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WO 2004/ 068313 PCT/ US2004/ 002392 ONLI NE SOURCE
RECONSTRUCTI ON FOR EEG MEG AND ECG MCG 5 Field of the
wo pavets3on CGeneral ly, the invention rel ates toPtHes2004/002392

field of source inmaging. Mdire specifically, the
invention relates to performng online source
reconstruction for continuously acquired

el ect r omagnet@NLINESOEUR A RACBIOT
| nventi on ResearkdH 1Edn Al : ry to |l ocate
the source of electromagnetic activity in neural or
cardiac tissue in order to diagnose an illness or

FidRl 6F thie TRvertmavi oral patterns. The process of source
reconstruction is typically used to localize this

el ecf}émgg?%é ﬁvé’l‘ft{d.né‘.bfea bs td feShidld QPWGOQ%EF@. | fore

i nvol'ves ering 1 ect romagnetic sign om a

atd ent' s neural or.cardiac t.iss t hrough variqus
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magnet gencephal ogram (MEG, el ectrocardi ogram ( ECG
cqwmﬁ%}&%é%wgﬁ elsgromagnotesienalsi s data is then stored
and transported to a stand al one conputer system
ptliorbund ofithednventien f or m t he source reconstruction.
0 One of the drawbacks to this known nethod of

per f Resehmrers aud dectorsadf@ngty todddavthe sotioavf elecitaasgnat

provide an indication of the quality of the
acivag il AORANGohfdisl GhRa¢ i BEENY diQResda0iinbss b RImBe

variables are involved in determning the source of

bei%'(aémglfc}?:% &Q&&H&t rfie BotLdF¥ourbt bttt HHLMR Blealtd focalize

this electromagnetic activity. This process generally involves gathering
electromagnetic signals from a patient’s neural or cardiac tissue through various
modalities such as an electroencephalogram (EEG), magnetoencephalogram (MEG),
electrocardiogram (ECG) or magnetocardiogram (MCG). This data is then stored and
transported to a stand alone computer system which is used to perform the source
reconstruction.

One of the drawbacks to this known method of performing source
reconstruction is thgt it does not provide an indication of the quality of the
electromagnetic signals being recorded. A number of variables are involved in
determining the source of electromagnetic activity. Errors in the setup of the testing,
or a poor signal to noise ratio (SNR) can have a significant impact on the source
reconstruction calculation. Flaws in the acquired electromagnetic data may prohibit

an acceptable source reconstruction, requiring the patient to repeat the tests. Multiple



or a poor signal to noise ratio (SNR) can have a
significant inpact on the source 25 reconstruction
wa@adogobssts on. Flaws in the acquired el ectr onmagP€r/62004/002392
data nmay prohibit an acceptable source ]
reconstructjon, requiring the patient to_repeat the
tesgag g’.crel%ﬁstdﬂiﬁ%“ oft rw%mmégn@epm@smaﬁmme@zthe
testing increases the cost of the procedure and nakes
pgtienor e bur densone to the patient. As a result, there
Is aneed in the art for a nmethod of testing the
acquiAsedesudl, dete Bragee in thedatfor & metBiufRedtingtthd dcqaied
produce a relatively reliable source 5 reconstruction,
elobifdAAdheAl dbiao LANBEHNAPA cANBroRLES SRl ati VRWERTARP shific@
met hod and apparatus for perform ng source
.ruction online, wherein an el ectromagnetic
’ résclsgsgg"%ﬁlﬁder goes source reconstruction al nost
i medi at Xlaftgr it has been acquired. 10 In one
, esent invention includes an EEG
system conpri sin of sensors which are utilized to
gat h&pe Beset detenbam gricnehod pgh apratasfa performeing sowrce
signal processing system and a conputer system The
resopgickon eylitee mhericanélegmmeagnetio signgpmdergoed ddupdee
t hreads of execution. In one enbodi nent, EEG MEG

repeisektomalgidst demediaelyesior WTREBed doqgjredal 15 from a
patient and transnmits the signal to the signal
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signal processing system; and a computer system. The computer system is configured
to support multiple threads of execution.
In one embodiment, EEG/MEG sensors acquires an electromagnetic signal
15 from a patient and transmits the signal to the signal processing system. Using known
methods, the signal is filtered, amplified, and digitized into data packets which are
received by the computer system.
In one embodiment, the computer system initiates a first thread, a
measurement module, where the data is filtered and in some cases averaged.
20 Typically, the data is filtered for a particular latency period. Once the data has been
filtered and averaged, the result is given to a second thread, the source reconstruction

module, which then proceeds to generate a source reconstruction for the trial. The



In one enbodi nent, the conputer systeminitiates a

first thread, a neasurenent nodul e, where the data is
wo Rdo@6s3d3 and i n some cases averaged. 20 Typi cetT/yS20041@02392

data is filtered for a particular |atency period. Once

the data has been filtered and averaged, the result
megsyrent %dc, e thep @Raniras ead grocesies Bow clestrpmagnesicrdata frem a

nodul e, which then proceeds to generate a source
newdodsvhilecthe sourtorecomstructipmis. beligepe2fonile 00 #0688 1&cent trial.

PCT/ US2004/ 002392 neasurenent nodul e then acquires

and jpi oceasbslinent, e lfe@dbickiagp &tinogatimidatiofvdth thew

trial while the source reconstruction is being
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met. Using the results fromthe source reconstruction,
teptiiee sefumseany wedifisd taimcisesaibaiqhali of thei asgnisedeleetimnagnetic

qual ity of the acquired el ectromagnetic signal. 10
signalef Description of the Drawi ngs and Fi gures For

pur poses of facilitating and understandi ng the subject

matter sought to be protected, there is illustrated

in the acconpanyi ng drawi ngs an enbodi mnent thereof.

10 BHePDeai ARPHhE WhaSfind gt Q0s, Wwhen considered in

connectron Wt tne Totrfrowng description, the

' ought to be.protected, its
PR P Sl B 2 PP o S o el somgh o e
advant ages, shoul d he readi |y understood and i
Pfggeﬁ%‘@c ﬁgfeela luspied T thapsgemBayiRg dRRiaes . earbodivasnsthereof.
of online source reconstruction with a digital
From an inspection of the drawings, when considered in connection with the

following description, the subject matter sought to be protected, its construction and
15 operation, and many of its advantages should be readily understood and appreciated.

FIG. 1 shows a flowchart of an example of online source reconstruction with a digital

EEG setup.

FIG. 2 an example of a scatter plot showing dipole locations.

Detailed Description of the Preferred Embodiments

20 As shown in FIG. 1, in one embodiment, the present invention is integrated
into an EEG system 10. The use of an EEG system 10 is primarily for the purpose of

explanation only. One skilled in the art can readily understand that the present



EEG setup. FIG 2 an exanple of a scatter plot show ng

di pol e | ocations. Detailed Description of the
wor@iasssesl Enbodi nents 20 As shown in FIG 1, POT/O8®04/002392

enbodi nent, the present invention is integrated into

.an EEG system 10. The use of an EEG system 10 is

inpenfign 1S §psitppdaptrs ferrisoae nymber ghdiffszant applivatigns Whesein the

skilled in the art can readily understand that the

tigsuessontce 3 WhDeRODAM OGRSt 3igRallis bSRQMétedNARE2 i nventi on

is easily adapted for use in a nunber of different

app! IThatHB Sysedie 11 @ 14 dRe sedsbisSIPewhioH bfeutAfze@ R acquire an
el ectromagneti c signal is being determ ned. The qEEG
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[ c [ teml14.fi.lters, 5 anplifies, a
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system 16 includes nenory .storage devices for storing
nﬁ%‘é’% Figrage fﬂ‘&?&? ?f@é@%ﬁhﬁ Henalrgeared Srase Ehessigng! Peopetsing
14 and one or nore processors for processing the
s¥itefAd f and PRe orwRtRpTecessery Sorarpdesing throvignagur Bk ¢omputer
support nultiple threads of execution. Miltiple
sydtereddss adnfigexeictatsippport @pltipfethteads 5f agkatice MaRGe Bicads of
instructions executed in parallel wth other 10
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As opposed to multi-tasking which run essentia
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tion, e

trhectly between eagh thread. |n one. enmfodi t, an
W st R e rsiseesee. BiBRE treda e e SH8eng
.4 test setup conprising of a plurality of sensors and
1&0@1}13@5@ memgERa ofBerdpsqusas dimetly between each thread.

In one embodiment, an electromagnetic physiological signal is acquired using
a test setup comprising of a plurality of sensors and a signal processing system. The
15 EEG/MEG sensors 12 acquires an electromagnetic signal from a patient and transmits
the signal to the signal processing system 14. Using known methods, the signal is
filtered, amplified, and digitized into data packets which are received by the computer
system 16.
In one embodiment, the measured and digitized data are shared between two
20  integrated threads. One thread includes a source reconstruction module 18 wherein
the data is utilized to determine the location of the source tissue and whergin a
graphical representation of the source tissue is generated. One example of a

compatible source reconstruction module is the SOURCE® software package by
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15 EEG MEG sensors 12 acquires an el ectromagnetic

signal froma patient and transmts the signal to the
wa@aabs3ps ocessi ng system 14. Using known net hedEDS200€002392

signal is filtered, anplified, and digitized into

dat a packets which are received by the conputer .y
Neyescam Agecand thread samigluds smeaswsmeshsafege gogule 16 which is

digitized data are shared between two 20 integrated
capdtleaflanalyies, tittesiag, mapping) esd grapbimgdle adpind sigoek i(@e

nmodul e 18 wherein the data is utilized to determnne
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gr aphi cal representation of the source tissue is

I dirodg exanple of a conpatible source
Im?%%%ﬁgﬁguc?lon'nndule is the SOURCE(r) software
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One exanple of a conpatible neasurenent software
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5 I'n one enbodi ment, the acquired el ectromagnetic data
depefdent pdrl ik lypet of tédtiag beasionemAntepoddal teiall Bngthdne t he
ata is filtered and in sone cases averaged.
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atency period, the |latency period being dependent
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Once the data has been filtered aqg?av raged, the
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ic
module 16 then acquires and processes electromagnetic data from a new trial while

the source reconstruction is being performed on the most recent trial.

There are a number of different methods known in the art for performing
source reconstruction. Source reconstruction typically involves determining the type
of electromagnetic activity, such as a single equivalent current dipole (ECD), a
moving dipole, a stationary dipole, a fixed dipole, or a regional dipole, and creating a
model which attempts to determine the source of activity through the use of
mathematical formulas which describe electro-magnetic field distributions of the
electromagnetic activity. These models typically depend on the position and

orientation of the source, the position and orientation of the sensors which pick up the
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then proceeds to generate a source reconstruction for
the trial. The neasurenent nodule 16 then acquires
wane4pssscesses el ectronmagnetic data from a newpeT/Us2004/002392
rﬂlle the source reconstruction is being perforned on
e nost recent trial. 15 There are a.nunber .
elagitbfrasgnstic pignmlsRRdKhe FPMEIY H Cgflf‘u?t%ﬂtyé’é?ﬁ?e "r%f qfghe volume
source reconstruction. Source reconstruction typically
cohdwpdrvbsadimtahest) tismg. Theretaypeeversl modelstyiengisdnpwn in the
activity, such as a single equivalent current dipole
arf, BeR) incBude iMic8 Gotlopaicesphares BatndanaElenttinpMeghod(BEMp dnd
di pol e, or a regional dipole, and creating a node
' ¢ 0
F1¥1Eér %f&g%h% FORoY FEMIRIIHE Béhdub@r BaERe Of activity
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datd keads fo-suattpred fipolsi ngsiions insthe SPUES SRAGFBTINUP Shfmost probable

conductivity properties of the volunme conductor (head

soRfceqiveition. tAssacle. theT teeomstmcted sipodesainlytepedsentihe sipsprebable
known in the art, these include a three concentric

SO%%te’o@iﬁoﬁg)_undary El ement Method (BEM, and Finite
El ement Met hod (FEM vol unme conductor nodels. 5
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( SNRJ "« . ground activity, environmental and
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nost probable source positions.
moving dipole source reconstruction (using Source V2) takes about 3ms on a state-of-
the-art PC (~2GHz). The integrated measuring/source localization package
(SCAN/SOURCE) is able to reconstruct dipoles at one or several preselected latencies
after each measuring epoch/trial after averaging the data. In some instances, several
hundred and up to several thousand averages are required in order to improve the
SNR of the measurements. Due to enhanced computational performance, optimized
algorithms, and software architecture (threads), online source reconstruction for
electroencephalography/electrocardiography (EEG/ECG) and/or
magnetoencephalography/magnetocardiography (MEG/MCG) becomes possible.

In addition to the source reconstruction, the source reconstruction module may

also include known procedures for spike detection/event counting 22, SNR analysis

24, and for overlaying the results on anatomical data 26 (as shown in FIG. 2). In one
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10 Using online source reconstruction at a certain

| atency (e.g., 20ms post stinulus for finger/hand
wa@tioabssts on) the data quality/ SNR of the dat aP@i/Uk2004/002392

respect to source reconstruction/stability can be

checked online in real tine, since a single Vi
emtiodshent sthe seurce rconsiuection m@ﬁulﬁfg?tdé&ffg&i}? 2 e‘(ﬁ‘é‘}ng?tﬁ%goél (g
about 3nms on a state-of- the-art PC (-2G{). The )
foi ddtegingtepileptizaspilres) oy sseemaenynyess|of 2¥erRERs (pao RAgedpotential
(SCAN SOURCE) is able to reconstruct dipoles at one or

foS BMefidial ﬁfa?ﬁﬁ%?@ﬁcﬁ@k $M¥R engliysis. Thé s@rcemcbnsmmaton fungtionality
epoch/trial after averaging the data. In sone

is jgﬂ%ﬁtcaﬁgc? Sind BREEMs ard @BSa RN @1 ddRivalens evednd diohsisgivtal

verages are required i'n order to inprove the SNR of

the nmeasurenents. [

e SRR P 0 o) i s o
architecture (threads), .onl.ine ' .

A E R e e
(EEE ECG) and/ or

forfuetioad mppingl regfiaphy/ magnet ocar di ogr aphy ( MEG 1ACG)
beconmes possible. In addition to the source

r ecomid procédupnfortepidertivispiie reamstrsetionds differenscasing avatpging
al so include known procedures for spike

ofdBE BehhRBd 8ME BlkeS BIABE.I TEpidd saBPiRh@radsyst i theérdeand20GHz
overlaying the results on anatom cal data 26 (as shown

(5'%1%2).5%%& a%&om%tﬁd e d&efPnARRMANE83 13 tfmégwpcﬁgaggcan

f Iment, e ‘'source reconstruction nodul e first
erforms _gn event detecti j
b%mcpw@faﬁa% o YRR il e 5 Sk low
e.g., evoked potential for functional in
pior ShroBk e R AR qE Bon T HronS BUAHER FREG St PUET oty ond dat loss)
functionality is then called, and the results are
fodt |aqq_né$§eetbd(letegcy, tiggfuanga vef the sape advaaiaess é%%boas £hdnal
5 with an overlay to anatonical imge data) on a
adbeRpdtad andpiproval epileptid focanhicylémsion/dingnosis becomes possible.

In one embodiment, a feedback loop 30 is in communication with the
measurement setup that is acquiring the electromagnetic data. The feedback loop
controls the parameters of the acquisition process or stops the measurement after a
certain stability criterion or SNR is met. Online source reconstruction enhances the
possibilities of and adds value to digital (e.g., neurophysiological) measurements
since it provides immediate feedback over the measurement setup and the data quality
as well as the subject/patient condition. With confidence ellipsoids or scatter plots of
the dipole locations the increasing stability of the source position due to the increasing

SNR can be monitored and systematic setup/configuration etrors can be found

directly during the testing procedure.



be added (e.g., cluster analysis for epileptic spikes

28 or confidence volune analysis for functiona
worppioss31s esul ts.) The procedure for epil epti cCPEPURE04/002392

reconstruction is different, as no averaging of the

ﬂE&Su@fd dat a takegmﬁlace. Typical sanpling rates are

in t hetegpeiés sefforth gngheforegsing)desafntion and penpmpadywgidkawvings

detection/threshol ding of the ongoing EEG dipoles can

ipeffeisd brisvayuaftiBestotibn naly(adumot &s a Bmatason. Ubthilen pasicular

I mpl emented as separate, low priority thread on the
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acqui sition process or stops the neasurenent after a
PEBPELIVE basedsn the prief ateri on or SNRis nmet. Online
source reconstruction enhances the possibilities of
and adds value to digital (e.g., neurophysiol ogical)
nmeasurenents 20 since it provides i medi ate feedback
over the nmeasurenent setup and the data quality as
wel | as the subject/patient condition. Wth confidence
el lipsoids or scatter plots of the dipole |ocations
the increasing stability of the source position due to
the increasing SNR can be nonitored and systematic
setup/ configuration errors can be found directly
during the testing procedure. 7 WO 2004/ 068313

PCT/ US2004/ 002392 The matter set forth in the

f oregoi ng description and acconpanyi ng draw ngs



is offered by way of illustration only and not as a
limtation. Wiile a particul ar enbodi nent has been
wa@ bamessnsl described, it will be obvious to thpSEUS2004/002392
skilled in the art that changes and nodifications may
be made w thout departing fromthe broader 5 aspects
of applicants' contributi@im§he actual scope of the
protection sought is intended to be defined in the
What BldifAMledds: Cl ai 8 when viewed in their proper
perspective based on the prior art. 8 WO 2004/ 068313
1. P /&%ﬁg@@é&?g&g@_ Caims What is claimed is: 1. A
nmet hod conprising: acquiring a first el ectronmagnetic
physi ol ogi cal sj ; I [ ] . Shgnal.. for a
| at encya‘%élﬁgr’e%a%%?% g?cgﬁogdgalgg&gc u gltglb%é%g%g? %lﬁcti on for
the signal; and acquiring a second el ectromagnetic
physi ol gg?ré%ﬂt@iswgﬂ%ilaﬁmtyﬁ%n%eour ce reconstruction
i's being performed on the first el ectromagnetic
si gnal . performting Asewree respnerustion for thivdigwalndndhe step of
perform ng the source reconstruction includes
conput i agpuarisd medoené glecirahegrtetic physologithlpogel while hgesource
method of claim11, wherein the step of performng the
recog$ichibn | drfteink@0n thaistiglegramapnetic signal. novi ng
di pol e. 4. e nethod of claim1l, wherein the step of
perform ng the source reconstruction includes
conputing a rotating dipole.

2. The method of claim 1, wherein the step of performing the source reconstruction

includes computing a single equivalent current dipole.

3. The method of claim 1, wherein the step of performing the source reconstruction

includes computing a moving dipole.

4. The method of claim 1, wherein the step of performing the source reconstruction

includes computing a rotating dipole.

5. The method of claim 1, wherein the step of performing the source reconstruction

includes computing a regional dipole.

6. The method of claim 1, wherein the step of performing the source reconstruction

includes computing a fixed dipole.

25376501.1



5. The nethod of claim1l, wherein the step of
perform ng the source reconstruction includes
wa@eop06s3mgy a regi onal dipole. 6. The net hod of pct/asrmd/002392
wherein the step of perform ng the source
reconstruction includes conputing a fixed dipole.
25376501. 1 9 WD 2004/ 068313 PCT/ US2004/ 002392 7. The
met hod of claiml1l, wherein the step of performng the
1. souflmemethodnf tinine 1 | whereinnthé sidp of paiffigning RAGERE Fédonstruction
sphere vol unme conductor nodel. 8. The nethod of claim

incliideswWin@icd Eoricbfiris sftier®t ol QMG hbg&isour ce
reconstruction includes using a Boundary El enment

Met hod (BEM) vol une conductor nodel. 9. The nethod of
claim1, wherein the step of perform ng the source

rec@nstructi .1 ncludes usin Fi.nite El ement Met hod .,
5. FERf ] OFgim b GERHBEMER oEpsstitimite B qomie ssrgpstricton
. .conprising the step of averaging the filtered data.
mdﬁ":s USHS A Bewsiarioklement Meﬂ}"de{%@h&mhﬁé? cemstvstar snadglt he

step of applying a dipole onto an anatom cal i nage.

12. The method of clains, and further conprising

creating a scatter plot of dipole |Ilocations. 13. The

9. netThednethod biélain |, windeihuhé fiep of paRITINShd e Bodicd RbondtAiction
noi se anal ysis of the required neurophysi ol ogi cal

incl@dsasing% Fifile BRARMAMIEShGIAMRVSHhHE!,

10.  The method of claim 1, and further comprising the step of averaging the filtered

data.

11. The method of claim 1, and further comprising the step of applying a dipole onto

an anatomical image.

12. The method of claims, and further comprising creating a scatter plot of dipole

locations.

13. The method of claim 1, and further comprising a signal to noise analysis of the

required neurophysiological data.

14.  An apparatus comprising:
25376501.1
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sensor for acquiring an el ectromagnetic physi ol ogi cal
wa@aabs3ia si gnal processing circuit in comunPCERUSZING/002392

with the sensor; and a processor in comunication with

t he signal praocessing circuit, and configyred to

SUuBsBRser fﬁjlaeﬂlﬂrlag@hﬁ%a%mégneé& @bﬁ%l?leﬁl%]g $8%ne t hr ead

bei ng a measurenment nodule and a second thread bei ng

a seignekeproesssingcirguit irepnmmunication)8ith teseagpzanst us of

claim 14, and further conprising a display show ng

S O pEesdor GDdhmuaichtioh wih the sgra prdcaysity @it and configured to

anatonmi cal data. 16. The apparatus of claim 14,

suppMREh il R a8 SO cRTHNE Sndate dddethg a théasuldifent module and a
apparatus of claim 14, wherein the sensor acquires EEG

data. .18, . liai.m 14, wherein the
sawg@ﬁgg%iq%g%ggéggﬁ%%ﬁﬁﬁﬁﬁﬁgﬁf%éa%he apparatus of claim
14, wherein the sensor acquires MCG data. 20. A
met hod of testing conprising: acquiring an
el ectromagneti c physiol ogi cal signal through a test
15. seflihp 2ppatene pﬁﬂﬁl%é‘ht'@é herreppssing pedigplgnghiowing source
perform ng a source reconstruction of the data within
recoastpuctide resuits nestldyad enmtoyanatoaricgd datand usi ng t he source
reconstruction to nodify the test setup. 25376501.1
11

16.  The apparatus of claim 14, wherein the sensor acquires MEG data.
17.  The apparatus of claim 14, wherein the sensor acquires EEG data.
18.  The apparatus of claim 14, wherein the sensor acquires ECG data.
19.  The apparatus of claim 14, wherein the sensor acquires MCG data.

20. A method of testing comprising:
acquiring an electromagnetic physiological signal through a test setup;
determining the latency of the signal;
performing a source reconstruction of the data within a predetermined latency
range; and

using the source reconstruction to modify the test setup.
25376501.1
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