shift down
Scroll backward or forward in the data by one screen. With Alt key
(Command or Apple key in the Mac keyboard), the amount of scroll-
ing will be 1s instead of the length of one screen. If shift key is held
down with the trackball, both left/right and up/down movements
scroll the data in time.

Note: The trackball and mouse wheel functionality is dependent on your
X server settings. On Mac OSX these settings are normally correct by
default but on a LINUX system some adjustments to the X server settings
maybe necessary. Consult your system administrator or Google for
details.

4.10 Events and annotations

4.10.1 Overview

In mne_browse_raw and mne_process_raw events mark interesting time
points in the data. When a raw data file is opened, a standard event file is
consulted for the list of events. If this file is not present, the digital trigger
channel, defined by the --digtrig option or the MNE_ TRIGGER CH NAME
environment variable is scanned for events. For more information, see
Sections 4.2.1 and 4.4.1.

In addition to the events detected on the trigger channel, it is possible to
associate user-defined events to the data, either by marking data points
interactively as described in Section 4.10.4 or by loading event data from
files, see Section 4.10.3. Especially if there is a comment associated with
a user-defined event, we will sometimes call it an annotation.

If a data files has annotations (user-defined events) associated with it in
mne_browse_raw, information about them is automatically saved to an
annotation file when a data file is closed, i.e., when you quit
mne_browse_raw or load a new data file. This annotation file is called
<raw data file name without fif extension>-annot.fif and will be
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stored in the same directory as the raw data file. Therefore, write permis-
sion to this directory is required to save the annotation file.

Both the events defined by the trigger channel and the user-defined events
have three properties:

1. The time when the event occurred.

2. The value on the trigger channel just before the change and now. For
user-defined events the value before is always zero and the current
value is user defined and does not necessarily reflect a change on the
trigger channel. The trigger channel events may also indicate changes
between two non-zero values and from a non-zero to zero. The event
list described in Section 4.10.2 shows only transitions from zero to a
non-zero value. Similarly, the Jump to item in the tool bar, described in
Section 4.11, only detects transitions from zero to a nonzero value.

3. An optional comment text, which is especially helpful in associating
user-defined events with real-world activity, e.g., the subject closing or
opening his/her eyes or an epileptic patient showing indications of a
seizure.

4.10.2 The event list

The Windows/Show event list... menu choice shows a window containing
a list of currently defined events. The list can be restricted to user-defined
events by checking User-defined events only. When an event is selected
from the list, the main display jumps to the corresponding time. If a user-
defined event is selected, it can be deleted with the Delete a user-defined
event button.

4.10.3 Loading and saving event files

Using the Load/Save events choices in the file menu, events can be saved
in text and fif formats, see Section 4.10.5, below. The loading dialogs
have the following options:

Match comment with
Only those events which will contain comments and in which the
comment matches the entered text are loaded. This filtering option
is useful, e.g., in loading averaging or covariance matrix computa-
tion log files, see Sections 4.13.2 and page 81. If the word omit is
entered as the filter, only events corresponding to discarded epochs
are loaded and the reason for rejection can be investigated in detail.

Add as user events
Add the events as if they were user-defined events. As a result, the
annotation file saved next time mne_browse_raw closes this raw file
will contain these events.
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4.10.4

Keep existing events
By default, the events loaded will replace the currently defined ones.
With this option checked, the loaded event will be merged with the
currently existing ones.

The event saving dialogs have the following options controlling the data
saved:

Save events read from the data file
Save only those event which are not designated as user defined.
These are typically the events corresponding to changes in the digi-
tal trigger channel. Another possible source for these events is an
event file manually loaded without the Add as user events option.

Save events created here
Save the user-defined events.

Save all trigger line transitions

By default only those events which are associate with a transition
from zero to non-zero value are saved. These include the user-
defined events and leading edges of pulses on the trigger line. When
this option is present, all events included with the two above options
are saved, regardless the type of transition indicated (zero to non-
zero, non-zero to another non-zero value, and non-zero value to
Zero).

Tip: If you have a text format event file whose content you want to
include as user-defined events and create the automatic annotation file
described in Section 4.10.1, proceed as follows:

1. Load the event file with the option Add as user events set.
2. Open another data file or quit mne_browse_raw.
3. Optionally remove unnecessary events using the event list dialog.

The directory in which the raw data file resides now contains an annota-
tion file which will be automatically loaded each time the data file is
opened. A text format event file suitable for this purpose can be created
manually, extracted from an EDF+ file using the --tal option in
mne_edf2fiff discussed in Section 9.2.8, or produced by custom software
used during data acquisition.

Defining annotated events

The Windows/Show annotator... shows a window to add annotated user-
defined events. In this window, the buttons in first column mark one or
more selected time points with the event number shown in the second col-
umn with an associated comment specified in the third column. Marking
also occurs when return is pressed on any of the second and third column
text fields.
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4.10.5

When the dialog is brought up for the first time, the file SHOME/.mne/
mne_browse_raw.annot is consulted for the definitions of the second and
third column values, i.e., event numbers and comments. You can save the
current definitions with the Save defs button and reload the annotation
definition file with Load defs. The annotation definition file may contain
comment lines starting with ‘%’ or ‘#’ and data lines which contain an
event number and an optional comment, separated from the event number
by a colon.

Tip: If you want to add a user-defined event without an a comment, you
can use the Picked to item in the tool bar, described in Section 4.11.

Event files

A text format event file contains information about transitions on the digi-
tal trigger line in a raw data file. Any lines beginning with the pound sign
(#) are considered as comments. The format of the event file data is:

<sample> <time> <from> <to> <text>
where

<sample> is the sample number. This sample number takes into account
the initial empty space in a raw data file as indicated by the
FIFF_FIRST_SAMPLE and/or FIFF_DATA_SKIP tags in the
beginning of raw data. Therefore, the event file contents are
independent of the Keep initial skip setting in the open dialog.
<time> is the time from the beginning of the file to this sample in sec-

onds.
<from> 1is the value of the digital trigger channel at <sample>-1.
<to> is the value of the digital trigger channel at <sample>.
<text> is an optional annotation associated with the event. This com-

ment will be displayed in the event list and on the message
line when you move to an event.

When an event file is read back, the <sample> value will be primarily
used to specify the time. If you want the <time> to be converted to the
sample number instead, specify a negative value for <sample>.

Each event file starts with a “pseudo event” where both <from> and <fo>
fields are equal to zero.

Warning: In previous versions of the MNE software, the event files did
not contain the initial empty pseudo event. In addition the sample num-
bers did not take into account the initial empty space in the raw data files.
The present version of MNE software is still backwards compatible with
the old version of the event files and interprets the sample numbers appro-
priately. However, the recognition of the old and new event file formats
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depends on the initial pseudo event and, therefore, this first event should
never be removed from the new event files. Likewise, if an initial pseudo
event with <from> and <to> fields equal to zero is added to and old event
file, the results will be unpredictable.

Note: If you have created Matlab, Excel or other scripts to process the
event files, they may need revision to include the initial pseudo event in
order for mne_browse_raw and mne_process_raw to recognize the edited
event files correctly.

Note: Events can be also stored in fif format. This format can be read and
written with the Matlab toolbox functions mne_read events and
mne_write_events.

4.11 The tool bar

startfs : | 0.0000 Rernove de| Keep de| Jumpto: [} J J J

sample_audvis_raw fif : Vertex : T = 0.0000 (2002-12-03 1401:53 676) .. 9.9998 5

Picked to: I 1000

Forget : IWDDD ‘Average ‘

Figure 4.10 The tool bar controls.

The tool bar controls are shown in Figure 4.10. They perform the follow-
ing functions:

start/s
Allows specification of the starting time of the display as a numeric
value. Note that this value will be rounded to the time of the nearest
sample when you press return. If you click on this text field, you can
also change the time with the up and down cursor keys (1/10 of the
window size), and the page up and down (or control up and down
cursor) keys (one window size).

Remove dc
Remove the dc offset from the signals for display. This does not
affect the data used for averaging and noise-covariance matrix esti-
mation.

Keep dc
Return to the original true dc levels.

Jump to
Enter a value of a trigger to be searched for. The arrow buttons jump
to the next event of this kind. A selection is also automatically cre-
ated and displayed as requested in the scales dialog, see
Section 4.5.2. If the ‘+  button is active, previous selections are
kept, otherwise they are cleared.
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Picked to
Make user events with this event number at all picked time points. It
is also possible to add annotated user events with help of the annota-
tion dialog. For further information, see Section 4.10.

Forget
Forget desired user events.

Average
Compute an average to this event.

The tool bar status line shows the starting time and the length of the win-
dow in seconds as well as the cursor time point. The dates and times in
parenthesis show the corresponding wall-clock times in the time zone
where mne_browse_raw is run.

Note: The wall-clock times shown are based on the information in the fif
file and may be offset from the true acquisition time by about 1 second.
This offset is constant throughout the file. The times reflect the time zone
setting of the computer used to analyze the data rather than the one use to
acquire them.

4.12 Topographical data displays

Segments of data can shown in a topographical layout in the Full view
window, which can be requested from the Scale dialog or from the Win-
dows menu. Another similar display is available to show the averaged
data. The topographical layout to use is selected from Adjust/Full view
layout..., which brings up a window with a list of available layouts. The
default layouts reside in $MNE ROOT/share/mne/mne anal