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This talk compares the adaptive spatial filters such as
minimum-variance spatial filter with the minimum-norm-
based tomographic reconstruction methods, by
formulating them as non-adaptive spatial filters.

Performance measures:

eBias In the reconstructed source location in the
absence or presence of noise.

«Spatial resolution.

eInfluence of source correlation.




Definitions

b (1)

b, ()
e data vector: b(t) = .

_bM (t)_

e data covariance matrix: R, = (b(t)b" (1))

e source magnitude: s(r,t)

e source orientation: 77(r,t) = [1,, (1), 1, (r, ), n, (r,1)]"




Sensor lead field
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Spatial filter for bioelectromagnetic source reconstruction

The spatial filter incorporate the 3D vector nature of sources

Scalar spatial filter

S(r.t) = w' (r,mb(t) =~ w' (r,n,,)b(t)
i

1, = max (3(r,t)*) = max w’ (r,n)R,w(r, )
n

n

Vector spatial filter
5,(r),8,(r),5.(r)] = " 3(r,t) = [w,(r),w,(r),w.(r)] b(t)




Non-adaptive spatial filter

w(r) is data independent

Adaptive spatial filter

w(r) is data dependent




Gram Matrix

Define Gram matrixG : G=[ L(r)L' (v)dr

Gram matrix G Is usually calculated by introducing pixel grid r,

Define composite lead field matrix
for all pixel locations such that

LN:[L(F1): R L("N):|

Then G =L, L,




Non-adaptive spatial filters

Minimum-norm (Hamalainen)
w(r)=G'I(r)

Weight normalized minimum norm (Dale et al.)

w(r) = G'I(r) /I (r)GI(r)

SLORETA (Pasucual-Margue)

w(r) = GU(r)/ I (P)G'I(r)




Adaptive spatial filters

Minimum variance

R I(r)/[I"(r)RI(r)] < min w' R,w subjectto w’I(r) =1

Minimum variance with normalized lead field

wr)=R"I(r)/[I"(F)R(r)]<= min w' R,w subject to w'I(r) = |I(r)|

Weight-normalized minimum variance (Borgiotti-Kaplan)

/\/IT R,I(r) < min w' Rw subjecttow’w =1

=1(r)/|I(r)|




Bias of estimated source locations

We first take a look at the bias of reconstructed source
locations for these adaptive and non-adaptive spatial
filters.




Resolution kernel analysis

b=[I(r")s(r')dr
s(r)=w" (r)b

1> 5(@r) = jth(rZI(r’ZS(r’)dr’
R(r,r')
li

Resolution kernel

A single source at
s(r'y=0(r'-r) = s(r)=[R(r,r"Yor'-r)dr'=R(r,nr)

No location bias <«  Resolution kernel peaks at r,

)
R(r, 1) > R(r,n)




Non-adaptive spatial filters

The source at r, has lead field vector f : f = L(r)y

The condition: R(7;,73) > R(r, 1)

Minimum-norm fG'f>1G'f (I=L(rm,,)

IG™'f

-1
Weight normalized JG f >
minimum norm JITG2f  JI'G™I

SLORETA (fFGHT'G') > (G f)

Schwartz inequality valid
because G Is a positive definite matrix




Adaptive spatial filters

The condition: R(7;,73) > R(r, 1)

Minimum-variance ”f” cos(l, f) <1
[Z] 1+ afl - cos™(I, f)]

Minimum variance cos(l, f)

1
with normalized lead field 1+ all - cosQ(l, )l )

Weight-normalized cos(l, f) <1
minimum variance J1+ala +2)[1-cos’(l, f)]

iy
— <1
11

a=(c! /o) IfIf > M), 0<cos(l,f)=
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Minimum norm

Minimum norm
(normalized
leadfield)

Weight normalized
minimum norm

Reconstruction results of this single source

The cross mark indicates the source location

SLORERA

Minimum variance

Minimum variance
(normalized
lead field)




Effect of noise on location bias

Condition for no location bias:

o!R(r,m) + o) [wr)| > o/R(r, 1) + o [lw(r)|

SLORETA:

2

A ot

]] cos’(l, f | G™") <1, where Q(r) R(r.1 )

Minimum variance with normalized lead field

1

<1
1+ a[l—cos’(l, f)]

o’ : noise power, o : signal power, input SNR: « = (o7 / o2) ||f|




Minimum-variance
SLORETA (normalized lead field)

a =8M(1184)

a = 4M(592)




Spatial resolution comparison

When there is no location bias, the mail-lobe width of the kernel
can be a measure of spatial resolution.

Point spread function: ¢(r) = R(r,r) /R(r,r)

Gy
JFEGHIG™M)

SLORETA: d(r)=cos(l, f|G™)(= )

B cos(l, f)
1+ afl-cos*(l, )]
i

Because o Is a large value, this part causes
a rapid decay of the point spread function

Minimum variance: ¢(7)
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Reconstruction experiments when two sources exist

Minimum-variance

(normalized lead field) SLORETA

Source distance

4.2cm

Input SNR: o = M



Source correlation influence for adaptive spatial filters

(Sources are uncorrelated)

1Pq

(Sources are partially correlated)

1pp

When () sources are correlated with the pth source,
1,
Q |R
N e B S J
s(rp,t) = s(rp,t) + qZ:l R
I

S
spatial-filter output leakages from other correlated sources

. . . -1 . —1
R : source covariance matrix, [RS ,.-the (p,q) element of R




Signal cancellation
When two correlated sources exist
A o, U
S(rlvt) — S(rlvt) _( 01[ )8(r27t)
2

31,0 0) = ~(Z25)s(r 1) + (1)

U

<§("17t)2> =(1- ﬂ2)<3(r17t)2>

<§(r27t)2> = (1 - ﬂ2)<5(r2>t)2>
li

Source power decreases by a factor of (1 — x°)

|

source correlation coefficient




Reconstruction experiments when two correlated sources exist

Minimum-variance
Correltion (normalized lead field)
coefficient

SLORETA




Auditory somatosensory response
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Somatosensory response (right median nerve stimulation)

intensity (fT)

latency (ms)

Minimum-variance
(normalized lead field)




Summary

*The resolution kernel analysis validates the previous findings that
SLORETA has no location bias. Minimum-variance filter has no
location bias, If it is used with normalized lead field.

*Noise may cause the location bias for SLORETA. Minimum-
variance spatial filter with normalized lead field has no location bias
even In the presence of noise.

Minimume-variance filter generally has significantly higher spatial
resolution than SLORETA.

*Performance of SLORETA is not affected by source correlation.

*High spatial resolution of the minimum-variance filter is
demonstrated by the somatosensory and somatosensory-auditory
applications.
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Visit

http://www.tmit.ac.jp/~sekihara/

The PDF version of this power-point presentation as
well as PDFs of my recent publications are available.




source plane
_ 8cm, L T %0
Generate many random dipoles b

In a volume: N <
-4 <x<-1l, 1<x<4
-A<y<4 8cm W

10<z<-2 Z[
< . « y

8cm
Number of noise random dipoles: 200

P, : The power of noise dipoles is set at
0.005 x second source power

or  0.025 x second source power

Time courses of the noise sources are incoherent to each other.




Violation of the low-rank signal assumption

Minimum-variance

(normalized lead field) SLORETA

No noise source

Noise source power:
0.005

Noise source power:
0.025




