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M/EEG frequencies mm

»EEG and MEG signal is usually acquired at a high temporal sampling
frequency
e e.g., 250Hz to several kHz

»Not all frequencies in data reflect underlying neural sources

* e.g., motion can generate low frequencies, muscular activity generates high
frequencies

* Useful to filter out these frequencies during preprocessing

» Relevant frequencies would depend on study design/question




Different M/EEG study designs mm

» Evoked/event-related potentials
»Spontaneous activity / Oscillations
» Time-frequency

» Steady-state evoked potentials




Evoked/event-related potentials

[ —

»Large number of trials
» Time-locked average

» Typically seen in 1—10Hz
range

»Components: P100, N140,
P300, LPP

e.g., affective self-referential processing in meditators

Yes

Does this word
describe you?

joyful

7

t

No

Meditator pleasant == == == :CONtrol pleasant

4| s Meditator unpleasant  e= == == :Control unpleasant

Voltage (uV)

P200 " earlyLPP late LPP

Katyal, S., et al (2020). Event-related potential and behavioural differences in affective self-referential processing in long-
term meditators versus controls. Cognitive, Affective & Behavioral Neuroscience, 20(2), 326—339.
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Oscillations / spontaneous activity

A
I

» Continuous activity

» Extract different
frequency bands
corresponding to
mental functions

- Delta: 1-3 Hz

Theta: 4—-7 Hz

Alpha: 7-13 Hz

- Beta: 15-25 Hz
- Gamma: >30 Hz
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Katyal, S., & Goldin, P. (2021). Alpha and theta oscillations are inversely related to
progressive levels of meditation depth. Neuroscience of Consciousness, 2021(1), niab042.




Time-frequency

— Combination of time-locked and spectral analysis

5.1

1 ' L L
0 500 1000 1500 2000
Time (ms)
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Steady-state evoked potentials

A left & right B right D left
» Continuous stimulus 0 )O(b(;:
contains repeated )
. Left eye Right eye
fre q u e n C I e S 008 A‘ mixed=»dominant '
. . . [0} 1 [ fz 'f1 ol fl i /\V
— obtain response by filtering S ; 3
. . a 2 20
signal at those frequencies £ z
and linear combinations of g ; T %
. Frequency (Hz) ‘0-07_4 0 4.
those frequencies A
. . Adapt conflict
Katyal, S., Engel, S. A., He, B., & He, S. (2016). e.egr.éeOCtLiI!)ar:’ opponency neurons in visual e g N
Neurons that detect interocular conflict during p p o«
binocular rivalry revealed with EEG. Journal of Vision, *  mixed rivalry perce ption related to fZ-fl & Adapt conflict % Adapt match
16(3), 18-18. signal
Katyal, S., Vergeer, M., He, S., He, B., & Engel, S. A. * fz-f‘ll Si > nal specllflcallyﬂagdapt In exposure to
(2018). Conflict-sensitive neurons gate interocular rivairy Interocular contlict 1 5 02 S T
suppression in human visual cortex. Scientific I0CD loco
Reports, 8(1), 1239. f2-fi f1and f2
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Unexpected features of M/EEG data - m

Eye movements

Heartbeat

Participant head movement Physiological
Muscle Artefact

Poorly attached EEG electrode

SQUID Jump Non-physiological
50/60Hz Line Noise

11/05/2023 8




Filtering

»Removing frequencies not expected in the study \ l /

Low-pass High-pass

— Low-pass — remove high-frequency noise.

— High-pass — remove the DC offset and slow trends in / \ R /

the data. Band-pass Band-stop

— Notch (band-stop) — remove artefacts limited in frequency, most
commonly line noise and its harmonics.

— Band-pass — focus on the frequency of interest and remove the rest.
More suitable for relatively narrow frequency ranges.




Filtering examples

field intensity

field intensity

11/05/2023

channel C23 (EEG)

0 100 200 300 400
time (in ms after time onset)

Unfiltered

channel C23 (EEG)

0 100 200 300 400
time (in ms after time onset)

45Hz low-pass

field intensity

field intensity

channel C23 (EEG)

0 100 200 300 400
time (in ms after time onset)

5Hz high-pass

channel C23 (EEG)

0 100 200 300 400
time (in ms after time onset)

20Hz low-pass

field intensity

field intensity

channel C23 (EEG)

0 100 200 300 400
time (in ms after time onset)

10Hz high-pass

channel C23 (EEG)

0 100 200 300 400
time (in ms after time onset)

10Hz low-pass
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Downsampling

—Sampling rate: speed at which your data is recorded/sampled

— PROS:

— Speeds up analysis

—CONS:

— Aliasing: an effect that causes different signals to become indistinguishable
(or aliases of one another) when sampled

— Nyquist Frequency: Highest frequency that can be resolved without alisasing=
¥ of sampling rate




fh
Epoching m

Extracting segments around events
— What: event type, coded event value
— When: onset/offset time of events

Need to define:
— Segment borders
— Trial type (can be different triggers => single trial type)

— Shift of time zero of the trial with respect to the trigger (no shift by
default)

Note for SPM:

— only supports fixed length trials
— Performs baseline correction during epoching using negative times
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Re-referencing

—In EEG, voltages recorded at each electrode are relative to voltages
recorded at other electrodes.

—Best practice to use a common electrode to reference all electrodes
E.g. (average of) mastoids or Cz

—Can also use average of all channels, but harder to detect subtler
voltage changes

—Montage function can apply any linear weighting to the channels &
has a wider range of applications.
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Independent component analysis —

—Decompose data o I e
into different i A ot VSRS ot to S S iy SN
components 5

>

— Option not available P e
in SPM 2; ;WWWWWWWW”WMWWW
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Independent component analysis

—ldentify components
to reject

—e.g., eye blinks are

observed at frontal

electrodes
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Independent component analysis

— After eye blink
component removal

11/05/2023

o A 3
1183¢

0 I et - R e IRt g




@) @)

An Introduction to the SPM Interface T 2

OC:C)
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SPM interfaces

[ —

GUI Script

7 ) MATLAB 7.11.0 (R2010b)
File Edit Tett Go Cell Tools Debug Parallel Desktop Window t
DI % @9 o | & of Bl | @ | Current Folder: D:\Data\Neuro
Shortcuts [2] How to Add &) What's New
Convert ~ | |Timedfreque.. ~ Images.. ~ NEH & hg9 o YT aAGEE:
BB -0 |+ | =1 x| @
Preprocess..... v Average > Other... v 1-  |pm(rasrauics:, eeqt):
2
2|= s =11
a4 - s.D= [
5 'pfeses .mat'
3D Source Reconstr. DCM G \prescs N
7 'pfeses | .mat'
(] 'pfeses_ .mat’
9 'pfeses_ .mat’
10 'pfeses_ .mat’
Specify 1st-level Review il 1
12 - S.recode = 'same';
13 - D = spm_eeqg_merge (5}
Specify 2nd-level Estimate .
16 — 5 =11
17 = 5.D :\Data\Neur Sub01\ME]
18 - S.mechods (1) . fun
Results 19 -  S.mechods(l).channels = '
20 - S.methods (1) .settings.threshold = 0;
21 - S.methods (1) .settings.seqglength = 4;
22 - S.methods (2) .fun = * es]
23 - S.methods (2) .channels = *
24 — S.methods (2) .3ettings.threshold = 0.0001;
. 25 — S.badchanthresh = 0.2;
Display ™ Check Reg Render.. . ~ EEG ~ 2 |= D = spm_esg_artefact (s):
27
28
Toolbox: ™ PPIs ImCalc DICOM Import 20- 5
30 - 3. :\Data\Neuromag\Group\Processing\Sub01\ME!
Ny &= S.refchan = 'average'
Help Utils... ™ Batch Quit 32 - D = spm eeg_reref eeg(S);
33
34
Copyriaht 4202 E|= s =11
36 — s5.D 'D:\Data\Neuromag\Group\Processing\Sub0l\
37 - S.channels i 15
38 - S.frequencies [12345678 %1011 12 13 14
39 - S.timewin = [-Inf Inf];
spm eeg
41 - S.method 'morlet':
42 - S.settings.ncycles
43 - S.settings.timeres =
44 - S.settings.subsample
45 — D = spm_eeg_tf(S);
46
47
48 — 5 =
49 - 5.D
50 = S.robust
51 - S.review = H
52 - S.circularise = false;
= D = spm _eeg_average TF(S);
o4
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Batch alER

O o ey, ©

&

4\ Batch Editor - O x o) fore
File Edit View SPM BasiclO N
D& || P

Module List No Current Module

No Modules in Bat§alllINo Module selected 2 o \\“IIIII\\\\\\

(@]
O
O O
Con

CRmONCEx O

(@)
O D

Matlabbatch User Interface

* Menu and Toolbar

Accessed via GUI

Can be saved and
run within MATLAB
script 18



Add SPM to your MATLAB path

*Ulc

—SPMpath = ‘D:\spm12’;
—addpath(SPMpath);
—spm (‘defaults’, ‘eeg’)
—spm eeg




Open SPM
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4
<
Convert E Time-freque... ~  Images... 4
Preprocess.... ~¥  Average ~ . Other... ~
3D Source Reconstr. DCM
Specify 1st-level Review
Specify 2nd-level Estimate
Results
Display... ~ Check Reg Render._. ~  |EEG ~
Toolbox: i PPls ImCalc DICOM Import
Help Utils_. ! Batch Quit
-

& sPM12 (7771): Graphics -

File Edit View Insert Tools Desktop Window SPM Figure Help

Welcome to SPM12

Please refer to this version as "SPM12" in papers and communications.

O @]
O
o) Com—— —) o
o)
O c=0
L
O
@
O
ol o, O
o
CXmnOnC O
O
O 00

The SPM12 Manual and Relzase Notes are available as PDF documents in the man dirsctory of your SPM installation

Updates will be made available from time to time and advertised on the SPM mailing list. You can also check for updates
by clicking here.

We would love to hear your comments or bug reports - please contact us at <fil spm@ucl. ac. uk>

SPM is developed under the auspices of the Functional Imaging Laboratory (FIL), the Wellcome Centre for Human
Meurolmaging (WCHN), in the Institute of Neurology at University College London (UCL), UK.

SPM is free software; you can redistribute it andfor modify it under the terms of the GNU General Public Licence as
published by the Free Software Foundation; either version 2 of the Licence, or (at your option) any later version

E & @3B e e @ @ ®|Sea’c1 Documentation

Copyright (C) 1991,1994-2020 Wellcome Centre for Human Meurcimaging
The FIL Methods Group <fil. spm@ucl.ac.uk>

v
® x

CRLF script Ln 1 Cal 1
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Steps to cover

] spm_eeg_convert
CO nve rSIOn SPM12(7?’?1): Menu — O bt

Temporal pre-processing

Filtering
Downsampling
Epoching
Re-referencing for EEG
Artefacts correction

N o U s W he

Averaging

11/05/2023 21




Properties of M/EEG dataset mm —

D D.sensars D.sensors.meg D.channels

£ 1%1 struct with 16 fields

Field Value

‘continuous’
324481

—The contains a struct, named [, which is
converted to an meeg object by spm_eeg _load.

— Contains header information — sampling rate, channel
information, trial information, etc.

—The contains the , IS memory-
mapped and linked to the object in order to save
memory.

11/05/2023 22



Conversion

|4\ Batch Editor

File Edit View SPM BasiclO

4| Batch Edito

File Edit View SPM BasiclO

N = | h Temporal >
Module List Spatial ? rrent Module
Stats >
DCM >
M/EEG Conversion
Util Preprocessing >
Tools Averaging >
Edit Defaults Images >
Time-frequency >
Source reconstruction >
Modelling >
OPM Preprocessing >
Other >
v
W
< >

Matlabbatch User Interface

* Menu and Toolbar

11/05/2023

Dwd| b
Module List Current Module: Conversion
Conversion Help on: Conversion
File Name ...ds\SPM_CTF_MEG_example_faces1_3D.meg4
Reading mode
. Continuous
.. Read all
Channel selection
LAl
Output filename "
Event padding 0
Block size 3276800
Check trial boundaries Yes
Save original header No
Input data format autodetect
Current Item: File Name
DAMfD\MEG_templateSPMData\MEG\SPM_CTF_MEG_example_faces1_
< >
Specify. .
File Name
Select data set file.
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Data visualisation

[#] SPM12 (7771): Menu - m] ® [#] SPM12 (7771): Graphics - X [ Figure 2 - =

File Edit View Insert Tools Desktop Window Help

File Edit View Insert Tools Desktop Window SPM Figure Help o - =
EEE BIENNEIE::

Convert v| Timefieque v Images MEG |MPLAN..| MOOMB | OTHER | info | source | SAVE

EEG
» - Fe) Oy ] 4
|Preprocess..... V| ‘Average V| |Other... ||| ﬂl W‘ m @ I, T"f“ " I [I o 5 Ooooooooo g o
o) @ (o} OO o
0,%50,%0 0
- 0 O

o
oo - [o} o 2
| 3D Source Reconstr. | ‘ 04°
v N [¢) o
< ; o o 0
5 s
. ! s 0y & vy *
Specify 1st-level A O o SR .
e f o
Specify 2nd-level A 2 RO h&
2 v N _4
o $aliavs 2 A :
R
s o Y iy - a, P
8
TPy !
o ° 6 0700 &
=, - ¥ r = E
4 AT PR Ay 2005079167 (ms] | | g x10
X \
Copyright {c) 1991,1994-2020
N
4 SPm12 (7771} Graphics - X &
File Edit View Insert Tools Desktop Window SPM Figure Help - DA WA A QA AA A

EEG | MEG |MPLAN_|McOMB| OTHER | info | source | [ Prepare SPMile | _SAVE |

File name: DAMDIMEG_template SPMData\MEG\spmeeg_SPM_CTF_MEG_example_faces1_3D.mat
Type: continuous

Number of ime samples: 324481 (676.0021 sec, from 0.0020833s fo 676.0021s)

Time sampling frequency: 480 Hz

Number of channels: 340 (0 bad channels)
channels| trials I inv | history | A

S ,. Ly

= R v

Process [function c.. input file output file AL G Ana AP
1 spm_eeg... DAMID\... [this file] ALY A OO0, 0 o )

SN ; 1
AR A A AR A BRI A NP o e RN M . PN, e o

1 1/ 05/ 2023 1e+02 218402 ez 420402 528402 6.28+02




Filtering

Conversion

Filtering
Downsampling
Epoching
Re-referencing for EEG
Artefacts correction

N o U s W bhPeE

Averaging

11/05/2023

spm_eeg_filter
[#] SPM12 (7771): Menu

Temporal pre-processing

25




Filtering

|4\ Batch Editor

File Edit View SPM BasiclO

DEH ‘ [ Temporal >

Module List Spatial 4
c Stats >

Conversion
DCM >

M/EEG
Util
Tools

[# Batch Editor

0

Edit Defaults

Current Module: Conversion

Help on: Conversion

Conversion

...ds\SPM_CTF_MEG_example_faces1_3D.meg4

Preprocessing
Averaging

Images
Time-frequency
Source reconstruction
Modelling

OPM Preprocessing
Other

File Name
Select data set file.

Check tnal boun
Save original hea
Input data format

Current ltem: File Name|

D:AMfD\MEG_ten

Epoching

Prepare

Montage

Filter

Baseline correction
Artefact detection
Downsampling
Merging

Fusion

Combine planar
Data reduction
Crop

Remove bad trials
Define spatial confounds
Correct sensor data

0
3276800
Yes

No
autodetect

M_CTF_MEG_example_faces1_

Specify...

11/05/2023

File Edit View SPM BasiclO
D& Wb
Module List Current Medule: Filter
Conversion Help on: Filter
Filter DEP File Name DEP Conversion: Converted Datafile
Type Butterworth
Band Highpass
Cutoff(s) 0.1
Direction Zero phase
Order 5
Filename Prefix f
Current Item: File Name
Reference from
Conversion: Converted Datafile
Specify... Dependency
File Name
Select the EEG mat file.
26




Downsampling

Converting

Filtering
Downsampling
Epoching
Re-referencing for EEG
Artefacts correction

N o U s wWwhE

Averaging

11/05/2023

spm_eeg_downsample

[#] SPM12 (7771): Menu

Temporal pre-processing

27




Downsampling

4 Batch Editor

File Edit View SPM BasiclO

4 Batch Edito

File Edit View SPM BasiclO

Current Module: Filter

Help on: Filter

= R _

Conversion

DEP Conversion: Converted Datafile

D | = Temporal >
Module List Spatial ?
" Stats >
Conversion oeM ,
Filter
M/EEG
util
Tools
Edit Defaults
w
File Name
Select the EEG mat file.

- - Butterworth
Preprocessing Epoching .

i Highpass
Averaging Prepare 0.1
Images Montage .
Time-frequency Filter Zero phase
Source reconstruction Baseline correction 5
Modelling Artefact detection f
OPM Preprocessing Downsampling
Other Merging

Fusion
Combine planar
Data reduction
y Crop

Current Item: File Name
Remove bad trials

Reference from ] )

- Define spatial confounds
Conversion: Conv Correct sensor data
Specify... Dependency

11/05/2023

Ded b
Module List Current Module: Downsampling
Conversion R Help on: Downsampling
Filter DEP File Name DEP Filter: Filtered Datafile
Downsampling DEP New sampling rate 200
Resampling method resample
Filename Prefix d
Current Item: File Name
Reference from
Filter: Filtered Datafile
v Specify... Dependency
File Name
Select the M/EEG mat file.
28




Epoching

Converting

Filtering
Downsampling
Epoching
Re-referencing for EEG
Artefacts correction

N o v s wN R

Averaging

11/05/2023

spm_eeg_epochs
SPM12 (7771): Menu

Temporal pre-processing

29




Epoching

g

Trigger start |end |offset

& Batch Editor - ml x &
File Edit View |SPM BasiclO ~File Edit View SPM  BasiclO
Dz | b Temporal > = H b’
Module List Spatial > o L e T Module List Current Module: Epoching
[~ . | Stats > - ; . f
Conversion )] Help on: Downsampling ~ Conversion | Help on: Epoching _ ~
Filter 2] S DEP Filter: Filtered Datafile Filter DEP File Name DEP Downsampling: Pzwnsampled Datafile
Downsampl ~ VFE® i Conersion 200 Downsampling DEP How to define trials
il 3 il 3 i . . e .
:ml :'epm'fess'"g Epocmng resample Epoching DEP . Trial definition file ...MD\MEG_templateSPMData\MEG\trials_run1.mat
2 b . .
Ol_j 2 . R ] 'fptare d Baseline correction Yes
Edit Defalts mages S Event padding 0
Time-frequency 3 Filter "
: . ) Filename Prefix e
Source reconstruction ) Baseline correction
Medelling 3 Artefact detection
OPM Preprocessing Downsampling
Other 3 Merging
Fusion
Combine planar
Data reduction W
v
Current Item: File Name — Current Item: File Name
Reference from Remove ba.dmals ~ Reference from ~
ilter: Fi DDl e Downsampling: Downsampled Datafile
Filter: Filtered Da Correct sensor data pling: P
v v
v Specify. . Dependency v Specify... Dependency
File Name ~ File Name \ B
Select the M/EEG mat file. Select the M/EEG mat file.
b v

11/05/2023

|l | cohditionlabels | | | conditionlabels I

E 168x3 double E, 168x1 cell

[E- -~ R I SRR S

> |&|RB N2 S

difference between the
trigger value and the actual start of
the trial

Offset -

- window is the baseline value (so
-96 means 96 samples in each trial
are considered baseline)

30



Artefacts correction

6. Artefacts correction

Help Utils... w Batch

Quit

spm_eeg_artefact
-
Convert ~ | Timefreque.. ~ Images.. ™
Preprocess.... ~ | |Average ~ | Other... »
3D Source Reconstr. DCM
Specify 1st-level Review
Specify 2nd-level Estimate
Results
Display... w Check Reg Render_.. . ~ |EEG
Toolbox: = PPls ImCalc DICOM Import




Searching for artefacts

4 Batch Editor
File Edit View SPM BasiclO
D | P Temporal >

Module List Spatial 4 Current Module: Epoching
Py——— Stats > -
Conversion oem J Help on: Epoching X
Filter - DEP Downsampling: Downsampled Datafile
M/EEG /| Conversion el g
Downsamp\ Util b Preprocessing 3 Epoching
Epoching 2SPMData\MEG\trials_run1.mat
Tools X Averaging 3 Prepare - v
Edit Defaults Images 3 Montage e;
Time-frequency 3 Filter
Source reconstruction | Baseline correction e
Modelling 3 Artefact detection
OPM Preprocessing % Downsampling
Other 3 Merging
Fusion
Combine planar
Data reduction
L Crop
Current Item: File Name .
e ————— Remove bad trials
Reference from - o
D ing: O Define spatial confounds
EEETA TR Correct sensor data
© Specify Dependency

_ ~
Select the M/EEG mat file.

11/05/2023

File Edit View SPM BasiclO

0w Wb
Module List Current Module: Artefact detection
Conversion 2 Help on: Artefact detection
Filter DEP File Name DEP Epoching: Epoched Datafile
Downsampling DEP Mode Mark
Epoching DEP Bad channel threshold 0.2
Artefact detection DEP Append yes
How to look for artefacts
. Method
. . Channel selection
... Select channels by type MEGGRAD
. . Detection algorithm
... Flat segments
. ... Threshold 0.01
. ... Flat segment length 10

DAnblannl

Current Item: Flat segment length

10

Specify.

Flat segment length

Real numbers are entered.

Minimal number of adjacent samples with the same value to reject.

An 1-by-1 array must be entered.

[4] Batch Edito - O
File Edit View SPM BasiclO
D d b
Module List Current Module: Artefact detection
C_unversmn " ... Select channels by type MEGGRAD
Filter DEP : .
. . . Detection algorithm
Downsampling DEP
. .. . Flat segments
Epoching DEP
Artefact detection DEP .+« Threshold 0.01
.. .. Flat segment length 10
. Method
. . Channel selection
... Select channels by type MEGGRAD
. . Detection algorithm
... Threshold z-scored data
.. .. Threshold 3
. . . . Excision window 100
Filename Prefix a

Current ltem: Filename Prefix

a

Specify...

Filename Prefix

A string is entered.

The string must have at least 1 characters.

Specify the string to be prepended to the filenames of the output dataset. Default prefix is 'a'.
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Removing artefacts

|4\ Batch Editor — O x 4\ Batch Editor — O g
File Edit View SPM BasiclO File Edit View 5PM BasiclO
Dﬁ"ﬂ|b Temporal > Di"ﬂ|b
Module List Spatial 2 Current Module: Artefact detection Module List Current Module: Remove bad trials
. Stat: b . f .
Conversion Dg; _|  Help on: Artefact detection ~ Conversion Help on: Remove bad trials ~
Filter e r Ce[ DEP Epoching: Epoched Datafile Filter DEP File Name ...Artefact detection: Artefact-detected Datafile
Downsamp ; : B Mark Downsampling DEP Filename Prefix r
! Util Preprocessing Epoching .
Epoching S Averaging Prepare 0.2 Epoching _ DEP
Artefact de - yes Artefact detection DEP
Edit Defaults Images Montage R bad trials DEP
Time-frequency Filter emove na
Source reconstruction Baseline correction
Modelling Artefact detection
OPM Preprocessing Downsampling MEGGRAD
Other Merging
. . . Heart beats Fusion
. ... Excision wi  combine planar 100
. Method Data reduction
e Y Crop hd 2
Current Item: File Name Current Item: File Name
Remove bad trials
Reference from T i 2 Reference from 2
. efine spatial confounds .
Epoching: Epoche Artefact detection: Artefact-detected Datafile
orrect sensor data
hd W
v Specify___ Dependency Specify Dependency
File Name & File Name 2
Select the M/EEG mat file. Select the M/EEG mat file.
v v
11/05/2023 34




Averaging

spm_eeg_average

1. Converting @ 5P 7771 Meny - o x
2. Filtering TR TR T
3. Downsampling R
4. Epoching

5. Re-referencing for EEG

6. Artefacts correction

7. Averaging

11/05/2023




Averaging

4. Batch Editor

File Edit View SPM BasiclO File Edit View SPM BasiclO E
Dﬁﬂ‘b Temporal > Dﬁn|b
Module List Spatial 2 Current Module: Remove bad trials Module List Current Module: Averaging
Conversion EEI: : Help on: Remove bad trials 2 Conversion R Help on: Averaging
Filter i y Ce[ ...Artefact detection: Artefact-detected Datafile Filter DEP File Name ...move bad trials: Cleaned M/EEG datafile
Downsamp! T Preprocessing s Downsampling DEP Averaging type
Epoching = - : Epoching DEP . Standard
ools Averaging Averaging X .

Artefact de T [ Grandmean Artefact delecl_lon DEP C.ompute phase-locking value No
Remove ba. T Tanars) S TRES N GESHIS Remow_e bad trials DEP Filename Prefix m

Source reconstruction ? Averagmg DEP

Modelling >

OPM Preprocessing

Other >

Current Item: File Name Current Item: File Name

Reference from

Artefact detection: Artefact-detected Datafile Remove bad trials: Cleaned M/EEG datafile

W
v Specify_ Dependency v Specify... Dependency
File Name ~ File Name
Select the M/EEG mat file. Select the M/EEG mat file.
W

11/05/2023
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Data visualisation

- u} x
[#] SPM12 (7771): Graphics - X [#] SPM12 (7771): Graphics - pad
‘Converl V‘ ‘Time—lreque V‘ ‘Images V‘
File Edit View Insert Tools Desktop Window SPM Figure Help » File Edit View Insert Tools Desktop Window SPM Figure Help ]
‘Preprocess,, V‘ ‘Average V‘ ‘Olher, V‘
EEG | MEG |MPLAN.|MCOMB| OTHER| info | source | [PrepareSPMile| _SAVE | EEG | MEG |MPLAN.|MCOMB| OTHER| info | source | [Prepare SPMile| | SAVE |
‘3D50urceReconslr ‘ ‘ DCM ‘ W m“ W M
Aall» - IA I:l
| Specify 1stlevel ‘ ‘ Review ‘ File name:
DAMDMEG_templateSPMDatalMEGImraedfspmeeg_SPM_CTF_MEG_example_faces1_3D.
| Specify 2nd-level ‘ ‘ Estimate ‘ mat
Type: evoked
Mimhar of ima aamnlac: 208 (1 028 <ar from -0.4755 o 1 4455)
frials nv l

chan nelé

| history

Display...
Toolbox: v Process |[function c... input file output file
1 spm_eeg... DAMID\... DAMfD\...
— 2 High filte... spm_eeg... DAMD\... |DAMID\...

3 Downsa... spm_eeg.. DAMD\.. D:\MfD\...
4 Epoch spm_eeg... DAMID\.. DAMfD\...
5 Detect ar... spm_eeg.. DAMfD\.. DAMD\...
6 Remove ... spm_eeg... DAMD\.. DAMfD\...
7 Average spm_eeg.. DAMfD\.. [this file]

4000

| channel names

| channel pos

1010 (ms) K I |

Average of scrambled images
condition at 1010ms
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Data visualisatio

SPM12 Graphics — X
File Edit View Insert Tools Desktop Window SPM Figure Help o~
EEG | MEG |MPLAN.|MCOMB| OTHER| infb | source | [Prepare SPMile| _SAVE

W W {@. .3 Qﬁiﬂnd... Trial 1 (average of 36 events): facjl)
i i’ | @scap Trial 2 (average of 37 events): scr
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Steps to cover

+

Eile Edit View SPM BasiclO
[ = = R

L]
° CO nve rt I n g Module List Current Module: Conversion
Conversion & Help on: Conversion &
Filter DEP File Name ...xample_faces1_3D.ds\SPM_CTF_MEG_example_faces1_3D.meg4

Downsampling DEP Reading mode

. F i Ite ri n g Epoching DEP . Continuous

Artefact detection DEP .. Read all

Remove bad trials DEP Channel selection
D I . Averaging DEP CAll
Output filename "
. ownsampling e 0
Block size 3276800

Check trial boundaries Yes
No

1
2
3
4. Epoching o s i |
5
6
7

Current Item: File Name

DAMD\MEG_templateSPMData\MEG\SPM_CTF_MEG_example_faces1_3D.ds\SPM_CTF_|

. Re-referencing for EEG

. Artefacts correction . =

File Name
Select data set file.

. Averaging
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Run preprocessing on several runs —

4\ Batch Editor +2 | MfD_preprocessingMEG.m
-
File Edit View SPM BasiclO 1 1

pen inputs

New Batch 2 & enter the number of runs here
Load Batch 3 ]Gb‘Flle = {
save Batch : B 4 jobs = repmat(jobfile, 1, nrunm);
e T DEP 5 inputs = cell(®, nrun);
Run Batch DEP 6 for e
— or crun = l:nrun
Add Application DEP - end
Close Batch Editor  Cri+W | pEP é enc
Remove bad trials DEP SPm(. bm. . b)J . P
Averaging DEP spm_jobman( , jobs, inputs{:});
16
+3 | MfD_preprocessingMEG_job.m | MfD_preprocessingMEG.m
1
2 g util (rev $Rev: 7345 $)
3 spm SPM - SPM12 (777
4 cfg_basicio BasicIO - Unknown
=
6 convert.dataset
7 matlabbatc - .convert.mode.continuous.readall
8 matlabbatch{1}. .convert.channels{1}.all =
9 matlabbatch{1}. .convert.outfile = H
10 matlabbatch{1}. .convert.eventpadding = @;
11 matlabbatch{1}. .convert.blocksize = 3276808;
12 matlabbatch{1}. .convert.checkboundary = 1;
13 matlabbatch{1}. .convert.saveorigheader = 8;
v 14 matlabbatch{1}. .convert.inputformat =
15 matlabbatch{2}. .preproc.filter.D(1) cfg_dep( , substruct(
16 atl: -h{2}. .preproc.filter.type ;
Select data set file. 17 matlabbatch{2}. -preproc.filter.band
18 matlabbatch{2}. .preproc.filter.freq = 8.1;
19 matlabbatc - .preproc.filter.dir =
20 matlabbatch{2}. .preproc.filter.order = 5;
21 matlabbatch{2}. .preproc.filter.prefix = H
22 matlabbatch{3}. .preproc.downsample .D(1)} = cfg_dep( » substruct(
23 matlabbatch{3}. .preproc.downsample .fsample new = 200;
24 matlabbatch{3}. -preproc .downsample _method =
25
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sl
Note on order of preprocessing steps

—There is no single correct order of steps, but here are some considerations
for order choices

— It is better to filter continuous data prior to epoching to avoid filter ringing artefacts
in every trial. It is better to do high-pass filtering or baseline correction before other
filtering steps to reduce filter ringing.

— Downsample early in the pipeline to make the subsequent steps faster.

— SPM only filters channels with physiological data. So the channel types
should be set correctly before filtering.

— Some artefacts (e.g. discontinuous jumps, muscle) are more difficult to
detect after filtering.




wellcome
centre

Thank you so much for listening!

Thank you to our expert Mansoureh,

— to previous MfD course slides.

Questions?



https://www.fil.ion.ucl.ac.uk/spm/course/london/2022-meeg/

