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BEHAI(EEG) - AMRBREHAI(MEG)

- MREMMNRETIER TEZE R 2 EEEE (1000HZLL L) TEHAI
- EEG > BER EICKREL-EBMTERZETH
« MEG = Ta7ICBEIN=a4 /L CHENDZELZEETAI

deca i thirou d b skull 155~ 1/10 decs W acCo rlin 0 to disance?
http://meg.aalip.jp/vsEEG/VSEEG.htm|



E MR DOFER (Berger H, 1929, Archiv fur Psychologie und Neurologie)

% B mokmEEEEaE 440D @ 2027, 2016

Hans Berger ®% —How did EEG become the EEG?— #® 1

#2OBL HRMREMA 44(2) 16070, 2016

Hans Berger ®%* —How did EEG become the EEG?— £ ® 2

% BN MORAEEERE 44(3) D 106—114, 2016

Hans Berger ®%* —How did EEG become the EEG?— Z® 3
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#sbTDE FMEGETAI (Cohen 1972, science)

Magnetoencephalography: Detection of the

Brain’s Electrical Activity with a Superconducting Magnetometer rrm—

Abstract. Measurements of the brain’s magnetic field, called magnetoencephalo-
grams (MEG’s), have been taken with a superconducting magnetometer in a
heavily shielded room. This magnetometer has been adjusted to a much higher
sensitivity than was previously attainable, and as a result MEG’s can, for the first
time, be taken directly, without noise averaging. MEG’s are shown, simultaneously
with the electroencephalogram (EEG), of the alpha rhythm of a normal subject
and of the slow waves from an abnormal subject. The normal MEG shows the
alpha rhythm, as does the EEG, when the subject's eyes are closed; however, this
MEG also shows that higher detector sensitivity, by a factor of 3, would
be necessary in order to clearly show the smaller brain events when the eyes are
open. The abnormal MEG, including a measurement of the direct-current com-
ponent, suggests that the MEG may yield some information which is new and

different from that provided by the EEG. /////// ,r//// ,/ //////_

Head away Eyes closed Closed Closed
£ d al i - L] T —, ' ol B
A
MEG wansimpmsmset sy WWMWMWMWMW*WWMMWWM
2x1g° g'l'.'ll-l!'-i:[

4{}#?1 | sec



MEG : B4 Itz H51 T

: ég ﬂ (b) (c) K
z dB,/dx
<1 S > d

magnetometer  planer gradiometer

Il @ il (e | o (©)
4 C-b >

e S €D D> D

axial gradiometer

FIG. 26. Various types of flux transformers: (a) magnetometer;
(b) series planar gradiometer; (c) parallel planar gradiometer; (d)
symmetric series axial gradiometer; (e) asymmetric series axial
gradiometer; (f) symmetric parallel axial gradiometer; and (g)
second-order series axial gradiometer.

Hamalainen et.al, Reviews of Modern Physics, 1993



EEG, MEG : 4IRS MitE

« 500001 LA E DA BIEAL-ES;EE (0.6mmA2)

- HEHIREDLFTRAREL (1005 FTALL)
(“MEG an introduction to methods” edited by P.Hansen, M.L.Kringelbach and R. Salmelin)

Cells in the cortex (rat)
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Hamalainen et.al, Reviews of Modern Physics, 1993
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Brain- trati 1012 ' ' ' ! J
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Hamalainen et.al, Reviews of Modern Physics, 1993



EEGEMEGDEHAIREDLE (IBEFIL>ZaL—2>3>&D)

BB T ARIEEICRENS
BEDEERICFEAEREFLEL

EEG leadfield norm 63ch

 EERICHGICET AREEICEREZDD
4 BEENEMO—/NRI4IILAELST-OERE
S EDZEM S ARREIFIELY,
BEDEERITIKFIT D
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IRTEAMEG : 7w T Bt s1A
HFMEG HHRETTHT REA—%

IH MEG SQUID (Optically-Pumped Magnetometer, OPM)
: J b Photo-detector
Rubidium
atoms
| Field
o coils
B-rf\:eld Z =
Glass
cell
Laser beam
p Intensity
7 I\
/1 \
AL 0 I
| ' Magnetic field

o FARHeliumMDARE > FHAaXFDIET
- DEMDENEIZnARE
« One-size-fit helmet > FEDKEZDESHERE DA

Boto et al. 2018, Nature 12
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arehi=E EEG/MEGH#T @ ST

(a) Stimulus 1 Stimulus 2 ... Stimulus N

' l !

..........................................

Luck, Steven J., and Emily S. Kappenman, eds. The Oxford handbook of event-related potential components. Oxford university press, 2011. 16



arehi=E EEG/MEGH#T @ ST

1&ATT—% = HTRtERS + /74X

(a) Stimulus 1 Stimulus 2 ... Stimulus N

. ! !

..........................................

B ersees—m
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Stimulus 2 .“"M\' e
t. I N | | / + T T T T - 1
el Y ": 0 200 400 600

|

______________ Time (ms)
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trands in Cognitive Sciences

Luck, Steven J., and Emily S. Kappenman, eds. The Oxford handbook of event-related potential components. Oxford university press, 2011.17



areh i EEG/MEGHEMT @ HFEMk T CIRENRK D

Event related potential (ERP) Event related spectral perturbation(ERSP)
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Adjamian, Peyman,2014, Frontiers in neurology 18
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EEG/MEGD A RLETH AN
o mEIEBETILETILTYXLFZRAINTA

A—SU T B

- JE{ZEE

. mH#F'aEJ’\ﬁ”ﬁ'é (RUR)
« BRUEE

o IMAEEILEDIES

MEG/EEG

7

Source image

EE./)IL/J?@/E

Recommended review paper

Electromagneti'c S.Baillet, J.Moscher and R. Leahy, 2001,
Brain, IEEE Signal Processing Magazine
Mapping, =:-x:

Opensource software 2010~

“\l:

MEG +EEG ANALYS\S & VISUALIZATION

hikp: [/ meomimage .ero.cdubraindorm

LORETA

Low Resolution Electromagneti ic T
Standardiz: dG’Exa t & Zero-er

VBMEG

Variational Bayesian
Multimodal EncephaloGraphy
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IEET )L : MAICEREZENZES(CEUDERANE - S5 FAITI3ETIL

MEG/EEG

b(rs) = g(r5, 1)j(r)

4 |J—k L IE
=5 J4—ILF
SR N Y ) )—F2J4—ILk = 58E1DERRNMES
R e LY TR DORIE - BRLD/NE—

o = ERRS L F RO - RICRLHIT S
R S 2
\ g(rs, 1)~1/|Irs — x|
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1. D3IRTETILDERK

1000~ 1000018 &

MRIE{&

XD3XTETIL

TI-MRIBE{E M5, BER -EBZE - & -REXRE
EHMHLRYIETILEED,

2. Y MELRHDEFRRDRYF T

fastscan

MEG-Sensor on MRI

(400 sensors)

3. BRERFAEAEHES

[ VXB = uof ]

magnetic primary
field current

b, =0, + -+ 0.,

bM - gM1j1+"'+g|v|N jN

BEERET ILEMaxwell FFERXZFHULVT.
TBiRRE ) DNERRT HHIEB 25T E T 5,

B=GJ
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Balillet et al. 2001

Lopes-da Silva, 2013, Neuron

KN EZFH#RIEL-1E 1R CERIBFRHIHERTET 5
BRMNBF(E3IDDOARZTED,
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IBE> )L : 58

IBIKETIL
(scalp-skull-brain)

v
]

PRZARET /L EEBRIREDESTIL

BTV RTAVIERETIL
(scalp-skull-brain)

HEETIL

3T ZEHE
1EH-YIDNDEREE
FBE XS <L

¥

« EAZEICMRIERZFERBT S E (T1-MRI, option: T2, PD)
« BEOINSEGRLET LT X L (tO)‘/T 3v)

o 2QITHNFRME

« REBEAREE, 1LAHYI1DDEREE (He etal. 1987)

- BULREE

- WEEDLREEMNELD

FYUBEHIGSBETIILBIRESN TS (Vorwerk et.al, 2014, Neurolmage)
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BEEENDETEIIEEGHIBETIVLIZKELEELEZ AN,
MEGODIEET IILIZIZZFSTIEELY,

Table 1. Tissue conductivity intervals [mS/mL]

Tissue Min.  Max. Standard Reference

Skin 280.0 [870.0 430.0 Haueisen et al.[(1997);|Ramon et al. (2004

Skull 1.6 33.0 10.0 /Akhtari et al. (2002); Hoekema et al.| 3)
Dannhauer et al. QZUI%p

CSF  1769.6 18104  1790.0 Baumann et al. (1997

GM 220.0  670.0 330.0 Haueisen et al./(1997); Ramon et al./(2004)

—

WM 90.0  290.0 140.0 Haueisen et al. (1997); Ramon et al. (2004
20 —
® Ski
181 o Skurﬁ -
e CSF
16 | e Gray Matter -
— ® White Matter
£14 | -
£
S12 | -
jah
é;lo -_ }
=
6 [ _ . 4
4l - — - P20, median nerve stim
o= . . . . . . 1 EEG,dipole method

0 01 02 03 04 05 06 07 08 09 1

Normalized Conductivity

Vorwerk et.al, 2019, Frontiers Neurosci. 29



JIBEES)LEEH : MaxwellHiERZ#2 <

EEG b)) A0 &
SGPNAL S

(o + o )WW(F) = 2Vo(7) + El;jé (o] — oj‘*)

j(r).current”

Noweacy L e s
MEG b(rs) = g(rs;r)}(vr)
By =B P) i Bl = o) #RHER
S_V(?') f—f:3xd.5}, (10) ( _ _
Si |# =] b12911]1+”'+glNJN

9

L bM — g|v|1j1+”'+g|\/|N jN

Numerical calculation

* Boundary element method (BEM) for isotropic conductivity
* Finite element method (FEM) for anisotropic conductivity B Gl

Hamalainen and Sarvas 1989, IEEE Trans. Bio. Med.
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min || B—GJ I°

MEG Model prediction

/DN ZFE

FREBEME: FAMEHRSEOBRYRIE—DICEERELEL,

100~400 "1000~
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S FRFERNERET7ILTUX A

c d

FAHR—ILi%
Minimum L2-norm
LORETA,sLORETA

Minimum current (L1)

fMRI-weighted minimum L2-norm

fMRI-hierarchical Bayesian

Spatio-temporal regularization

Meso-state

Dynamics

Beamformer

Scherg 1990

Hamalainen et al.1994
Pascual 1994,2002
Matsuura and Okabe 1995

Liu et al. 1998, Dale et al. 2000

Sato et al. 2004

Schmidt et al. 2002

Daunizeau et al. 2007,
Olier et al. 2013

Yamashita et al. 2004, Galka et al. 2004, Lamus et al.

2012, Fukushima et al. 2012,2015

Robinson 1999
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1F Bl{EiE

Tickhonov’s regularization

a 2
] = argmin (l |B — G” |2 + A‘ ”” ) (Tickhonov et al. 1963)
J

Data fitting

7ILdYX L
j=(G'G+1D)"1G'B

Inverse filter = W

penalty

> J =inv(G’*G+lambda*eye(N))*G’*B




WRERED7)LT U X LADOBH (FFHIFIDET I EDRE

il#y Hl#IR
BRI L TAILE—BD _ :
(Hamanalinen et al. 1984) min “ J ”
J
LORETAj% (Pascual ZERBELMNS - 2
1994) min || LJ |

&/INEFE (Matsuura and R/ \—R%Efi7 )
Okabe 1994) mJln | J |1

E—L74+—<i%k (BDvan &7 resolution matrix
Veen et al. 1997) WG =1
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Dipole [Bonf=r—=Xx

Moving dipole, rotating dipole, fixed . %ﬁ{t;ﬁi%ﬁb[ﬂ (mu|tip|e dipole
dipole

case)
Minimum norm - ER4HERLHHE ¢« EWVEHLDE—IENHEES
MN, Leadfield normalized MN, o IRGAZIT nas

LORETA, ...

- BPHE/iLeakage

Beamforming - ERPERALBHHE « BWVEEZHFOERREILHETET
LCMV « JAMXFXvE)l =2 YA
« HBHEFiLeakage

Nonlinear posthoc o E—VfERENEL « Leakageh N

normalization
dSPM (MN), sLORETA (LORETA),
SAM (LCMV)

Sparse o TAMELFZL - EXILERLREH#
FOCUSS, selective MN, minimum o t"_g{ﬁEEﬁ%bﬁ/J\éb\ o /’fX(:EEL\

current (L1), VBMEG, MSP, N . o e e
Champagne, ... Leakageh 7zl y o INAIN—INGFA—ZAFa—=1247
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True Simulated MEG/EEG Estimate

Localization Error, ﬂiﬁéﬁ%ﬂ%?ﬁw
Point spread EENZDULTERE
$3al—av T84 AA—=T TG FINT)X L
« Spread single dipole (smoothed with LCMV(normalized) : Linear constraint minimum variance
FWHM 8mm) beamformer
* MEG 398ch MN : L2 minimum-norm
* Gaussian noise SNR=3dB LOR : LORETA

SLOR : standardized LORETA
VB :VBMEG sparse mode, uniform prior, small gamma,
Gaussian smoothing 8mm



LCMV
Beamformer
(normalized)

Minimum
Norm

LORETA

SLORETA
(normalized)

VBMEG

sparse
(W = 2*10-5)

Program : SOLCO alpha version
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LCMV
Beamformer
(normalized)

Minimum
Norm

LORETA

SLORETA
(normalized)

VBMEG

sparse
(W = 2*10-5)

Program : SOLCO alpha version
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Localization error map
LCMV

Beamformer
(normalized)

Minimum
Norm

LORETA

SLORETA
(normalized)

VBMEG 20
sparse
(W = 2*10-5) 10




Leadfield norm of true and estimated locations

SNR=3dB

x1d lcmy

RN W A

—

estimated gnorm

oln

true gnorm -5 5 5
x10 x 10 x 10

Minimum norm estimates has bias toward superficial layer.



Spontaneous cortical activity transiently organises
into frequency specific phase-coupling networks

Diego Vidaurre & Laurence T. Hunt, Andrew J. Quinn, Benjamin A. E. Hunt, Matthew J. Brookes, Anna C.
Nobre & Mark W. Woolrich

Nature Communications 9, Article number: 2987 (2018) | Cite this article

Default mode network (32560 - BREEEEL O TRYNI—=IOhBE5,

a Canonical fMRI DMN b Anterior + posterior
cognitive states

- T#EF MEG, 55A
« Beamformer 42 regions
*  HMM-MAR modelz ALV IREER E SR RE AR AT

Vidaurre et al. Nature Comm. 2018
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