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1. What is WeBrain

We Br aisn abaweebd computing plastarem EBE&t apdazs
EE® MRI mul ti modal dat a storing, expl ori
Hi ¢erer f or mance Computing (HPC) facilities
connect ssofeisfefagrcehr®tE G iaenldd smul t i modal tool s
powreequiredt heo lhaarngdd edat asets that have bec
al aoms t o aclonntsetrrnuactti on al Virtual Community
to set tmer scamiei-h@mouenamlul tchoiotpieartaitvbeosa i ann d
research. It does at the saequiiredé teduse
resour eeso.vi ddasyame for novi ce users (eve
programming iskiilliltsy faord dxpp&si enmtcedhecesasanm
i nsamy lsoftware or system for wusers, all ne
A range of resources i nclaurdei nagy anieelsiarbwledmla ga o
documents B dBaleadwed o In¥e g 1t ditee AVaaiBm .ayiernt

2. Data input of Tools

Curr amnth¢ Br &£IElf, dat a of each subject should
zip filkorONeXampl e, adat(pnéilsaabjpoéctEfEGc an
@Su b0 Z ibpvhi ch contains all EEG filfedoégener at
BrainProduct EEdGa ts, y ssvdladnr@ 1s s1w/hndrdkd r a fol der
consi stthien JEiEbHeg3e ,t ypes of EEG dat an stthreuct ur
We Br.ain

1 ) Assioactwe ¢ hWetBhreai n @l aeftvomamd more fl exi bl e
named the Standard EE&u®gtsatpStorpwistedr & o( Skl
the needs -9talbot BEGmd&at a b atsciht ep rsotcuedsisei sn ga
| arsgeal e EEG data shar-i mgl aingli tamastygsdised n( e
cloud platforms). Two versions G( \DATtLaAB |aend
Restructur i nfgg ThoaovldbeokxeelecPR d t o restructure
according to the SEDS. The DRT GUI ( MATLAB

time required for novice researchers, wh i
efficeeaperfenced researchers. Al mat er i al
exampl e dat aset s, etc. , ar e avail abl e

(https:// webr)aamd ueVéhtkct.pesd u./cgn/t hub. gam/ We Cl c
More details about t he LSEDX0Nncga neDiRda:ls. é&e n2 0i2n
New Tool box for the St andsaacgal & EEGE @ aA mp ISit o ait
submitted.

2)As an extensnohmagi nhePDBrRaS)St peciutriecat.i
EEGBI DESE Gh as bapported I nE EtGh ed aWeaB r faii Ine s C 0l
reorglani zas -EBEI(D S usi ng -MATBIABGOL S

(ht ps: / / sccn.ucsd. edu/ eegl ab/ pfiugstn, updmdd-d
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https://webrain.uestc.edu.cn/
https://github.com/WeCloudHub/DRT
https://sccn.ucsd.edu/eeglab/plugin_uploader/plugin_list_all.php

zipped as a zip fil esMoadeet aipl aBBEGut @Bt DS
be seen Perinkee ,p&pemR. ,-BleDSalan (001&nsi 41k EG
i maagi data structure for electroencephal ogr
3)Fosmasliclal e EEG ad at o idiersezcicppye @l dosdya zip f
hand. The zip d&lill eEBG ofuil lde sc oghd raeg rmaat efdo | bdye r E
consi stthien §EIEGE s

ac
h €

War ni ng: DO NOT enter any blank sp
| f there are any blank spaces in t
wi | | rename EEG.idatma wWndespdnaimeds )

| t | S strongly suqggeattee df itloe sr ewnsrigmm
t ool s bef otrlee sue lofoidlthees pMe &8tr.fad mm

21Load EEG dat a

EEGLAB f unct ieoengsl a(bblals eild Odrevda rt ioo udsd dEfE G

only <channel | abel s are pr esemtkecouwnr ent | vy
positions. It wil |l try to |l ook up coordina
St anti@Cdp385 witdeogptlugkNEnutplpyoEEG ndgat a
format ar e:

EEGL ABet. (Fielcemmended)

The fundpoponmpditdastuppaoditEEGCGLAB dat aset fi
{set H)fdt }

ASCI | /.FIxotd tMAD L ABa/tdaRi | e

The fundgtoiponm mpddwheatctadiMAgTLABat fil e, pl ea
confirm that it mnAdiLtABzoif(dalmid eh elnsimp i onhe ) M
Wheme a aiABE | If i.ltex,t pl ease confirm that i's m
wi thanhetlisme pbiwbser data are .txt or . mat
filled in the pasaneB®&oolliox swhsaumDBRFitreg t o
toctlttps: // webr)digno.nueesrtic .lFeEl@ . datf a t o EEGLAE
writing sampling rate and channel | ocati on:
Cureéydaat Fil e

The funcgomnl oid&.kt tsrurpy(o r t s N erueraodS cnagn Curry6®6
continuous E&&Ht ddapiyBnlbes (

Cur 8yx drRi | e

The funfgap olno dddcswrprpy(rt s readi ngomMNeiumw®&e s n
EEG dat{adti|l esdt . eo and .cdt. dpa

Neur oSchinl ecnt

The funjgdp olnfbldic nsturpepaodNiensg o Scan EEG@.ndat a fi
Data format 16bi-detoect3d.i t wi ll be auto
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https://webrain.uestc.edu.cn/

Neur o&E&d&hi |.e
The funpopoh@aldte egurpgpaoditbgut ®®8can EEG dat a
(EEG. t hEBEf i | epdcthaetdeha(hhetlispe® i httsr i, alssoyme

tool Pbemapyt .avail abl e
Bi os e mie®ifbl def
The funopondaRdsddBi o e mi functions, It S

léit European standard " ED4&B'i t( EBUDFo p(eRino sDeant
Data FEFor mat)

Brain ViwhHiRec.

The fun@gopomn@ddbvwsupports reading Brain Vis
{fdat .,vhdoKeeg .,vikdy k

EGI MFEH e

The furprapg omed(feégi mufppoEGIs MRRdAI. MjIfes (

\ Neuracle EEG Recorder

The funG@opoinmpesr(JiNe ursauplpeo Nt s Nreawa cicn g EEG
Recordaera {8at asbd)f). Noevinhgbdfhat t he fil ename
coll etNeead abRecBEGBer f iidad d@ W&.s

ANT chitl e

The funap olnoa@eletp svUppoANT d@xtaa i fo)gltfe s (
only <channel | abel s are pr esemtvec krnroemmt |y
posi tWedBrmswii hlt ot rlyoo&orudi nates for t hese <ch
el ectrdoidlee ANT_WG_ s tofamadmr g\ NIgi@mpeenport 1. 13

Tabl e 1: Data formats supported by

Suppdritteed f or mat s

EEG file forASCI I/ Froopt file (
(Manufactur e MATLAB (o*.. nlaatt
EEGLAB. gédlor ¥y . fdt
Curr {{* 6 @ td*a.p})s 3
Curvy g*8¢cdt.cdt. ¢geo, *.cd
Br aPirno duBcrtasi n({*Vihgriw ann *k. Haart
{*. v h*d ¥ mreke)p
Neur o(Scrtrr EEG
Bi odkeumriopean DataftFedmat
Bl OSI|I&d*fedf*gdarbdf
EGI MFF file (. mff)
\ Neur acl e Egda.lRefc,o riget
ANT (*. cnt)




3. EEG Tools

War ni niNOTeDhaenry bl an kt hsem @piabrsa msent e r

31WB_EEG_REST

WB_ EEG_RiIiEsSSTtoofo|IRef erence EIl ectrodeRrREStTandard
in WeBrRE®T -aefrerence technique, a softwar
mul ti channel spontahabted pBEGewmti aelvenwi t h
physical point on brpari ond ebsosdeyd sdua tf aa cree foer et nhe
or | inketdonew sd aettacset with reference at I n
zero/ comot,an¥@ ol et a Cur r eRE®GSY S Il ncreasingl
acknowl eEEdcd ERIPYs communi t(yt cakrmoaumlde daghee | wast d
lZonitesésganmdor e t haendh bWe tsu aldl RE &tdoo pgeetd zer o
reference as t hroVioiudsdglatainovin i RESHtalsle e n
regaasibd Rosetta StlWamesdrorarsa)alngdn KEe€E,&d2 0 In0
the gnedsbfnénternational Feder atliFohN o f Cl i
for EEG Muwonrael yksdtsai | s about REST tool box <ca
(Dong et) al ., 2017

Use REST please cite

Yao, D., 20Gm1 steademteidedczence of scalp EEG r
at infinity. PRhlyl. ol Meas. 22, 693
Dong, L., et al., 2017. mBMAdgtABodeoBbardar d

Technique (REST) of Scalp EEG. Frontier :

Parameters

| f Fi lLeeadf i dledadftialed .tbTeh ea noautrp ukte d oid. xdealt d
sources X changal syl whifeodrhwayredns g @@ o h e
the electrode montage, headtmadel adrsd &
the outoput of Mt (@rfgpDraadd b sed df ol dr e a |
mo d a l using FieldTrip.

rechansntsri ng wit-hef edéncesd o hrahesdeelrdg m(cci hnagn n e
RES&,@[.1: 4,0maBI0] 6) ,

Oup ust

For each subwbcthntaairzre of kefeielnedeadwa EEG b e
gener(astasvdetldlEGasf s e which contains the EEG
refercdmaandg etlisme points).

LeadfCakCcdl ati on
Thleadrmated sdxr equi red ta nbeew ceall eccutlrac ceadn sflyoert e
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the output of Mt(&lelpda dfailsedniéfaine Indo d a | usin
Fi el dUBreirmld@awnl| ode atd heded d c allceud daftaee ddad x

of a cdrmosspdtariecs h echatll cruol daetl@ dna hdleidx f r om t h
3000 <cortical di poles (spherical equi valer
array for t he ¢ & msamhiecrael sno chaethacde nTthrei carr ay o
el ectrode coordinates (coordinates of fidu

be savoetdvASEl & fil e with their Caxta&wsiian, X
y (the nasion is thehrge axolsymns, cwloirlde ntat
will -ber mat ooma&tdclewdl t o the upper spherical
the program. Il n additi od,earddetxidernsg .ctohmgti | telde
using C I anguage on Wihhedadbateryidx ,em ft oy cwl we
run it on Linux system (Ubun®Wumeofat wsairnep!| e
firsentecemmaEnudaeget i ndtmralad wenmeadl)el dhe

cal cudansioshes foofl | owi ng 2 steps.

1Fi FeLoad El eclt*.dlkdSEiIilefil e; X, y, zZ po
columns only;

2Fi feCalcul ate Lendké&ial ewatni dapgesds on
size of the matrix and tihse ocompliedtadd e Wde n
matrix | $Leadeddtdssduricebannel s) in the di
el ectidnede f

Not e
TheeferencEE@atshaplat clpbopi(nett dpe tiposod, t he
vertex, |inked mastoids or |Iinked ears) or
Li nks
REST:

http:// www. neuro.uestc.edu.cn/rest/

REST software
http:// www. neuro.uestc.edu.cn/rest/ Down. ht

EEGLAB
http://sccn.ucsd.edu/ eegl ab/index. ht ml

FieldTrip

http://www. fieldtriptool box.org/start

http://www. fieldtriptoolbox.org/referencell

http://www. fieldtriptoolbox.org/ devel opment
|

http://www. fieldtriptoolbox.org/tutorial/ headm



http://www.neuro.uestc.edu.cn/rest/
http://www.neuro.uestc.edu.cn/rest/Down.html
http://sccn.ucsd.edu/eeglab/index.html
http://www.fieldtriptoolbox.org/start
http://www.fieldtriptoolbox.org/reference/ft_prepare_leadfield
http://www.fieldtriptoolbox.org/development/project/example_fem
http://www.fieldtriptoolbox.org/tutorial/headmodel_eeg_fem?s%5b%5d=fem&s%5b%5d=headmodel

32WB_EEG_Mar k

WB_ EEGarMka ttoemwtomatically mark bad Dbl ock/ ¢
basedhoweashksicdreg/ gl ob(aHi )gl.t eli ¢ pew®mmended

calculating EEG indices (e.g. power , net wo
consist of:
[ 1] Filtering al/|l EEG data (Passband filtel

[ 2Z}t rBasnmihneg EEG dat a/ cal culPaah aargn gll /odlad c tfri a
every timemopomafimeadsg <ubtdri asdtdesdl asycr d
devi ati oms)c.os@rd ntl&aeidat i on p(ogMeah alGFfPi)e lod t

signal ateltetcbideasll ceucltaetde d
[ 3] Avevabueg/ wsing gl obal fiel a&al pbower oV
evidence ftoor aacnc aamdtl| iafteeactagi ng it over cha

[ 4] Threshol d -9 dicer ea/cgcluonbualla t feidelzd power f or
Badl ocks areodo9%PrEEGde vheynd 9 3,992 c € 8t age
@bsol ut eabvaveet Hriesdilod! & mal | epoch). Good
arleabel @20 & G. ev e nt2.0iplgirec eimsba@é u) e val ue
above tdhrb%edloth smalfF bepdchl odlL IOt h |
already existed, the badgdhagdeaeki dptdatwal |



e o Raw
WMWMAW‘WWWWM ,V‘,,-N»‘-J\-w\.,\,jt-; data

AT Ao S AV v TN Filtered

> N B A ~———rn—  data
ey e e
{} z-transforming/calculating GFP (2]
200 T T T T T

150 -
™
100 - / W
P A \
50 - Threshold / \l{ A
.»’\V\f.,-f’\.‘/wr‘ \vi’\/“"w‘\w A h ettt 7 . I
1s | 1s | 1s | 1s | 1s I small

GFP

OR ! H H ! ! ' epochs

Par a
pass:

Not c

flag
flag
Thr e
S
b
Wi nL
sel e
D

Z-score

Q4 N
3
%
2
=
=
X
i
¢
{ i
=
< |
S
i
&
=
o
E
-

o bbb
‘ 7

Q Thresholding and adding labels [3-4]

Label 9999

- Marked
data

Good quality Bad Block

Above threshold < 5% for Above threshold > 1% for
each epoch each epoch

i BPi pedfi naeut omati cally marking bad bl ock

meters

baRdssband odl tfoi[ills, 6Mi]nhga.s sDeffab [ | ) e mpt
bandpiabksering .will be skipped

h:BaBiama tfeihl t er . 6 D45 a®b ICh.i 8 a, power frecf
50Hz, while it lfimax60adHzbamd)KIA.n( Not c |
Not chBandndtsc ke mipitlyt er i ng wi | | be skippe
i1 agl = 0: marftkl dald Hylolmadkadair(tkhe fdaautlat.) ;

Pl ag?2 O: global f Helachfpawarng(.Def aul t
: Thrscdrod/dgloadbal fi el d ippdoveders.c oD eefda ul t
t anddeawvidatsi ac3R9or various EEG data, the 1t}
y user flexibly.

entkngth of the window (small epoch) .
ChaStnrsi ng with indicEesgp.ol: 4, lok@B0]lode)c,t ed
ef adbtl i s




srat8ampling rate of EEG edtaetcat.E HBIGf daadma , b a fa
i toi Bot oASCI | / FFobheMAThLdAiBat. Fi Ish,oud der s

fill the sampling/[r]adte by hand. Defaul't
Out put s
For each sulwheéecth, scahmea b EedGi |ldeat a EEsGavesdcktas
file cwhitcahh ns t Hhwi nar § e eBvaedntt mMdoc ks are | ab

099 JEEC etnytp e60 9199C869gual ity dabal exk0®YO
(EEGreamnytp@208106) .

EE®Mar kPercent : Percentage of marked event
EEG. datZadrzes cogleadbal faofkdtda.power

Li nks

Aut omati c aritni fFa etl diTejig@ct i on
http://www. fieldtriptoolbox.org/tutoriall/l ai

33WB_EEG runl CA

WB_ EEG _runsl CBArtwomo |l GA on EEG data based on
runi cmgnf.orlmm I ndependent Componeonft iAmpaultysi

data wusing the Il ogistic infomax | CA algori
natur al gradient feature of Amaril,CACi chock
al gorithmloafmilLeke , SeGinroows ki , with optional
Annealing based on weight changesCAsi sssed

usually used (e. gemeoyre eaxtirnakcec tg.g aEodR® e s
EEG dat a.

Parameters
seleoba number with indi(cedd bfd4ammdé3l)0sjedl ect €
Def awwlbtl i s

| CBlumber of | CA component s. Def aul t i's nunm
retai nekat iPCge.tthsaualwly run | CA using many
ample decomposition presented here. A

ample points (at 2iesachhe haugnhetés) ,ionvhtahees
nmi xing matrix that I CA is trying to |
k  wi || increase as the number of channe
then u®iccmgpti oea (Set the number of PCs t
Ncomponent s may be f{Thesoplay ageobedr omay c
strange results. This 1 s because the w
being square.

S
componentshéhneim dat a) typi cédldlay arequi |
S
u
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http://www.fieldtriptoolbox.org/tutorial/automatic_artifact_rejection

Nt r &ier f:or m t anhA" "wixtthe nsdiegdgn esti mati on N 1
0, autldmyateisctaa mat e -Ghes Nniuanb es o wrf c essu.b | f
number -Gafussulam-Nc o nipass tte r( dtelf searut N3 @ fs) .0
The "runica" | nfomax algorithm can onl
supergaussian acti vhitghldy sgeadlbad itoman ia
something |ike an inverted T). | f t her ¢
preferable to set the training blocks
subgaussian sources of actitviitiyty.such a:

PCs: decompose a ¢oefiaci-pabf f¢.0 mpoM@mhtde{ aul
performing )PCBhspaaekysfsthe data. Val ue i
retain.

stop: stop tr-ahahngg whehibgdi dleefsaurdtittedins 313e c
l¢ is recommended) .

maxsteps: max number of I CA training steps.

sphefdinégbf | ag spheri ngodf data. Default is

NotEeEG data will be | mp oEBNBDELIA Ba. sl sHEHAGS shtorud at

be hanhetlisme Q@Rcihmatnsh etlismei htespoc hs.

Out put s
For each subject, &EG @aftialsetwiwidth aemwt dii re
icasphere and i cacheasmwiell® egscthkaininled wimidc Ic e s

t heCA r)elshwel tEsEG dat aset can al so be i mport ec

EEG. i casphere: | CA sphere;

EEG. i caweights: | CA weights;

EEG. i cachansind: selcet channel s;

EEG. activations: | CA component s. | f EEG
(corresponding )t awi Il CA btei mgee nea wuart eds

EEG. icawinv = pinv(icaweights * icasphere)

EEG. | CAPara. | Cs: number of | CA component s;

EEG. I CAPara. Ntrain: -Ip@A"f owint ht asnihg n €' setxit neantdi
bl ocks;

EEG. | CAPara. RCo:f ttPlICs nwmbet ai n.

EEG. | CAPara. stop: stbangea<xnimigswhen wei ghi

EEG. | CAPara. MaxSteps: max number of | CA tr

EEG. | CAPara.sphering: flag sphering of dat
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34WB_EEG_QA

WB_EEG_IQGA a stable tool t QiA@fal a zeomuiath u oty
EEG raw datataeegEElestndgdata in smal.l Wi
channel coul &i bdsnieetfheoddased & ynumber of i ndi

t hdeat a qualcial ¢ uNvaad revdktbieke e ov er alrl atdianbge wiulall i t

al ppovi ded, i nclBullbDgot eeepesnadifngA,poomperfe

badhe QA consists of (Fig. 2):

[1]A conti nuoafs d&&Ghwddhlanbnee |hi ¢k 1pgdands tfhielnt e r e
segmented as; small windows

[ 2] cDacgoenst ant or NaN/ I nfl Meit g.ddled wimdoavsh
containing any NaN/Inf ortYawid hcdn sniyd eSrDd dn
bad windows.

[ 3] Dawrewstual 'y high or | sotwa nadveprl datareb/es sautsii onr
ti me pomieabdash windbiv {sMetrrodf2)r.obust ti me
falls below a threshold or the absolute
(15%Y), the window is considered to be bad.

[ UDetiemdgi gh or power ifnr eegaucehn cwi nndooiws elsy c al c
notrssei gna( N8R deod sotni abhrKot he' s Imethbd ( Me

zscore of estimate of signal above 40/ 50
t hat bel ow 40/50 Hz above a.thr @ shteo Isdmad 1
window is considered to be bad.

[ bDetiedgow correl ations with atsherg ddPheanrmselns
correlation (defaul t()MearholRIANISAE @@ xi enluan
correlation (absolute corw edfata oah amredl!f it

ot her channels falls below a threshol d, t
[BCal cud anumiger of indices relative to the
dat a.

Moracet aiblowmh e QA tool can bZh asoe ea2t0 2 &, .t,h e

Quantitative signal -sgecuaalle tcyo mtsisrewscsurse ng ¢ & lopr
dat a pe,r sspuebcrbiitvtee d .

12



sed Sl W UW
MW Raw data

e e

Channels

e e

N e

Time points

* High pass filtering
,JI WAU‘I '\!\WWWNWW
g YA e .
J\mw’\_f‘ wpmerennns Filtered data

e e e e e e e et

e A A et e et e e

@ ‘ Segmented as small windows

;\JI‘ .H\f‘\ . : . .
B T s Ve Vi et To A 1 i atmadindnd. |
A v e

K Y

A ftrinan]

| NP PV S SV S P ———

; @ Method 1 @  Method 2 ®  Method 3 ® Method 4
I : ‘ — . :
- —
Constant or NaN/Inf Unusually high or low amplitude High or power frequency naoises Low correlations
v
-_
Overall mask of bad windows

oLC OLRC] |

[ NBC OBC OBClus ODQ. allMAV badMAV goodMAV "

@ { Data quality rating and reporting
A Perfect obQ 290
A= B  Good 90 > 0DQ > 80
I- —| ¢ poor 80> 0DQ 2 60

D Bad @ 60>0DQ

Fi gPi elquwel iotfy afssecsstmemdoufél EERBawaWwEGadat
with artifacts such ag 2lghyeeo nidliinruko,u se yEeE Gmalvad
each channel will thleermi gégmperstse d Heed es mal lar
ONi ndowS@ sondhse wlndgoevasy zewhi ¢ h niehteh ofdesl | o wi
are co.f @ectteecdt i ng constant or NaN/I.nf signe
(4Detecting unusually high or | ow amplitude
time points in eachfwitm@ow (sMetrleodaid)sobust
bel@wbust Devi abbiron hler edbsmll ditsé Bmimpl o Y @aldes e x
(¥) t he smaldonwiindkeavw di stheet bet ibragl. hi(dh or
frequency noises in each-twigoaw bwvtcal bdals
Chri st iKon he''s met hod ((deé tetaomd r awBat al.
https://sccn.ucsd. edu/ wiki/A)tif adte_Su bsscpoa
of esofi mat gnal above 4010Hkz)( ptoowetr h atr elgailecw
abowda ghFrequency)doi saeblhalestheo | i S Remeaicleeds

wi ndiosw consi deNeti hg bleatadf theé poavmpl i ng |
frequency, thiippedRPept ewitlilngbd ossk correl ati
channels in each window usi RANBALr csonredrat
(Met hecadr4Pear sorf ddrer edaatiinounm ciorr el ati on ¢
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https://sccn.ucsd.edu/wiki/Artifact_Subspace_Reconstruction_(ASR)

channel to the oth&or cdlaatni§dtmhTehfraslisihmsb o e |i sv
consi derfFoedRANSAC c o r(Bied dahliaymh o et), aéach 201°
window of a channel i's predicted using RAN
fraction of the channel s.t heéuaalbebdctmarvrigdrat i
bel@ansacCorrelban i oalThuleasthiodvil aidi®oswt mar K eodh g

as bad. The time cost wohHanrdls Inoed atoido niss ahri
The RANSAC correlation pear foptmadhat| anidng ed
number of indices relative to the data qual

Parameters

Wi ndowSectomael swi ndow dseifzadl | (§ierm.vseerc canihdbosc,&dd t h e
met hods are conducted

Hi ghPasslbawmaelr eeégeeatyt herf hi gh pass filter

sel eCmamber with indEE&@haomfmebtbhad (0gejedt ed
@bhDef adbtl i s

badWi ndowThcesbdéfFdfraction of bad windows
bad channel s.

robustDevi atsZzonoTler esmittlmifdt ftoirma davhatwi oadow

(default = 5).

Poewr Freyqgupower frequency. Default is 50 Hz
power frequency is 60Hz

FrequencyNoi sebDhreeshidloddgn &@lorabNoSvRe (psower fr
10Hz) . Delffautlhte izs s3core of esti mate of
frequkebkdy) to that bebbwrdQueéelac wNoveeTh
or absolute NSR exceeds 0.5, the small

flagNotchFilter : fl agNoweh FFFrequemrcyl:nories
notch fil terf(ffnlgag WDetf afFitl iesr = 0) .

correl ati:omilhxriemssalolcdor rel ati on bel ow whi ch
def aul.t fh=et dna&)i mum omo rorfe ltahe wi ndow of a
ot her c hanneclosr rfed lalt 96alhdadh owei snhdoolwd i s cons
bad.

ransacCorrelationThreshol d: cutoff correl a
|--> not performed).

ransacChannedli rna otfi cwrh:anfnreds f or robust rec

ransacSamplaen®il 2zs RANS A G@mp wtuilng = 50)

srate: sampling rate of EEG &&tGa .dalktta. c Btk

for ASCIlI I/ Fl oat .t xt &8 Hhe®eulod fMAITILABh e ma
rate by had[d].6.Default is
Not e:

As s umpotfi oAs t ool
-The signal i s a structure of continuous
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-No segments of the EEG data have been re
Noting thadseguiahgtNEG raw data would NOT

| f channel | ocati ons ar e not cont ai ned i
contcdiam meclat i ons, t he RANSAC correlati on
Noting that i f the | pamwelr i nfgrtehoe teegbc y s bel

detecting high or wopdwerbef rskq peoready noi ses

Out put s

For eachmatbj eccioniseeh st ructure awrhbly bé QA
generatedr édsalvtsndBid e whi ch Q&o mteasiun st st haen d
par ameftebassMegpnwhil e, a table file named QA
i ndi ces of(i nacllle @dl uchyjleacttesd an di ns ka ptpeeldl es uvbij lel
generated at same ti me.

resul ts Ofe.r@NS: rati o ofThBoONBgnahgwsnilowm
The ONS = 0 if and only if there is no
contrast, fohealONSNaNlor constant signal s;:
resul ts QAe.rGGHA: rati o of Hihgegh OAMp Iriatnigke Wirn
to 1. Ehd& OHA and only if there is no hic¢
and the OHA = I1plfiotrudael Ibaadr ewihnidgohwsam n t he
results OYe.r@HAN: ratio of highhér OgNenaypghllei
from O to 1. The O&N s o ilHi gamdf roemdquwendy
in the data, and thel OENde batilowi adbwar e
resul ts:OQer@ud rati o of LTohwe QLrQ erlaantgieosn fwri
o 1. The OLC = 0 if and onliny oiwfs timern é ei
nd the OLC = 1 forelaltli omi rodaawswvi aardeo wiso w n
ults QheOBRC: ratio of windows of. Low RA
TheROL= 0 if and only if there iamdno | ow
theROOL= 1 for all el adioows khae Wiowdaews rin
results_ QA:TDhmad Chmoaex | ef bad channel s of wh
ality windwoaisnexkhreeshal ¢de¢ 0. 4 by def aul
| t s. Qo NBl€a nBalds C
| t s AerCBId: ratioTbokt BBEC €hadseelt®d 0 f ¢
annel s andchannlelfso;r al | bad
Il ts_ QA.OCORCIlaud rat iToheofnuBndbder Clod s ttehres . c ¢
mponents of the bad qualriitbye wihned oswst.u aTt|
the bad quality windows in the data.
data, to O for no bad clusters. The
als is contaminated. | f ODQse of two
wi t @BClowe i s better than another;
ul t s: Gy Ae rGaDd Dahe Qualatidawanddwef good
ranges from O to 100. The ODQ = 0 i f

(@]
D ™0 € T o C
D

Qo -
- «Q
Q S

O
O
O
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in the data, anldl téreei @QdddQowds 1 M0 tther dat a;

= = = =
® @ @ D

ults_QA. DataQualityRating: Overall Dat a
Leviel ODQ; = 90
LevBe:l ODQ 80 ;&& ODQ < 90
Lev@:l ODQ 60 ;&& ODQ < 80
LevDle:l ODQ 6 0
ul t s_Qne.aanb $§ MlaMltuee of ;al |l wi ndows
ul ts_ Qe BabdsMASIItutee of pbad wi ndows
ul t s_ QAmegaano sl dllfaMiuee of good wi ndows
QIIAt o Si gnanaMaks kof awi ndows(wiwtdihi me m®i osni gn
hanhewisndows) ;
ul.tAssmpdA ChamamalsMasokfi: wi ndows de@tih hhigh
i mension whadows$ »;
QIAt §r equency Maiske Mafs kwi nmdows wi th high
ower frequency, (wiithh naepnpsliiocna bel hea)d pneoti ks e
ul.tlsowX™ rrel ati ofm Mavs kn:doas masd kohiwsiltohw corr
i mension whadows$ ¥ ;
QIAt RansacBadWi mde WwMaosfk : wiandows wi t h RA
orr e(watdihaomesnsi on whadows$ ¥ ;
ul.tGveQAl | BmaMaslkf ai ndows wi tvi tdver al |
i mension whadows$ §;
ul.tfsr_aQA i o n BfardaWitni doonwss : o f bad w{wnddaws for
i mension thannel s
uAtlBad@ChanndlogghrcamAdladdl edranhel s from al

>
>
>
<

wi dhmension thannel s

= = = o
D ® @ @ Q

= =
@ @

= = 0
@D © =

_‘
D

rame details

s QAL gneertae r ss.agmrpd ti;en:g r at e

sul ts tQAr p.aWiamkowiwBdowndsze i n seconds (de
sul t smeQAe rpsa.rHai g hoPweesrs badigle of the frequen
filtering, Hz

sul t smeQAerpsa.rsaell mlcdbradwistels iomd tdcdhea msred lesc t (ee .
[ 1: 4, %a BB0e]f aodnl Bt i s

sul t smeQAe. rpsa.rbaa d Wi ccduacwTidnd egfaccidd wi ndows;
sul t smeQAerpsa.rPrower Frequeney:aubpboweaers f5r0e gqHz
i nese) . No tpionme rt Hateqiure nSA,i s 60Hz

sul ts _QAs..praorbaunsettDee v iZgatcioo e T lcrud o d | df:or rob
deviati on;

sults_QAFpamngamaet ¢ No4-ssceolrher ecsthtod dfn dlor nos
ratio (signal above 40 Hz) ;
sults_QAcparamat e maaXhmals hocdodr:r el ati on be
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wi ndow riasnghea)d s( (0, 1)

results_ QA. plhamlMeaagefrbBgchannel | ocati ons.
have channel |l ocati ons;

results QA. plhamimeytz Xcr&Zor di matcehsgananfelssel ect e

results_ @©Aspahcahmenoncesl: | ocati ons of selected

results_ QA. pamaae $saamppl leeSsi zfeaRANDAR et anpgt
= 50)

results_ QA.pamaamcecCRrahnacFraoation: channel s
recomstomu¢degfault = 0.3

results_ QA.pamaameCenrr eduwttdafoin Tho esédlohdi: on

wrt neighbors (detf ape tf or rhd d))

35WB_EEG_prepro

WB_ EEfreprsoa specitfoiopeadambamttapdepedcessing
ofonti nuonawatEeE G emdkv eadt idffea.cgt.s resting state
and obtain clean EEGIdatug pwiot lepd RS To creesfse rEe
raw data wntalves algigln keerdo oi MPreproeeass®i. ng EEG
dat sicdni)gf 3
[ 1] Qual i toyf alEskEs@eastsamesMb t iqrugaltih ayt HeF®S s ment
NOTchange t laea.E&IGf t he wale(r@alQ) deaxtcae eqd a
t hreshol d ( defparuelptr oicse s8s0i)n,g tchoeunl dt hbee cont
[ 2Plassband and ndt cahp pfliilctaebrlieng

[ Alrti fact remov;al : EOG regression
[4Arti fact removal :;residual artifact remov
[5(]Bad channel I rtedrep celmactRiIBGT and r e

[ 6] Qual i toyp raespsreobcBe@esdetdt a afoweal arti fact r et

[ 7Mlar ki ng resi dual bad bl ock wi*@siumgisuall
zscoredcB®BPs channel s, and then clean EECG
obt afiinreal | y.
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@ Raw Continuous EEG Data

v

® Quality Assessment

0DQ>threshold?

Artifact Removal

@ EOG regression

Remove residua
artifacts?

@ Yes

Residual artifact removal
| ICA-based MARA |

Yes

Remove Bad Channels

A 4

I
I
I
I
I
I
|
I
I
|
I
I
|
I
I
|
i
@ Passband and Notch Filtering —»

| ICA-based ADJUST |

No

|  RobustPcA |

| ASR \

Bad Channel Interpolation

| RESIT \

A

A 4

Re-referencing to REST [«

1
1
1
1
1
1
1
i
1
Ss | |
i
1
]
1
]
1

Quality Assessment @

A 4

A4
Marking Residual Bad Block

|

Clean EEG Data @

'

END

v

Fi gPi BedSth@&ndardi zed preprocessai(nBawf cont
EEG data with artifacts such as eye blink,
of EEG ,aaw odnattd cahkyoverall data quality (
(r angi nglOf@efm ull t is 80), t henc otnheThgreepr oc ¢
EEG aw data willkimafmes sesasredl bad channel s
identified aorsanmettai ms can bRasekmand naiMB _
not ch {iifl tagrpil nTghaebldeat a canvibg Hiammednegd wi hds
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sinc FIRArftiilfteeat. remov.@aAl | i B@GAGrr e @rgeg £sisom n
be utilized to remowver EdGE@GE AacH artraeslIt u s(25NQ V
residual arTthief arcets irdeunadv aalr.t i facts wvdi || be |
met hods.,aCkr mantolfy 4 common used methods ar
including  MuUCAiI plasedrti fact(MAREA et CAobadédol
ADJUST, robust P CA eacnodn sa Ir igfRa cotme $Bhalodsl s a c € 61)

channel iiomt exnmpadfleaenci nort oi NREeSETh et ah c e n,
d ect samchad ar dntzert p acitn@ath m idREES | T)p hamd ¢c & splir
interpo$%8at) omr e provided i n t he oWeBrain.

preprocessed EEG datlaM8yfkiienrg arretsiifdaucatl rbeando
unusually high orstosveeampdrid(8dBY iualtiIN@IsS &
chanBalds bl ocks wil |l be mar ked as |leaabnel 999
EEG wwatéah RESTarmefebteanicreed finally

Parameters

sel eCmamber with indices o0d46[ 1t:hdeo mm:B30e]cht ed ¢
Def awwlbtl i s

EOGc hanrumeb er wi tthhei nEdO& ecsh aonfa ] 6 . Defaul t i :

thre:0D@reshold of over al ©a dtatrae sgucall d g ( C
preprocessing cDed ladi| bdtEion®Oi hluat t he ¢
assessment (QA) would NOT change the EE
parameters are fixedwimdoWwe s plzceweirsc és ssi
edge of thehifghgquasiscsyf ictleaeorfifngf racti on
wi ndiosvsDs. c4or e cutoff f or irsoZbdugsotr ec hcaurt noef If
f onrottssei gnal radrer etldartasa@gmod d i s 0. 6) .

pass:pannsdband .ofbdfidl[tlieg4iOn g .

Powdr equepocwer frequenc@hi Desadl t Nbsi B Hhe

power frequency is 60Hz.
keepUnselect ChannsFIl ag
keepUnselect ChannsFlag = 0: do not kee
keepUnselect ChannsFlag = 1: keep all «c¢h
badChannel lnterploateFlI ag

badChannel I nterpl oatneFelrigpganad éhavedoc NOAnNe
| ocations i n EErGe fcehraenn coicrfgo ntgoh eR E SaTe .
201Ylao, ;2001

badChannel Il nt @repludt e Rphadg altm=eedl channel s r
EEG. dat ar ed ®irreqac e el ectrode standard

techniREWBaEdEY aul t i's using RESIT (The
interpol ated w{DiomgRESTRde§ e 2e0nleré . |, 20
Yao, ))2001

badChannel Il nterploateFl ag = 2: I nterpol

usisaigheri cal splindPeirmtienr peofl] a@minan L9¢
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reeferencing to REST.
residual Arti fact Removal FIl ag:

r edsuial Arti fact RernreoowoaviaFll;ag = 0: no
residual Artifact Removal FIMud t epllee ArGA fk
RejectionWAhgdbeirtgm al ., 2011

residual Arti fact Remov allMolgango n= e2); allCA b2a0
residual Arti fact Remolviah Fétagal=. 3:20PCA m
residual Arti fact RemdWwualllFelna ge)t= adl:. ,A S2R) InBe |

MARA thcettoff posterior parnohbaalktielfiatcyt fwohri | e
MARA met hod. Default is 0. 7.

badWi ndowThreshol d: cut of f f acftarond eotfe cta d
bad channel s.

srate: sankpE G ndgatraat el tofcan beEBRG@tdantad.i cBdd

for ASCIlI I/ Fl oat Dtoxt Fs h ®@u lod fMAITIL ABh e msa
rate by had[d].6 .Default is
Not e:

Notinqualhiaty assesswiond dERNGTErheeww\s d @& & &fa
t hever al baldia@eQ)g exceed a threshold (def
preprocessing could be continue.

EEG data wil!| be i MpodEE@dABlLs DEEMGRE nsti onwmc
EE@at a mbhsatn hkedisme poi nt s.
I f channel |l ocati BBEE daesrbdbttectedt aihmeadel
contain, | meahbodesrequired EEG channel CQ
interpol-mased, MAKASs ed CADIRESSTT;r efeer enci ng
etc.).
| t i S suggested to use thisithmolsinglepr
poi/ AVIG/nked LM reference. | t I S naot suppoc
speci fuind podm@mr recording montage, such as
the contral at.er al mastoid (CM)

Out put s

For each subjectonstsaahmpr pprfodEGawhd ch be
generated_grsapfeid easwh*i ch contains the <cl ea
with dianeaarshi edlmsme )moidntpsr epr ocessing info (
results of each preprocessing step). The
online or EEGLABwomfgl Ffoetbttddedviil sebleéeéi | e.

EEG. preprocessed. Bjas30bd@ od F iplatsesr .bamalc K i3 t er
EEG. preprocessed. PassbandFilter. passband: |
EEG. preprocessed. Padsabnam dii Iwti exrd.oovadmesn tnsc =
EEGeprocessed. NodyesEiéf oernohebkf kIl tering;
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EEG. prepr atiédstseerd.. Noottce hbaeddng b
EEG. preprocessed. BOO®Bs @ §frcers s @G . rcengerceks s=i o n
EEG. preprocessed. EOGregression. EOGchanns =

EEG. prepescdesakdrtifactdR@:soivpp!l reksedlual= art
remagval

EEG. preprocessed. resi dual Ardsiufsaec tdREsAeayv al . M.
MARA met hod to remomeaer er ecdetdatialls acdn f bet
Wi nkl er, S. Hauf e, and M. Tanger mann, AL
| CAomponents efnoorvaar tiinf aEEG rsi gnal s, Behze
Functions, 7, 2011.

EEG. preprocessed.residualufAaberf a@adt Rermo vcaol mphb.
to compuisBpCdefaulb)

EEG. preprocessed. residual Ar tpiefrd otrRre motvan h (M)
"extddrCdAd wyhntlkssi mati ondEftauditnisgObl ocks

EEG. preprocessed.residual Arstbpact Ramovalg. W
wei-gheange < this

EEG. preprocessed.residual ArtmdxacniBenilmev alo.fM.
| CA traijning steps

EE. preprocessed. residual Artijtdas iReimag al . MA
spheri nmg doeffGadug tta i s

EEG. preprocessed.residual Arrsi f adt Reerntoivfad c. the
detected by MARA;

EEG. preprocessed. resi duadAli Arftoi:f ascttrRuecntowrad . dvi
more information about MARA classificati
MARAiIi nfo.posterior _artefactlpC odf: Ipeisngrar

artefact.

MARAi nfo.nor mfeat s: <6 X nlC > features
nor mal i zterda ibnyi Tnbgke edfactaat.ur es ar e: (1) Cur
(2) Range in Pattern, (3) Local Skewne:
813 Hz, (6) FitError.

EEG. preprocessed. residual Ar tciuftacotfRe mpwoalt e M.
probabililtCyofobeeaghan artefagct while us

EEG. preprocessed. residual Ay sufsaec tbiREsheayv al . A
ADJUBEt hod to removBbordeesiad U al adrotuitf aAcDtJIsU !
be seen i n Mognon A, Jovicich J, Bruzz
Automatic EEG artifact Detector based on
featur es. PsychopW9s{(abagy. 48 (2), 229

EEG. preprocessBdmoeal dABRD bh&imbfe@st of I CA
components toispmputargidefault

EEG. preprocessed. residual Ar tpdrafcarRme motvan h (A)

21



"ext drCAdd gnt ess1 mati ondMdftauatnisgObl ocks

EEG. preprocessteRlemewald.umaDJAUST .$le@hst bpai nli QA
when wehiagnhgte < t hi s

EEG. preprocessed. residual Art maac thnRiembewalofA
| CA traijning steps

EEG. preprocessed. residual Artiff aant Remdval . A
spherdatgadoeff@aan] t 1 s

EEG. preprocessed. residual Antsitf @adt RgmhoV alct A

EEG. preprocessed. residual Ar tiisftacoRerhovalz.oh
eye movemdrGts ( HEM)

EEG. preprocessed. resi dwarltAcdmnf a:otf Reveorvta lc.aA
movemeémBM (s

EEG. preprocessed.residual ArtifactRemoval . A
(EB)Xs
EEG. preprocessed. residual Aritstf acft R@bnolv@adg . A
EEG. preprocessed. rABIJUASR.l| AoJWLf at cidNReesnnoovl adl
EEG. preprocessed. residual ArviD ffaecatt Ruerneo waall .uble
EEG. preprocessed. residual ATKiflace Rleonlod al . A
EEG. preprocessed.residual AKtfeattyRemoaaluehs
EEG. preprocessed.residual ArSEDathRembobld. A
EEG. preprocessed.residualSkEDtifrfatiuRemoadiueh
EEG. preprocessed.residual Ar SADatthRembvoald. A
EEG. prepr ocessteRle mewa Id.uAaDSIUCE Tf.feS8tDur e val ues
EEG. preprocessed.residual ArteD Sk ttRermos/rad |. A
EEG. preprocessed.residual GDh$Sk ffacatRem® vaadl We
EEG. preprocessed.residual AMEM fha efsRemaval . A
EEG. preprocessed. residual MEtV ff eatt Rle mo wall .uk
EEG. preprocessed. resi dualyrdst srdoabcusRteonP@ Al . r
remove residual artifacts;
EEG. preprocessed. resi dualwkr tgohfta stpRe m@v adr. 1rcC
term in the cost function
EEG. preprocessed. residual a&rantact ®emesvappr:
EEG. preprocessed. residualmaxiirhamt Reumnmobvear! . 10
itersations

EEG. preprocessed. r eSR.dcuhadyctbrutsiefS &cett fheondo vtad . A
remove residauaé aei aAfSdxd b b ent tsheee nt oionl
&l ean _dawdat a

EEG. preprocessed.residualtAanddnmndt Rembabwil oA,
for removal OAR Quirseastcidwa av AISIRg .i s 5

EEG. preprocessed. residual Artifact Removal . A
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number is the maxXi.Bymctoloar atfed b@@." 0% han
given time window of the recording that
calaitbron dat a;

EEG. preprocessed.residual ArtifactRemoval . A.
t he power tol erances oudisvare toifmewhwicrd oav
considered "bad", i n staanrdoardst deBVEGt pown
di stri banriamd (bpwer boumpdevi bagetplaeamei e
determines how ASR calibration data is b
be specified as "off"’ to achieve the sa

Defau83t5,i5. 5] ;

EEG. pesped. I nterpmloaskiilpmand cblea kn el interpol

reeferencing to REST only (if have chann
EEG. pcepsod. InterpolGae eoar eommegt $ o = REST
3concentric spheres head model

EEG. pr epr olcTe snsteedr.pPoH S tyi ebsru.sceh e RE S |1 =T met hod
reconstruct bad channel s;

EEG. preprocessed. RESI Tinterpolation. badchal

EEG. preprocessed. RESI TRES&r pboal saetdi noameanct @ mnte n |

spheres &egad model

EEG. pr eepdr.oScpehsesr i cal Spl i nes | riteee fpeorl eart d iomg c otm

REST basedcemtd3 i c spheres head model

EEG. preprocessed. Spheri c@BSupslei n2SIl ntmet pboldar:
reconstruct bad channel s;
EEG. preprocessed.p®phadarionalb@mlcihmexsnisnt dri st o

c O

EEG. prepr
EEG. prepr
EEG. prepr

o

cesgedDAQAfdcreclkrti fact removal ;
cesse@AQAf ceommamt isf &act r emoval
essed. QA. resul t s: results of QA

o O
(@)

EEG. preprocessed. MgrakaBré&ndBrao kKko.nghreac k masr ki ng
residual bad block with unusuathwdardh o
devisati o

EEG. preprocessed. Mar &Ba &BIngc kr. ecsoi ndmeanit s b a=d
artifaaddt, removal

EEG. preprocessed. Mar kBadBl ock. zgsopbpedGFP:
standar dadcdrewvssatdlmannnel s;

EEG. preprocessed. Mar ksBaadnBll aor cdkt . iSelefst lshortiedsihso | d -
equal Zsootdecutoff for irnobQAs.t channel de\

O S
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Li nks:
SoneEG preprocessing tool s:

https://sccn.ucsd. edu/ wi ki / Artifact Subspa
https://www.nitrc.org/ projects/ adjust/
https://github.com/ methlabUZH/ automagi c
https://github.com/ germangh/ eeglab_plugin_.
https://githuBl elmomIVd sLab/ EEG
https://github.com/ bwrc/ ctap

36WB_EEG_prepro_cm

WB_ EE@repcms a speci fticol patdd asranad&sedi zed
prre@cesc<iomd i mfupadva tEeE Gr eemokviemad t io(fea.cgt.s r est i n
state EEGndlatoa)t ain cl ean EEIG diag as uvd g dir tReEd
the EEG raw data-uwipbl ar specofdicngnomont ac
i psi |l astteoriad (maM) or the cRPmdaprad ad £giang mMABEG
data congl)stds of (F
[ 1] Qual i toyf alEskEs@eastsamesMb t iqruga ltih ayt & FHs edsos me n't
NOTchange t laea.E&IGf t he wale(r@alQ) deaxtcae eqd a
threshold (default is 80), then the prepl
[ 2Plassband and ndt cahp pfliilctaebrlieng

[ Alrti fact remov;al : EOG regression
[4/Arti fact removal :; residual artifact remov
[5]Bad channel | er ted repr eelmactRiBGT ; and r
[ 6] Qual i toyp raespsreoscsensesnetd EEG data after arti
[ 7Mar ki ng residual bad bl ock wi*@siumgisuall
zscoredcB6®Ps channel s, and then clean EEC

obt afiinreal | y.
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https://sccn.ucsd.edu/wiki/Artifact_Subspace_Reconstruction_(ASR)
https://www.nitrc.org/projects/adjust/
https://github.com/methlabUZH/automagic
https://github.com/germangh/eeglab_plugin_aar
https://github.com/VisLab/EEG-Clean-Tools
https://github.com/bwrc/ctap

@ Raw Continuous EEG Data

v

® Quality Assessment

0DQ>threshold?

Artifact Removal

@ EOG regression

Remove residua
artifacts?

@ Yes

Residual artifact removal
| ICA-based MARA |

Yes

Remove Bad Channels

A 4

I
I
I
I
I
I
|
I
I
|
I
I
|
I
I
|
i
@ Passband and Notch Filtering —»

| ICA-based ADJUST |

No

|  RobustPcA |

| ASR \

Bad Channel Interpolation

| RESIT \

A

A 4

Re-referencing to REST [«

1
1
1
1
1
1
1
i
1
Ss | |
i
1
]
1
]
1

Quality Assessment @

A 4

A4
Marking Residual Bad Block

|

Clean EEG Data @

'

END

v

Fi gPi gedSth@&ndardi zed preprocessi(nnBawf cont
EEG data with artifacts such as eye blink,
OoEEG rawudatmati cahbkyoverall data quality (
(rangi nglOf@efma ull t is 80), then therhgrepr occe
EEG aw data wild/l be masbessed aby biadds hahn
ident saimedt aime. More details Passlhbhandeamd.i
notch iftapphgcable). Thei W@atkldammainnd ewifndc

25



sinc FIRArftiilfteeat. remov.@aAl | i B@GAGrr e @rgeg £sisom n

be utilized to remowver EdGE@GE AacH artraeslIt u s(25NQ V
resi dual arTthief arcets irdeunadv aalr.t i facts wil |l be |
met hods. Currently, a kiendproofvid eadommon hues e

including MUCAI plasedrti fact( MRRAgct ilCA Adlage!
ADJUST, robust P CA eacnodn sa Ir igfRa cotme $Bhalodsl s a c € 61)

channel i Nt errpedleateinccn n o or eREeSETheentcaet i o n ,
d ect samchad ar dntzert p acitn@ath m idREES | T)p hamd ¢c & splir
interpo$%8at) omr e provided i n t he oWeBrain.

preprocessed EEG dat aM8afkiienrg arretsiifdaucatl rbeanto v
unusualolry Ihoiwg ha mp I-si ct ousdeed nudsairrdgSdz®6 ) ataico o s s
chanBalds bl ocks wil |l be mar ked as |leaabnel 999
EEG wwatéah RESTarmefebteanicreed finally

Par ameters

|l eftchanns: i ndex oft I|Reeffteraheafrén efhes.s geoxicd )u.d i
6[1:2:16] 6;

rightchanns: i ndex of right chghhelmaséercd)
e.@[.2:2:16] 6;

xyz | eftRef: coordinat es d&fpf. 3r0edf, eOr.BInFlel , fO4 rd .
row i s Rgzesoofdreference for | eft chan

Xyz_ rightRef: coordinates O0D. 3@9%5 Inh,cC] of.0r
The row is xyz coordinates of reference

EOGc hamumeb er wi tthh ei nEdO& ecsh aonfa p] 6 . Defaul t i :

thre:0D@reshold of over al Oa dtahrae sghuoall d g (
preprocessing cDed ladi | bditsion®Oi hluat t he ¢
assessment (QA) would NOT change the EE
parameters argr ddess(i wign dtoowel s plzceweirs 1 s
edge of the frequencsy 1lcanzohf ghrpassomil
wi ndiosvsDs. cA4or e cutoff f or irsoZzbdugsotr ec hcaurt noef If
f onro ttssei gn al rad rer etlsart¥d sdtbmids 0. 6) .

pass:pangdband .ofBdfidl[tieg4iOn ¢ .

Power Frequewery frequenc@hi Defadl t Ndbsi B Hhe

power frequency is 60Hz.
keepUnsel ect ChannsFl ag

keepUnselect ChannsFlag = 0el slo( cdhe®ft a uklete

keepUnselectChannsFlag = 1: keep all c¢h,.
badChannel InterploateFl| ag

badChannel I nterpl oatneFelrigpganrad éhavedocNOAnNe
| ocati ons i n EErCGe fcehraend coicr®go ntych eRE SaTe .
201Yao, ;2001

badChannel Il nt@ereploudtterFrpalgate 1t he bad ch
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EEG. dat ar ed irreqic e el ectrode standard

techniREWBaEdEY aul t i's using RESIT (The
interpol ated w{DiomgRESTRde§ e 2e0nlevé . |, 20
Yao, )2001

badChannellnterploateFl ag = 2: i nterpol .
usigspherical splindPeirmtienr peofl] a@minan L9

reeferencing to REST.

residual Arti fact Removal FIl ag:
residual Arti fact Removal Flag = 0: no rem
residual Artifact Removal FIMud t Fpllee ArGA fk
RejectionWAhgdbeirtgm al ., 2011
residual Arti fact Remov allMolgango n= e2); allCA b2a0

residual Arti f actARenad(bhiohdFé agal=. 3: 20 PC
residual Arti fact Remd¢MualllFelna ge)t= adl:. A S2R0 InBe |

MARA _thrcettoff posterior parnohbaalkielfiatcyt fwohri | e
MARA met hod. Default is 0.7.

badWi ndowThreshol d: cut of f f 6acftarondeotfe chta d
bad channel s.

srate: sampling rate of EEG &&tGa dalktta. c Btk

for ASCIl I/ Fl oat Dt xt Fs h ®u lod fMAITIL ABh e msa
rate by had[d].6 .Default is
Not e:

Notinqgualkhiaty assesswiond dERNOGTrheewws d @ & &fa
the overuvaalli ©9®) a egceed( defabt eshaol d80) ,
preprocessing could be continue.

EEG data wil!| be I MpOdEEGWHABl.s DEEME nsti omwmc
EE@at a mbhsatn hketdisme poi nt s.
| f channel | ocati ons @are sebtectedt @ahmedel
contlaicma,t i meatshods required EEG channel caQ
interpol-mased, MAKAS e d CADIMESSTIT,r e feer enci ng
etc. ).
|t supported for tha EpP6cubwpadlaam mweddr d
mont age, suchl amashei dpéil Mat er the contr
ONL.Y

OQut put s

For each subjectonsaahmr pprfodEGawhd ch be
generated_grsapfeid easwh*i ch contains the <cl ea
with diaoteaarspi edlnspe® i)ratngd pr eprocessing info (
results of each preprocessing step). The
online or EFEGLABwomfgl foehtddedviil s$ebleé i | e.
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EEG. preprocessed. Bas®sb@ rod Fiplatsesr .bamac K i3 t er

EEG. preprocessed. PassbandFil ter.passband: |

EEG. preprocessed. Pad&dabnam dlgi Iwti exrd.oovadmesn thsc

EEGeprocessed. Notyeds Eniof oernohebkf el tering;

EEG. preprNmtié&s ¢ ¢ @& r . ontott hcl ht beannddn: g nb

EEG. preprocessed. EOO®Gs @ §frocers s @G . rcengerceks s=i o n

EEG. preprocessed. EOGregression. EOGchanns =

EEG. prepescdaabdrtifactdR@:soivlel resediual= art
rmov;al

EEG. preprocessed. resi dual Ardisiufseec tdREsAeadyv al . M,
MARA met hod to remomeaer er ecdetdaiialls acdn f bhet
Wi nkl er, S. Hauf e, and M. Tanger mann, A U
| CAomponeni $adtor r@amaov al i n EEG signal s,
Functions, 7, 2011.

EEG. preprocessed. residualufmberf adt Remo vcaol mphb.
to compuibBp¢Cdefauoul)

EEG. preproc
"exteha@gad
EEG. preproc

essed. residual Ar tpiefrd cotr Rre motvan h (M)
ght Bssi mati ondBEfauditni sgObhl ocks
essed. residual Arst bpct Ramavalg. M

wei-gheange < this

EEG. preprocessed. residual ArtmdxacnhiBenilmev alo.fM.
| CA traijning steps

EEG. preprocessed.residual Ar t[idhhaddtf Ré mgv al
spheri ng doeffGmdug tta i s

EEG. preprocessed.residual Arrsi f adt Reerntoivfad c. tie

. M,

detected

EEG. pregped.creesi dual Arti fact Removal
nf or mat i

mor e |
MARAI nf o.
art
MARA
nor

(2)

813 Hz,
EEG. preproc
probabil.

nf o.
mal i

EEG. preproc

ADJU®E&t hod

be seen

Range in

by MARA,;
MARA. MAF
on about MARA cl assificati

posterior _artefactlpC@C odf: Ipeisngerart

efact .

nor mf eat s: <6 X nl @r> efaedt urCe s
zed byThkekefetrnaaunesgadat a(l) Cur
Pattern, (3) Local Skewne
(6) FitError.

essed. residual Ar tciufta cotfsRteenr@voarl . M.
ty for each |1 C of being an art e

essed. resi dual Ay tsufsaec thREsheadv al . A
t o removBblordeesiad U al aarotuitf aAcDxJsU ¢
n Moi gcnho nJ , A, BrJuozvzio n e L, Bui att
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Automatic EEG artifact Detector based on
featur es. PsychopW9s(abaggy. 48 (2), 229
EEG. preprocessed. residual Arutmbfeact Refmov allCAA
componenpust ¢ o(idseinaul tar g)

EEG. preprocessed. residual Ar tpdrafcarRm motvan h (A)
"ext drCdAédd gnt ess1 mati ondMdftauatnisgObl ocks

EEG. preprocessed. residual Arti $Bacp Retnmroavian i. nAg
wheweighange < this

EEG. preprocessed. residual Art maac tnRiembewalofA
| CA training steps

EEG. preprocessed.residual Artiff @aat Réemdval . A
spheri ng doeffGmdug tta i s

EEG. preprocRistsiefdacteRemoavaadl .isDI WIT. aartticfoancpt se:

EEG. preprocessed. residual ArtiisftacoRerhovalz.oh
eye movemdrGts ( HEM)

EEG. preprocessed.residual Artsf aotf Regumeorvtailc.aA
mo v e mémMIC §

EEG. preprocessed.residual Artifact Removal . A
(EB)XCs
EEG. preprocessed.residual Aritstf acft R@bnolv@ad . A
EEG. preprocessed. residual ArSMDO atchtrReesnhooviad . A
EEG. pregroegesdeal Arti f act ReWi viae a tAuDrJeU SvTa Idu
EEG. preprocessed.residual ATKiflace Rleonlod al . A
EEG. preprocessed.residual AKtifeatyuyRemoaduel
EEG. preprocessed. resi dusaolgArimaE fsaEtDhhRembo b . A
EEG. preprocessed.residualSkEDtifrfatuRemoadiuel
EEG. preprocessed.residual Ar SADatthRembwoald. A
EEG. preprocessed. residualSAMDt iffeadtuRemwvwadluehs
EEG. preprocessed.residual ArtGD Sk ttRlermeosvhad . dA
EEG. preprocessed.residual @GSk ffacd tReme vaal We
EEG. preprocessed. residual AMEV ftaltnt Remolvd |l . A
EEG. preprocessd Removiadu AIDAMBIY I TIfmaodowa¥e: val ue
EEG. preprocessed. resi dualyrdst srdoabcusRteonP@ Al . r
remove residual artifacts;
EEG. preprocessed. resi dualwkrtgihffacarRempwuals.er
term in the cost function
EEG. preprocessed.residual d&rantact®emsvappr:!
EEG. preprocessed. residualmaxiirhamt Reumnmobvear! . 0
itersations

EEG. preprocessed. resi duad SaitsiefS &cett Rheondo vtad . A
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remorveesi dual oaret idieatcaNSIRsam b b @ t tsheee nt oionl
&l ean_G,awdat a

EEG. preprocessed. residualtAanddmadt Rembati oA
for removal oA Quirséscoénsar ASR)ve value i

EEG. pr epr oclefsrsteidf.arcetsRednuoav al . ASR. bur st _crit _
number is the maxiBymctoloar @af ed b@@." 0% han
given time window of the recording that
cali bration dat a;

EEG. preprocessd Removiadu AISRr. tbiufrat cr it _reft
the power tol erances ougdisvare toif mewhwicrhd oav

considered “"bad", i n staandoabbwstdeE"VE@Gt p ow
di stribution (|l ower andpuipmlesy paoruaardet. erTo:
determines how ASR calibration data is b
be specified as '"off' to achieve the sa

Defaul83t5,i5. 5] ;

EEG. poepssed. I ntemdpboskapadmachelck i st er pol at

reeferencing to REST only (if have chann
EEG. pcepsod. | nterpolGa¢e efoar emenimegt € o = REST
3concentric sm@mheres head model

EEG. preprocessed. RESI§gedstee poREBESIhod.mehe c k
reconstruct bad channel s;

EEG. preprocessed. RESI Tinterpolation. badchal

EEG. preprocessed. RES|I TRESA@r pboal saetdi noamernct @ mnce n |

spheres &egad model

EEG. preprocessed. Spherical Spkieheslemtcée ngol &1

REST bagsedcemt3ic sm@pheres head model

EEG. preprocessed. Spheric@BSupslei n®@SIll nimet polda:
reconstruct bad channel s;

EEG. preprocessed. Spherical Splineslnterpol a:

EEG. preprocesedAQafdcreclarti fact removal;

EEG. prepr
EEG. prepr

o
o
D

sse®@A QAf cemmamt isf &act r emoval
ssed. QA. results: results of QA

o
o
D

EEG. prepro
resi dual
deviation

EEG. preprocessed. Mar &Ba &B Ingc kr. ecsoi ndnueanlt s b a=d
artifadt; removal

cessed. MgyrekeBrandBlao kko.mgdh e mk r ki ng
bad block with unusuathwdardh o
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EEG. preprocessed. Mar kBadBl ock .ozfgsoned@GFP:
standar dadcdrewvssatdalmannnel s;

EEG. preprocessed. Mar ksB aadnBll aor cdkt . lnSeTefst lshivrtiedsihso | d
equal Zsootdecutoff for irnobQA.t channel de\

Links:
SoneEG preprocessing tool s:

https: ccn.ucsd.edu/wiki/Artifact_Subspau
https: nitrc.org/ projects/ adjust/
https: |thub com/ met hl abUZH/ aut omagi c

httagist c o m/iCVietnab$ EEG
https: ithub. com/ bwrc/ ctap

[ |'s
[ | ww
/I 1 g
https://github.com/ germangh/ eegl ab_plugin_.
Hub.
/[ 1 g

37WB_EEG_Cal cPower

WBEEG Cal ciPopwatd oodpbowkat d mg i t-emsueeqn<iy

ana si s of( usEGAL BfiumgdltCiadgnc ul ati ngcposviest $ ndi

of Fi)g. b5

[ 1 eci fidcdareawvreaber acted accokedendl dmdllbhde i
i npauv e n Bil abermpt v, | albld dd aga pppHEI@@adpment s i n
bad bl ock (keadebyo?MBOBE G mdar k) wi | | al so |
automati N@QUU$egd Bwadcal cul ate power indices:s

[ 2peci f iIECEGewamgtheal di wiskmad |i retpowc hs.

[ 3] EEG data of isadédp ephh)c hwgdiefheabgeenewd t
anal yskFa-Bowvirtiher Tranegboamn (FF&) absol ut e
power @ateetcosdpe chiafniBekceh datwa | dipmbeehr | y

detr bedwmod#e equenc.Yhanpbweirsvalue is calc
C .
S 0B
@ pﬁaepsﬁn&xu

0 Qe Qie " Qo Q

where Y is compl ex n uAdbiessr coccoamgoctud kaut se d b
operati omlds rucsdifingMAT,lt AR) umrtdtl Gip KOG

the window sizel Aigl xig ARODII Alt@@E Adky

ol . Noti ngmutlhtaitp,| y by 2 account anfdor neg
counteract the reduction bycasiaet Hafn}B
tapering.
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https://sccn.ucsd.edu/wiki/Artifact_Subspace_Reconstruction_(ASR)
https://www.nitrc.org/projects/adjust/
https://github.com/methlabUZH/automagic
https://github.com/germangh/eeglab_plugin_aar
https://github.com/VisLab/EEG-Clean-Tools
https://github.com/bwrc/ctap

Fi gPi pebialesul ating power (AGal celsatoif n g EgGo wi
indi ces of adats@Preeppreci feivenevent data are
according &wentlea.bignpIpbebppEEG®abhbment s i n
bad b ladbeHl (919 9 9, mak k@ dMab k) WBi | | al so b
automatically, and NOT uSsteedpptec i ¢ alcc elvatndg [k
signalbe wWilvlidmedadl Ili nBwmegB&S&S. dat asmdddeadth
(defaul t i's 5bs epocimpegukhcheas-Ebysceewditl
Trans(flopRTmMp bt ®i n the absolute EEG band powe
s pecdiiafnidB8Qal cul ating pow®@Arl |i mditdaewnid ¢l d sileh t @
smal | epochs first, (amdl| ude ngwlialtld bbel oueskesdh t
cal cwlwetre ipmdi ces.

Default frequenNwwebra ndty, alrie Wt X 4at), al . , 19
al ptVal ver e)t al(ddMae20 ledt ), alb. gJtoa?idritd et al
Mal ver el dBliodp2201l4eMalaver, @M 18KBtoIE2014et
al . ,;M20v¥8r e) ghb rmab2edrltd eNuweér ,etd@aédld. 199
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