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Abst rac&

.Veurul act:r:iy In the brarn produce~ weak dgnam:c elec-

tromagnetic jeld~ that can be mew-red by an awa~ of

3eu.3or9 [’nmg ● qatto-temporal modchng ~amrruork, we

have developed a ntrx ●pproach to locah:atlon of muhlple

neuml sources Thu approach M based on the M(’SIC al-

qonthm ongmally developed for esi:matlng the d:rrct:on of

amval of3:grtak :mptngrng on a sen90r a=y W-r present

apphcat:ort.~ of thl.~ techn:~~ L’J magnetic field mea.~urr -

mcnt.~ ofa phantom and of a hmrnan evoked somato.~en.~o~

response The re~dt~of the ~omato~cn.~o~ local:: atlon arr

mapped onto the brain ●natomy obta:nrd from mcgncttc

resonance image.~

1. Introduction
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verse problem for certain chaes of neural activity, such

aa the ●arly respon= to an ●xternal stimulation Pwsent

methods are b-d on stat:c field analysia, which Ii,nits the

compkxity of neurond activity that can be ●xarnirwd To

overcome thae limitations, uc have extended the analy-

sis to the temporal domain by caating the problem In th?

framework of sensor array wgnal procaing and ●dapting

tecbnlqu= developed in sensor array applications, such w

acoustic, radar, and aeiamic signal proc~ing.

Our ●pproach to functional imaging ia baaed on !bfL’-

SIC ( ML’lriplc Source Identification and Claaslficatlon), an

algorithm originally developed for determining the dlrec-

tlon of arrival of signals impinging upon a eenaor array [3]

We have ●xtended the algorithm to ●pply to nmtromag-

netlc me~urernents (magnetoencephalography or M E(3 )

and/or rwurcwlectric nw-urmwnts ( EEG ) ?h~ ●pproach

analyaea both Lhe cpatlal ●nd temporal aspecta of the fIel~l

rrwaauremmts Urning an ●igenvalu- artalywa of th~ spa-

tial/temporal me~urements, MISI(.’ ldattlfi~ ● olgnal

au bapace A virtual “test” source ia then ccann~d through-

out th~ volum~ of the brun to look for geometrw lnt~rwr.

tmnn h~tv+-n the field patterrm ptoduc~d by the mllrcr

●nti th~ signal autrapa.ct The reaultlng thrw dlrrwnwonal

vcdurwtrw scan can h- ●amly corrdatd to anrf/nr l-on

sr,rslrwri hy utatnrn Ical structural lmag~r> C)n( . thr Lx-a.

tmns of the art IvP rwurnl regmns arc d?trrmln~d from thl~

Wan, th ‘ rorrmpondlng t~mpor.d actlvstmn patt~rns ran

be fourr[l by s Ilnear IeMt equsrm fit

11. MEG/EEG MUSIC Algorithm



field generated by a current dipole murce can be exprewd

as [s]

B=
ldR-Gxti,A~q
G@_ ~lolfil ‘

(1)

= ~z) tis (2)

6 is th~ radial field “tre~gth at_locatlon ~ outside of the

head ~ is the strength and .V Lhe unit Vf?CLOr moment

(or orientation) d the currenL dipole source located aL ~

Inside the head. The defined tj( ~) is a gain vector, relating

the moment intensity of the dipole to the external field

Due to the gm-_try of the.s model. only the two tangential

components of .V produce external radial magn~cic fields

L’sing m measurement locations and expr-ing ~ ~) M a

1 x 2 row vector, we can st=k thr gain vectors for a single

source I to form M m x 2 gmn mwrix G,, that sptiifia

the radial fields produced by each of th< two tang~ntial

components of the source. If .~ is ●xpressed as a 2 x 1

column vectorAthen the overall radial field producrd by

source i u G,.\f, The temporal dlrr-wnslon is added to our

moael h~ fulng the ~urce locations and orlenLaLlons —

G and .tf me time invar~ant (% rcf-rencm [4 5] for a

treatmenL of ti-varying orientation ) The time-varying

magnetic field memuremen Ls produced by p sourcm can

then be ●xpressed as

‘“) = [c’n’ ‘P43+2(1)(3)=G: It)+ ~(t) (4)

wh~r~ ~(f) LS th~ m x 1 v-ctor of m~~ur?menl,s .~-(f ) dr-

notm the dlpolr magnltudr. an(! ~(t) r~premts th~ w41i I-

Ciw now or meaau-m~nt ●rror

Fundamental to th~ MI”SI(” spproach uc th~ conr~pt of

Jognal ssb.spam From (4) we know that any “p~rfPct” fwld

meucrerrwnt, uncorrupt~d by nm.w. would !IP In ch- COI

umn spar- or signal subspav of th~ gain m~trlx C Al

though the slgnnl suhspar~ IH not known a pmon, It IS mt,l -

mat.d from sucr*Iv P me~ur-men” “sna~hot.-” using the

mngular valup kompmsltmn [s] I’urthermorp, in the ab

~nr~ ( f “~rr~~ ●mhlgllltlm, ” Lh* on]} Murrm wh~ fi-ids

ran IIP In th~ wgnal au bapar P ●r- t% tru- sourrm Henrp,

oncP th- slgn~l ●uhwpA~P IP known !h* mnhIpl# .~oarrc Im

Cd UaLKM) probi~m rmfumm to lh~ gw]m-trlr prohl-rrl of

d~tzrmlnlng whlrh nlngle ~urrr fi~ld< II* wl(hlrl the m~nd

sulMpacP This In a.rrmnplish~rl h) ~n •xhaustii~ wan of I

mnfl# soarfr m-r all pCMIhl P loratlon~

At ●un cand~rtct~ smlrr~ lWALIOtI[, s m-aur~ 1( [)
of t+- lnt~rwrtlon h*tw-n the ●lgnd nuhapsr~ ●n(l Lhr

Mur ,P gain 1~ rompul~~t an(j Wd-rl kwtwmn s~rl, an,l orw

with a VAIII~ ,~fon- lndlt~tlng n pmfmt Inl-rwct.l,)n “th+

lnt~rw.-!lr)rl ~ ,Ilnt.- rr)rr,ml)orlrl r,rI th~ Un,{erl$lrll w,IIr,,e I(

Catlnns In mll~l~i~r} th,. %ft’(;/tt:~;Ml Sl~ algl)rlthrn

rr)n~l~r~ Of I}Ic. fr)llowlflg Qle~Im

i

Fig 1 Awragt of the ●bsolutt r+nsa acmas all ~nsors

f~ the phantom cxpsrirnatt
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From a set of succmaive field rnewurements Iwe the

singular value decompoaitlon to -tlmatc the numbrr

of sourcm and to characterize the mignal subpace

At ●ach point ~ on ● fine grid of thredlrrwn:lonal

locations. cc)mput~ the intersection rw~ure J(L) b~-

tw-n th~ signal subspacc and the gain or forward ft~ld

produc~d by a source ●t that location

Identify source Iorations from th~ maxima of th- in-

tmsertlon rneasur~ wh~rc J( L ) approach one

Optionally refin~ the location mtlmacm b} using a

fin-r grid )33 sourrr UF&I

For ●ach sourc~, romputc th~ orl~ntatmn ,fi an(l MtI -

vatlorr tlm~ cou~ S(t) [4]

111. Phantom Data Fksults
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Fi~ 2 Phantom data - Six ●xkl slicas of ttw initial 5 mm
MIJSK scan with peaks daAenad fm clarity Slice run from

:=5 5 to :=8 O cm and mch slice spans ● 1O cm in the r

●nd y directions

Using the MUSIC algorithm, the data -t WU scanrwd

over ● 20 cm murce cube St ● O 5 cm sample Interval to

extabllsh the overall quality of the data and to confirm

lh- a~nc? of amb)guous he~ regions Thr scan results

were cxannned by converting th~ thr~ dlmcnmonal mctrlc

information into two dirncnslonal sllcm In Figure 2 WI=

thou six axial SIIC- from Lhe mltlal 5 mm M[’SIC scan

Using the 5 mm Man nmult, ● smalkr region UM -
lccLcdand scanrwd at a I mm Interval and the r~ults also

displayed M slIrm From the slIcm thr~ “peaks” ( pmnts

uh~r~ the metric approachml on-) w~rc identlft~d In FIg -

urr 3 uc show nlrw uIal SIICM from th~ 1 mm MI”Slf”

scan with c~h art of thr- spanning an Identlfid aourr~

Iocatlon

The Iocstlons of th~ ML” Sit’ van p+aks aw given In

Table 1, along with th~ true murw Iocatmns Snur<m 2

and 4 we~ well rmlvd ur lndlcat~d by the nnrrow pemks

In both tigur~ and Lhe good agrwm~nt with th- tru~ lr-

caLw-ms Th~ oth~r scmrr~ that wam lri~ntlfi~d hat! a much

bromk pemk thal spans the r~glon n~sr %urr~ I ●n,l 3.

Indlcatlng thmt th~ two clcxuly cpmc-d xnurr- ma) not

b rwdvahl- by this array Configuration lnd~d the thrw’

snurrm Id*ntlfi*d ●xplsln 99 p?rr~nt of the datn varlanr~

H*p~tltlons of this •xp~rlm-nt could tw rondll~rd t,) d~

wrrrllrw th~ vmlsnc- of th~ rmlllt-

IV. Somatoeensory Data Results

Fig 3 Phantom data - Nine ●xial SJicss of th~ final 1 mm

MUSIC scsn with peaks dwkamd f- clarity Slica span

+2 cm in th r ●nd y diractims The top sat spans the

first wrca location with diem ●t :=5 8, 59, ●nd 60 cm

rhc middle aatapms the aacond source ●t :=6 2, 63, and

54 cm Th~ Mi,m -t apsns the fourth sourc~ ●t :=7 7,

78, and79cm
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“’L-JWW++--4‘i’‘ ‘t– data - Three die- of the 5 mm MU-

SIC scan f- the AotA caae with p~aks darkened f= clarity
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Fig 4 Average ●bsolutt ~oked field from

stimulus

x

Both ] 0,5 4;3 6*9

Rntg 08 41 7.5

Thumb 0.6 45 72

Table II MUSIC locations of the eomat-n~ piu~electric

stimulations

Slit= shown ●w fm z=6 5, 70, ●nd 7.5 cm ●nd ●ach spans

+10 cm in the z ●nd v directiom

E!!!!!9R
E!!!!II!!
R!m!9m

Ftg 6 %nat~n~y data Nm~ sllcm of thQ 1 mm MUSIC

scans with ptahs darkmed fcx cktty From top r- to bottom

r- tho SIICU ●rt from th~ AofA m~g and fA~m6 cams

ShCaz dwwn aft frx :=7 O 72 and ? 4 crn ●nd ●ach spans

the z SXIS horizontally from 20 to 20 <m ●nd tht v SXIS

vertically from 30 to 70 cm
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FIg 7 MUSIC SGUrCC Iuat& of the thsmb rsapons.s in MRI

scam of the subject

ihrm crans exhlblt broader MISIC peaks than thr phan

tori) data The broad~r peaks mat be du~ to mm-bllng

errors slncp thr dlpolr aour~,’ md spherlfai h~ad nmd~l

u-d ar~ a bettm physical match to [he phantom than to

a human h~ad


