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ADAPTIVE ENHANCEMENT OF
MAGNETC)ENCEPHALOGRAPHIC SIGN ALS VIA

MULTICHANNEL FILTERING

Paul .’. Luuti

Los Alamos National Laboratory-

M~chanical and Electronic Enginwring
MS J5W, Los Alamos, NM, 87545, [f,S.A.

Abstract

A tirn-varying ❑patid.”tempord filkr for ●rhmrring mul-

tichanrwl magnctucncephalogrmphic (M Et;) recording of

●voked rqmnnen i~ dmcrilwd. This filtrr in W on pru-

j-ttone dmiwd from a combination of m~azurd data and

a priori modeln d the ●xpccLRI reqrnnrw. It produc~ ea-

timmtea of Lhc Fvokl fields in ■ingl- trial meaaurmwnts.

The atimak can reduc~ the n=d for signal ●veraging in

norm ■itualionn. Thr filtrr uso th~ a prtort model infor-

rndion to ●hnnrr rmrpon~ whwr th~y rxint. but Lvnids

crwating wpormm th=t rlu not ●xist. Exmmp]m nrc inrludd

of th~ Iiltw’n npplirallon to boLh MEG ningl~ trial data rtm-

tainirrg m auditory wokd RPM mnd rontrnl dat- with no

WOhd fhld .

1 Introduction

The mwnitudc of thimnoi~ d~pmdn on the particular zml-

cor, but u of th~ order of 20 ff~t””tlz, or ●bout a 14LIIT

■tsndard d~viation for a 50 Hz Imrvl. Fkcmr- of th~ pr~-

●wr of intrinnir zemror noiw and rwurd bukground attiv-

ity, the ■ignal-bnoim (SN R) ratio of EF meururementi in

quit? poor, ranging frnm O to 20 dll and wornr,

To overcome th~ pr SNR and permit EFrI tu be mea-

sured, signal averaging of ● numbm (- 25 1(U)) of dislinrt

triab is gencrdly ●mployd. In lh~ ideal casr, whmc from

trial to trial tht signal rcpliratea oxutly ●nd th~ noiw inun-

correldd, mvcragingof N trials improva th~ SNR by ● fu-
tor of v’N. Althrugh signal avmqing in Lhp predominant

kchnique used in MEG, it mtTermfrom wmral drawbuka.

From ● practical pint of view, averaging r~uiru ● larg~

numtwr of tridz to obtain a ❑inglr EF rrw~utwmmit. From

● thwmtiral point of view, th~ brain”mrcnpomw varim from

trial tu triml mnd ●vwaging d- not allow lhin vmmtiurr 10
br obmrwd.

2 Single ‘IHal Enhancement



ewh mmsuremenl poinl In a clinical wLting, this knowl-

edge n]ay come froln pre~ious rneaqurelnents, in *hich cane

the L&hnique can srr\e to bolh enhall(e the fiingle trial

Illeasurenlerrts and re(iure the overall Ilu Mber or Lrials ner -

-ary for signal averaging. III a research setting. lhin

knowledge may c-ome directl} Irt)rll mI; eIIseInble average.

In this case the goal is noL to reduce the numlwr of trials to

be averared, but rather 10 perform al) a pstcrlGr, estimate

of the varying response III each trial

(iiven tha( a set of nlt)tlr=l signals exist (or each of the

meas!lrement channels, [h(, ( rux O( lhe enhanrerl)cn[ pro b-

ICIII is how Ln use this Infc)r!lla(ic)n In a n)arlrler lhat en-

hancen evoked r-poll~cs wller] they exist I>(I( dtws not rre-

ale t!vcnl where Lhev do riot e~is[ ‘1’() 5aL1.qf~ Lhis ronditit)n

involvm a trade-oil (’utilization of (hc m{)del irrforrrlation

illvolvefi (orclrlfl lhe ll]e~sured dala L() lake on somr= nuhke;

of lhe Model’s rharaclcrislics If the qlrhsel is LOO small,

no enhancement takes plarr If ~he suhsc( is 100 large, the

mndvl in j~l~t recrratc (l, Irldel)end(,li( of al]) rharacterint, rs

or the actual under lyirl R signal I’hc al)l)r[,ach oulllned In

the nexl two sections uses tin)e-varyir)g projection opera-

tions 10 ~?leclively force lhr= dala (() lahr on nelectd prol)-

ellin ofthc II UXIV1, wilhou! lol all) coil.qtrainilig the output

a prlorl.

3 Enhancement Via Spatial Pro-

jection

4 Enhancement Via Spatial al~d

T’cxI]poral Pr(ljw’floxl
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Itrt)jw.lioll M (Ielil)ml hy

(4)

(5)

TIN, i’xponmrlial paranmtrr A crmtrok lhr rflec:ive nize of

Llw window an(l COIISIVIIIC, II II} LIW tradeotl hrtwrw=n rnhance-

nwnl nntl wdulion ronslrdinl. N{ILe that for A 0, (5)

sllllljlifirm tt} thr spalial l)rt~jeclion ( 1) or Sec lion 3.

Fi~ure (i show+ llw rwull ~ir thin windmwd npa-

tial tmllpc~ral pr(lJM I ion filler appliml 10 the tF clmla d

k ig 2. A valur :d A () HI WM UWWI, A II wokrwl rmprmw

al IIM) IIIS IN I Irarl} Yisil)lv In all d lht singlr trials and the

rhuwwl 1
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average signal is IIIUCII IONS Iloisy LIIAII in Lhr previous exanl-

plm Figure 7 shows [hr rrwults or lhis sanw filLer npp]iwi

LO the :nntrol ~at,, of Fig 3. Hrrc no rormigtent response

is nm.n in Lhr ill(iivi(iual trials al]d no resl)onw is fvldrlll ill

the average. l-his rxanlplr rielnor]stratm that careful UFW

of Lempural in forlllalion (an inlprow the b~qic ~palial pro-

jection filter without overly cmwlraining llm M)lulioil md

rrrating reapomws where nonr exisl.
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Fig. 2. l)ola contaimng audlfory L’Fs, The upprr elghf

rurt’en are mngl= frld measurcmcnta /rem rhannel I. l’he

Fig, 3, (’onfrol data uIIthout F.”Fs, i’hr upprr eight curl,es

are mngle trld mauuremed~ /rem ehanrtiel 1, The buttorn

bottom rurt,e IS fhetr average, curt)e IS (hclr avemqc,
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