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A METHOD FOR INTERFERENCE SUPPRESSTON IN A MEASURING
DEVICE

FIELD OF THE INVENTION

. The invention relates to the shielding of a
measuring device from external magnetic interferences.

BACKGROUND OF THE INVENTION

A device that measures weak biomagnetic sig-
nals i1is very susceptible to the influence of the
strong magﬁetic interferenceS‘ih its operational envi-
ronment. This is due to the fact that compared to the
bioﬁagnetic‘ signals being measured, the interference
signals are even ten million times bigger. Further-
more, the implementation of the interference suppres -
sion is made more difficult because the region to be
shielded from magnetic interferences is relatively
large, tens of centimetres in its diameter.

To make biémagnetic measurements, several
methods for protecting measuring devices from inter-
ference fields have been developed, which interference
fields are many times larger than the interesting sig-
nals. A straightforward method of shielding is to
place a sensitive magnetic measuring device inside a
so-called magnetically shielding room which suppresses
magnetic fields originating from sources outside the
room into about 100-10,000th part:

In addition to this, to achieve wmagnetic
shielding, it is known to use sensors the geometrical
structure of which makes them unsusceptible to rather
steady magnetic fields originating from distant
sources. Magnetic sensors of this kind are called gra-
diometers. Typically, a shielding factor of about 100-
1,000 against external interferences is obtained using
them.
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Further, the magnetic vsh’ielding can be imple-
mented, or it can be improved, using active systems in

which the magnetic interference is eliminated by means

of a suitable control system in which the interference
is measured in the vicinity of the region being
shielded by means of a sensor or sensors; 'and based on
this measurement, the interference field is compen-
sated with current-carrying coils that produce by a
magnetic field that is opposing with respect to. the
interference. Active magnetic shielding can be used
either alone or comb;'med with ’paséive shielding meth-
ods such as a magnetic shielding room.

In this control system it is possible to use
either direct' coupling or feedback. When using direct
coupling, the measuring device aséociated' with the
control system is disposed far from the actuator and
from the region being' compensated for inside the coil
or coils. In this casé, the control system funétions
simply so that one inputs into ‘the coils a current
that is proportional to the interference measured by
the measuring device and is of the kind that a compen-
sating field having, as accurately as possible, the
size of the interference is formed in the region being
shielded. With this kind of system 1t is also possible
to combine a magnetic shielding room. '

The performance of a compensation based on
direct coupling usually is rather limited because the
field intensity to be compensated for is determined
far from the region being shielded. This functions in
the case of one or two stationary interference
sources, but when there are three or more sources, it
usually is impossible to find a place for the sensor
from which the field produced by all the sources could
be correctly extrapolated for the region being
shielded. This kind of shielding method usually gives
a shielding factor of about 3 to 10, depending on the
number of interference sources. The method only func-



WO 2005/078467 PCT/F12005/000090

10 -

15

20

25

30

35

tions for interference sources that are disposed
ciearly farther from the region being shielded than
the sensor controlling the control system. The method
works woxse for interference sources that are disposed
just a little farther than the sensor controlling the .
control system, and specifically for sources that are
disposed nearer than ' the sensor it does not work at
all. , '

The sensor of the control system can also be
introduced inside the compensation coil assembly near
the region in which there is a, wish to compensate for
an interference. In that case, it is a question about
a feedback control system- which works better than a
directly coupled one also for more complicated inter-
ferences originating from many different sources. Pub-
lication EP0514027 shows an example of a feedback con-
trol system enabling one to minimise the effect of a
magnetic interference. With a feedback control system
it is also possible to connect a magnetic shielding
room either so that the compensation coils. are dis-
posed outside the magnetic shielding (US3801877) or
inside (EP0396381 or corresponding -US4963789) .

Publication EP0966689 discloses a magnetic
gradiometer which is used to measure diverging compo-
nents of a magnetic - field. In particular, the equip-
ment can be used to measure a small changing field ir-
respective of " the earth's magnétic field (gradient
component of the magnetic field). The equipment in-
cludes at 1least two magnetic detectors, feedback
coils; and, moreover, each feedback loop includes an
amplifier and an integrator. At least two detectors
have been adjusted to detect the magnetic field in the
same direction. The purpose of the feedback coils is,
by imitating the magnetic field produced by the envi-
ronment, to eliminate the effect of interferences in
the total magnetic field to be measured using detec-
tors. To mutually balance the detector outputs, the
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processing algorithm. The total energy to be obtained

as' a sum of the detector outputs. is minimised to find

out the components of the magnetic field.

In the method as shown in ‘publica'tio'n
EP0966689, a biomagnetic signal’ beirig meas'ured ‘becomes
distorted as a result of active compensation because
the magnetic detectors of the method are used to de-
tect both biomagngaticand interference signals. ‘P‘ubli—
cation EP0966689 does not present means to correct
this distortion. | ' ‘ ‘

In biomagnetic applications, the volume on
whose region the sensors are distributed, typicallyr is
tens of  centimetres in its diameter, - that is réther
large. If there is a ‘wish, in addition, to keep the
set of reference sensors used for the compensation far
from the source of interesting biological signals -
like in the prior art - then the wvolume conté.ining
sensors is even 50 cm in diameter. The compensation of
a magnetic interference, e.g. with the accuraicy of a
percent (its reduction into its hundredth part), by
using feedback, requires that the set of compensation
coils is capable of producing the fields corresponding
to the geometry of the interference fields with the
accuracy of a percent in this entire volume that con-
tains both the measurement sensors and the reference
sensors that produce the difference signals of the
control system. Only in this situation the control
system is correctly informed of the interference to be
compensated for, and the interference is compensated
for in all the measurement loops, with high accuracy.

The compensation using coils producing a com-
pensating field is made the more accurate the smaller
is the volume being compensated for. For this reason
it would be desirable to place the sensor of a feed-
back compensation system as near as possible the ac-

tual sensors of the measuring device. Previously, one
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thought that this cannot be done because in that case
one would also compensate for the signal to be meas-
ured, as if it wexe an external interference.

The problem with the prior art is thus the
inaccuracy of the compensation in the region of the
entire set of sensors, because the interference field
is measured outside the assembly of sensors. Using a

separate set of reference sensors also makes the

equipment too complicated.
OBJECTIVE OF THE INVENTION

The objective of the present invention is to
présent a solution in which the feedback information
needed for the compensation of the interferences is
obtained from the sensors used for the measurement it-
self, that is from those sensors that one intends to
protect  from interferences. This enables one to reach
a very effective interference suppression because the
interference is measured in that very place where it
must be eliminated, and the size of the region to be

compensated for is as small as possible.
SUMMARY OF THE INVENTION

The present invention discloses a manner de-
viating from the prior art of implementing magnetic
shielding using a feedback compensation system that
does not need a separate reference sensor or sensors
giving the difference signal. In particular, the pres-
ent invention can be applied to magnetographic devices
(MEG) which are wused to measure weak neuromagnetic
signals originating from the brain.

In this method, the actual set of measurement
sensors 1is provided with two separate feedback loops.
The inner feedback loop is responsible for the feed-

back of a signal that is small-feature with respect to
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its geometry and originates from an object being moni-
tored, and the outer feedback loop takes care of the

feedback of interference signals that are bigger with

respect to their amplitude and geometry. It can also
be said that the inner feedback loop is a channel of
an MEG device operating in a ‘flow—locked state, and
the outer feedback loop is a feedback loop that con-
trols the compensati'ng‘ actuator. This enables one to
end up in a situation.in which big external inﬁerfer~
ences only are visible in the outer feedback loop, and
do not eat away the dynamics of the inner feedback
loop that contains the actual interesting signal. In a
preferred embodimenﬁ, one feedback loop inéludes ‘an
amplifier and a feedback resistor.

‘The sum signal of an interference signal and
an interesting signal being measured is thus measured
using the senso:,:"s of the actual set of measurement
sensors, by means of which the difference signal is
obtained. Difference signals can be generated as a
linear combination based on one or more signals meas-
ured by the measurement sensor. The compensation volt-
age to be obtained by means of a difference signal
produces a current in the actuator. The actuator typi-
cally is a coil that produces a compenséting magnetic
field. There can be several of these. Cofnpensation
voltages can be produced several by means of various
linear combinations based on the channels of the ‘as-
sembly of sensors, and these voltages can be fed into
the different coils of the compensating actuating sys-
tem by weighting using suitable weighting factors. A
compensating magnetic field eliminates the interfer-
ences to be detected in an assembly of sensors, ena-
bling one to dependably measure the desired'biomag-
netic signal that is considerably smaller in size. In
that case, by means of the interference compensation,

the sensors can be made to operate in their dynamic
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operating range because the Apossible high-amplitude
ihterferences have been compensated for.

The compensating actuators, i.e. typically
coils, can be placed near the assembly of sensors,
but, however, farther from the biomagnetic signal
source than the sensors. The coils can be secured to a
separate frame or some other solid surface.

The mixing of the big 'interference signal to
be processed in the .outer feedback loop and the com-
pensating'signal with the small-amplitude biomagnetic
information included in the ihner feedback loop is
prevented using the mathematical SSS method (SSS =
Signal Space Separation), deséribed in publication
FIZQO30392 (Taulu S., Kajola M., Simola J.: The Signal
Space Separation method, Biomed. Tech., 48, in press).

‘ In the SSS method, a magnetic field measured
using a multi-channel MEG device is analysed by ‘exam-
ining three volumes of different measurement geome-
tries. The interesting source is disposed in measure-
ment volume V1; the sensors are disposed in measure-
ment volume V2 outside wvolume V1. The sources of mag-
netic interferences and the compensation coils are
outside the aforementioned' volumes in volume V3. In
this examination, the V3 can also be infinite in wvol-
ume. In the method, the magnetic field produced by the
interesting sources disposed in volume V1 is parame-
trised in volume V2 as a sum of elementary fields,
each of them being irrotational, sourceless and infi-
nite outside volume V1 so that a presentation of the
desired accuracy is achieved for the parametrised mag-
netic field in volume V2. Similarly, the sum magnetic
field produced by the interference fields and compen-
sation coils disposed in volume V3 is parameterised in
volume V2 as a sum of elementary fields. The signal

-vectors of the measuring device corresponding to each

elementary field are calculated. If a magnetic signal

is measured using sensors, then thereafter, the fields
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can be separated by calculating the componentS'of the
measured signal vector in the basis formed by the sig-
nal vectors associated with the elementary fields.

The operation. of the interference compensa-
tion can be optimised by modifying'the values of the
feedback resistors, by increasing the number of com-
pensation coils and by changing' the places of the
coils with respect to the sensors and the measurement
object. o 4' ‘

In one embodiment of the present inﬁention,
the assembly of sensors and the coils functioning as
the actuators can be placed inside a magnetically
shielding room. Thisfenables one tb‘improVe‘the inter-
ference suppression. : -

The present invention is simpler than the
prior-art solutiens because as the sensors measuring
the level of interference, the measurement sensors of
the biomagnetic signal itself are used. The interfer-
ence suppression is also made more effective because
the interferences are measured in the very place where
there is a wish to ellmlnate them. Further, the volumel
of the region being con@ensated for is small 1n the
case of the present invention.

As compared to the prior art represented by
publication EP0966689, the invention has the advantage
that the signal distortion caused by the active com-
pensation is corrected by means of the SSS method.

LIST OF FIGURES

Fig. 1 represents equipment measurlng a neu-
romagnetlc signal, as a part of which there is actua-
tor equipment that compensates for the interference;

Fig. 2 illustrates a circuit diagram of feed-

back for one measurement sensor;
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Fig. 3 represents the functional diagram of a
control system provided with two feedback loops; and

Fig. 4 1illustrates a generalisation of the

compensation method as shown in Figs. 2 and 3.
DETAILED DESCRIPTION OF THE INVENTION

The substantial principles of the invention
are apparent from the accompanying figures. The total
structure Iof the equipment itself is apparent from
Figs. 1 and 2. Figs. 3 and 4 afe functional diagrams
that mainly describe the proceeding and processing of

the signals in the equipment présented. Fig. 1 illus-

‘trates a so-called MEG apparatus which is used to

measure a neuromagnetic signal and which has, as a
part thereof, a system compensating for the interfer-
ences. The device consists of an assembly of sensors
10 (including nine sensors in the example of the fig-
ure ) surrounding the head of a person being moni-
tored, of the electronics 11 controlling the . operation
of the measuring device and. of the coils 12, 13 used
as the actuators of the interference compensation sys-
tem.

" Associated with the sensors of each device is
a small-sized feedback coil 14, by means of which the
control electronics 11 runs the sensor in a so-called
flow-locked state. This means that the control elec-
tronics 11 drives current into'the feedback coil 14,
the field caused by which suppresses in the sensor 10
the field entering it and originating from a source
disposed in the object being measured 15. The voltage
needed to achieve this current, which is thus propor-
tional to the magnetic effect proceeding from the
source 15 to the sensor 10, is the measurement signal
given by the channel in guestion. All the conventional
MEG devices have been implemented using this princi-

ple.
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The feedback coils 14 are sénsor—specific.'
The coils are so small and so positioned that a field
caused by them only produces\ an effect on the sensor
of each coil's own. It can be considered that the sen-
sor 10 and the feedback coil 14 together form the com-’
ponent functioning as the physical sensof. In an ar-
rangement such as this, all the ‘measurement channels

rnatural'ly react to the ‘magnetic fields originating

both from the object 15 being measured and from the
external interference sources. ‘ h

To achieve active compensation that’ shields
from external interferences, in the present ‘invention,
the measuring device‘ is provided with big comperisation
coils 12, 13, the current fed inté which produces a
magnetic field in the. entire fegicin bf the aésetﬁbiy of
sensors. There can be several compensation coils -
e.g. six pieces — so that the coils are used to pro-
duce compensating fields near the assembly of sensors
at least in three nearly perpendiculair directions.

How the operation of the system is controlled
by means of the electronics 11 is apparent in more de-
tail from Figs. 2, 3 and 4. Fig. 2 is a simplified
repr‘esentation illustrating a situation in which e.g.
the sensor 10 of Fig. 1 has been fed back via the com-
pensation coil 12. The part within the broken line is
a regular MEG channel operating in a flow-locked
state, and associated therewith are an amplifier 20, a
feedback resistor 21 and a feedback coil. 14,. which
switches to the sensor 10 via mutual inductance M.
The part divided by the broken line can be seen as the
actual measurement channel containing, in the previ-
ously mentioned wider sense, the sensor 10, 14; and
the electronics part 20, 21 disposed within the elec-
tronics 11. The voltage U, is the signal of the chan-
nel that is proportional to the magnetic flux &, visi-
ble to the sensor 10. Thus, the magnetic flux com-
prises the sum of the interesting magnetic flux to be
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measured and of the magneticnflux produced by external
interferences in the location area of the sensor 10.

When this measurement channel is ‘accepted as
the channel that gives the difference signal of the
feedback active compensation system, the control elec-
tronics is provided with an amplifier 24, a feedback
resistor 25 and a coil 12. The magnetic field is
transferred from the coil 12 to the measuring sensor
10 via the mutual inductance M..

v In Fig. 3 there is a functional diagram il-
lustrating this control system,brovided with two feed-
back loops, for which one can calculate a transfer
function. The inner Ffeedback lodp includes an amplifi-
cation block 30, a transfer function 31 corresponding
to the resistor 21 and a transfer function 32 corre-
sponding to the mutual inductance M. The outer feed-
back loop compensating for the interferences includes
an amplification block 33, a transfer function 34 cor-
responding to the resistor 25 and a transfer function
35 corresponding to the mutual inductance M.. In the
input of the amplifier 30 (the same as the amplifier
20 in Fig. 2), there is summed the magnetic flux from -
the external interference source &, and the magnetic
flux O, compensating f£or the interferences, as well as
the magnetic flux - from the inner feedback that
switches via the coil 14. This summation is performed
in the functional block using summing blocks 36, 37,
which do not exist in practice as real components of
the system.

The output wvoltage U, of the channel and the
voltage U. of the outer feedback loop will be:

G,

> (1)

1+ Gle “+ GIGZMC
R R

(4

U, =

s
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U,=GU, o - (2)

c

If the outer feedback loop is omitted (G;=0),
there remains a conventional feedback magnétometer’ - a
part which is disposed within a bxoken line in Figs. 2
and 3 and the calibration of which is determined by
the transfer function of the inner feedback loop:

Uy=—®,, when G ——>1 (3)
f o R,

When the outer feedback loop is introduced,
provided with sufficient amplification, in other words
when Gu* (Mo/Re) >> Mf/R;-‘, then:

'RC

Uy=0 and U, = D
. : M

s

[4

(4)

As a result of introducing the outer feedback
loop, the output éigrial of the channel is thus ldstr
and a current that produces a compensating magnetfic
field appears in the compensation coil 12. When a sig-'
nal is produced by an outer interference source and if
one has managed to build the compensation coii(s) 12
so that it produces in the entire sensor region a
field that is as closely as possibly of the same form
as this external interference source, then the same
compensation of the output signal is performed also
for all the other sensors in the assembly, although in

their feedback, the outer 1loop has been omitted

(G2=0). This is exactly the shielding effect at which
one aims by adding the outer feedback loop. '
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As for the control of the outer feedback
loop, the same magnetomer channels are used that are
also used to measure the biomagnetic signal being
monitored, it is obvious that the outer feedback also
influences this biomagnetic signal. For example, a
channel that has an outer loop added to its feedback
(G2;>0) also looses the biomagnetic signal as a result
of this arrangement.

The basic idea of the present invention is
included in how this non-desired effect can be pre-
vented in a simple manner. Firsﬁly, we think of a sys-
tem in which there are no feedback loops activated.
The measurement channels of a system such as this reg-
ister both the big interference signals from externals
sources and weak biomagnetic signals. Publication
FI20030392 discloses a method (SSS method); Taulu S.,
Kajola M., Simola J.: The Signal Space Sepafation
method, Biomed. Tech., 48, in press) enabling one, in
a situation such as this, to separate from one an-
other, with a high accuracy, the signals that come
outside and inside the device's measurement region,
provided that the arrangement of the device's channels
is suitable and their number sufficient (at least
200) .

This numerical method would be enough as such
to eliminate the external interferences from a meas-
ured signal, pro.vided that the interferences would re-
main so small that the dynamic region of none of the
measurement channels of the set of sensors is not ex-
ceeded. It is exactly this exceeding that can be pre-
vented with the compensation method described in the
present invention. As the compensation method is im-
plemented using coils placed outside the measurement
region of the device, the effect of the compensation
current associated with this outer feedback loop on

the signals can be likewise separated, using the SSS
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method, from a signalioriginating'from the measurement
region. o . '

As an example, we refer to a situation in
which a shielding method based on an outer compensa-
tion loop would seem to function in a most‘impractical
manner. We assume that there are né external interfer-
ences and that the sensor functioning as the differ-
ence signal channel only sees -the biomagnetic signal.
It reacts to this by feeding to the éompensatioﬁ coil.
a current that’ produces a compensating field that .com-
pensates for the biomagnetic field at the spdt where
the sensor is located. Apparehtly, the feedback of the
outer loop thus funétions so that although there is no
external interference, it is exactly the intereSting'
signal that is lost. o '

4 Thus, the biomagnetic signal is driven to
zero by activatiﬁg the compensating source of the‘mag—
netic field, external of the measurement region.AIt is
exactly the effect of this kind of external source
that can be numerically separated by the SSS'ﬁethod,
resulting in that there is left in the difference sig-
nal channel just the ofiginal biomagnetic signal. The
SSS method reconstructs in the difference signal chan-
nei - and in the rest of the channels as well - sig-
nals that would have been detected in them, if the
outer feedback loop was not activated. This recon-
struction is based on the measurement that is made si-
multaneously for both the biomagnetic source and the
compensation coil by the assembly of magnetometers.

The SSS method naturally functions in . the
same manner in conjunction with interference compensa-
tion, that is when the difference signal channel re-
ceilves part of its signal from an interference source
that 1is disposed outside the measurement region or
even outside the entire set of compensation coils. In
these cases, both the original source and the compen-
sation coil that activates as a part of the feedback
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loop are disposed outside the measurement region; and
their'portion of the signals can be eliminated by the
SSS method. In this case, the compensation system only
is responsible for modifying the external interference
so that all the sensors stay in their dynamic area,
enabling one to collect the sigmnals needed by the nu-
merical system as inputs.

Because as the interference to be compensated
for functions a vector field which is not constant in
the regioh. of the entire assembly of sehsors, to
achieve a sufficiently good cohpensation, it is usu-
ally necessary to use a set of compensation coils that
can be used to achieve various fields in direction and
form. Specifically the set'of‘«;oils must be able to
produce the field forms of the most powerful external
interferences as accurately as possible, or to be more
specific, the compensating fields of these, in the en-
tire region of the assembly of sensors. Fig. 4 is a
functional diagram illustrating a generalisation of
the compensation method formed by several compensation
coils as shown in Fig. 3.

In Fig. 4, the voltage U, that produces the
compensation current has been coupled with two cou-
pling intensities to be selected separately (1/Rc,; and
1/Rc,5+1) 40, 41 to two different coils 42, 43, respec-
tively. The inductive couplings M;j; etc. 44 are deter-
mined based on the location of the compensation coils
43, 43 and on the location and position of the sensors
45 in the assembly of sensors. U, can be coupled to
more than one coil. In addition, in Fig. 4, the dif-
ference signal that produces the compensation voltage
has been formed as a linear combination from the sgig-
nals of two different sensors 45. In the formation of
the linear combination, the weighting coefficients Cj ;

46 are usgd. for the sensors 45; and the terms are

summed by the summer 47. It also possible to use more

than two channels for the formation of the linear com-
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bination. The necessary transfer function of the am-
plifier of the feedback loop is G, 48. Furthefmore,
it is also possible to generate several compensation
voltages Ug,n using for the formation of the difference
signal, different linear combinations of the signals
of the assembly of sensors 45 and to feed 'the‘ voltages
to the different coils 42, 43 of the set of compensa-
tion coils using optimal weighting coéffi'cie'nts. In
the functional d;Lagram as shown in'Fig. 4, the sum
flow of the compensating magnetic flows visible to the
sensor 45 is obtained from the outputs of ’the‘summers
49. In practice, the summers 49 do not exist in the
system as real componénts. The summers 49 are used to
describe the total effect of the fields produced by
the compensation coils (the total field is the sum of
the sub-fields) for each sensor. '

In this manner there is formed the outer
feedback loop that performs the interference compensa~
tion of a multi-channel device, which feedback loop is
described by'the two matrixes: the c;; matrix that de-
scribes the structure of a direct coupling loop and
determines the weighting coefficient of the ith sensor
45 in the jth difference signal, and the‘l/Rjk matrix
that describes the feedback loop and determines the
weighting coefficient of the jth compensatiori current
in the total current to be fed to the kth coil 42, 43.

The selection of these two matrixes enables
one to optimise the performance of the interference
compensation. The compiling of the difference signal
as a linear combination from several channels that are
e.g. disposed on different sides of the assembly of
sensors is advantageous because it improves the accu-

racy of the difference signal and shortens the effec-

tive extrapolation distance over the assembly of sen-

sors. In a conventional system that uses separate ref-
erence sensors, the sensor that gives the difference

signal can be disposed even at a distance of 50 cm
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from the farthest sensor being compensated for in the
aésembly of sensors, resulting in that the interfer-
ence intensity evaluated based on the difference sig-
nal is inaccurate because of the geometric reasons. By
forming the difference signal from the signals of the .
sensors disposed on different sides of the assembly,
the extrapolation range can be shortened to have the
size of the radius of the assembly, that is to about
12 cm. : . ‘

By means of the compensation loop, the field
forms that were fed back can, :Ln turn, be customised,
to correspond, as accurately as possible, to the geo-
metric form of the biggest extérnal interferences by
usir;g a sufficiently big number of compensation coils
and by determining the correct weighting coefficients
for the 1/Rsx matrix. A typical number of compensation
voltages Ug,; and- compensation coils is e.g.' six,
whereby the 1/Rjx matrix is 6*6 matrix. '

In Figs. 1-4 there have been used symbols
that -refer to the implementation of the feedback that
compensates for external interferences using analogy
electronics. This has been done for illustrative pur-
poses only. In a modern implementation, one uses sig-
nal processors or real-time computers in which the
weighting coefficient matrixes c¢i; and 1/Rj and the
transfer function G; are programmed.

The invention is not limited merely to the
embodiment examples referred to above; instead many
variations are possible within Ehe scope of the inven-
tive idea defined by the claims.
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CLAIMS |

1. A method for shielding an assembly of sen-
sors that measures biomagnetic signals from external
interferences, the assembly of sensors comprising at
least one sensor, characterised .‘in that the
method comprises the steps of: . A '

providing the assembly of sensors w:Lth at
least one magnetic ‘,feedba.ck, wherein the difference
signal of one feedback is obtained from at least one
sensor of the aforementioned assembly of sensors; -

producing in the region of the assembly of
sensors a magnetic field that compensates for external
interferences with at least one actuator disposed out-
side the assembly vaz serisors; and the difference’ sig-
ﬁal that produces a cdmpensation voltage in the‘ actua-
tor is a linear combination of the signals of one or
more sensors; and A '

using the SSS method to separate the biomag-
netic useful signal being measured from the signals
(originating from outside the measurement region),
which signals are produced by the actuators and the
external interferences.

2. The method as defined in claim - 1,
characterised in that the method further
comprises the steps of: A

forming a difference signal as a linear com-
bination from the si'gnals of two or more sensors of
the assembly of sensors; and

feeding back the difference signal to the ac-
tuators, the compensating magnetic field being formed
as a linear combination from the magnetic field pre-
duced by at least one actuator.

3. The method as defined in claim 2,
characterised in that the method further
comprises the step of: ‘

selecting the difference signals to be ob-
tained as a lineax combination and the actuators to be
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used so that as the feedback is switched on, the ex-
ternal interference signal is minimised.

4. The method as defined in claim 1,
characterised in that the method is used in
a magnetoencephalographic device.(MEG).

5. The method as defined in claim 4,
characterised in that the measurement sen-
sor is coupled to two feedback loops, the first of
them being a channel of an MEG device that operates in
a flow—loéked. state and the second a feedback loop
that controls the compensating,éctuator.

6. The method as defined in claim 1, wherein
in the 8SS method, a magnetic field that has been reg-
isﬁered using a multi-channel measuring device is ana-
lysed in a geometry in which the interesting source is
disposed in measurement volume V1, the sensors measur-
ing the field or the components thereof outside volume
V1l in volume V2, and the sources of the magnetic in-
terferences and the actuators outside volume V1 and V2
in wvolume V3, -which can be infinite, - charac -
terised in that the method further comprises the
steps of:

parametrising thetmagnetic field produced by
the interesting sources disposed in volume V1 in vol-
ume V2 as a sum of elementary fields, each of which is
irrotational, sourceless and finite outside volume V1
so that a presentation of the desired accuracy is
achieved for the parametrised magnetic field in volume
V2; |

parametrising the sum magnetic field produced
by the interference sources and compensating actuators
disposed in wvolume V3 in volume V2 as a sum of elemen-
tary fields, each of which is irrotational, sourceless
and finite outside volume V3 so that a presentation of
the desired accuracy is achieved for the parametrised
magnetic field in volume V2;
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calculatingrAthe signal vector of the measur-
ing device corresponding to each elementary field;

measuring the magnetic signal using sensors;
and "

separating ‘the fields produced £from sources
disposed in different volumes by ‘calculating the com-
ponents of the measured signal vector in the basis
formed 'by the signal. vectors associated with the ele-
mentary fields. o ' , ‘ |

7. The. method as defined .in claim 1,
characteri sed .in that the actuator is a
coil. ‘ ‘

8. The uméthod as defined in ‘clai.m 2,
characterised .in that the method further
comprises the step of: A | | ‘

feeding back the measured signal to the ac-
tuator via an ampiifier and a feedback resistor.

9. The methbd as defined in claim 8,
characterised in that in the “method, the
operation of the interference compensation to be pro-
duced using actuators is optimised by varying the wval-
ues of the feedback resistors, by increasing the num-
ber of actuators and by varying the locations of the
actuators. . ‘ '

10. The method as defined in any one of pre-
vious claims 1-3, characterised in that the
method further comprises the step of:

placing the assembly of sensors and the ac-
tuators within a magnetically shielding room.

7 11. A system for shielding an assembly of
sensors measuring biomagnetic signals from external
interferences, the system comprising:

an assembly of sensors (10, 45) comprising at
least one magnetic sensor;

a feedback coil (14) coupled to each sensors;

control electronics (11) controlling = the

measuring device;
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characteris e d in that the system
further comprises:

at least one magnetic feedback coupled to an
assembly of sensors, wherein the difference signal of
one feedback is obtained from at‘least one sensor (10,
45) of the aforementioned assembly of sensors;

at least one actuator (12, 13, 42, 43) dis-
posed outside the assembly of sensors for producing a
magnetic field in the region of the assembly of sen-
sors (10,'45), the magnetic field compensating for ex-
ternal interferences} and the‘aifference signal that
produces a . compensation voltage in the actuator is a
linear combination of the signals of one or more sen-
sofs (10, 45); and

control electronics (11) for separating the
biomagnetic useful signal from the signals (originat-
ing from outside the measurement region), which sig-
nals are produced by the actuators and the external
interferences.

12. The system as defined in eclaim 11,
characterised in that the system further
com?rises:

generation means (46, 47) of the difference
signal for generating the difference signal as a lin-
ear combination from the measurement signals of two or
more sensors (45) of the assembly of sensors; and

the aforementioned magnetic feedback (48, 40)
for feeding back the difference signal to the actua-
tors (42, 43), the compensating magnetic field being
formed as a linear combination from the magnetic field
produced by at least one actuator (42, 43).

13. The system as defined in c¢laim 12,
characterised in that the system further
comprises:

the aforementioned difference signals and ac-
tuators (12, 13, 42, 43) so selected that as the feed-
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back is switched oh, " the external intexference is
minimised. ‘

14. The system as defined in claim 11,
characterised in that the assembly of sen-
sors (10, 45), the feedback coils (14) and the control
electronics (11) fu'nétion as parts of a magnetoen-
cephalographic device (MEG). A | ‘

© 15. The system as -defined in claim 14,
characterised in that the .system further
comprises: ' ‘

each - measurement sensor (10, 45) coupled to
two feedback loops, ‘the first of them being a channel
of an MEG device operating in a flow-locked ’stat_e and
the second a feedback loop controlling the compensat-
ing actuator (12, 13, 42, 43). | : '

' 16. The system as defined in claim 11, .
wherein in the S‘ASS method, a magnetic field that has
been registered using a multi-channel measuring device
is analysed in a geometry in which the interesting
source (15) is disposed in measurement volume V1, the
sensors (10, 45) measuring the field or the components
thereof outside wvolume V1 in‘ volume V2, and the
soufces of the magnetic interferences and the actua-
tors outside volume V1 and V2 in volume V3, which can
be infinite, characterised in that the con-
trol electronics (1l1l) is arranged to: A '

parametrise the magnetic' field produced by
the interesting sources disposed in volume V1 in vol-
ume V2 as a sum of elementary fields, each of which is
irrotational, sourceless and finite outside volume V1
so that a presentation of the desired accuracy is
achieved for the parametrised magnetic field in volume
V2;

parametrise the sum magnetic field produced
by the interference sources and compensating actuators
(12, 13, 42, 43) disposed in volume V3 in volume V2 as
a sum of elementary fields, each of which is irrota-
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tional, sourceless and Afinite outgside volume V3 so
that a presentation of the desired accuracy is
achieved for the parametrised magnetic field in volume
v2; '

calculate the signal véctor of the measuring
device corresponding to each elementary field;

measure the' magnetic signal wusing sensors
(10, 45); and '

~separate: the fields produced from ' sources
disposed in different volumes by calculating the com-
ponents of the measuredAsignai vector in the basis
formed by the signal vectors associated with the ele-
mentary fields. -

' 17. The system as defined in claim 11,
characterised in that the aforementioned
actuator (12, 13, 42, 43) that produces the magnetic
field is a coil that has been connected to a device
containing an assembly of sensors (10, 45) or to a
separate frame around the assembly of sensors (10,
45), or to the walls, floor or ceiling.

18. The system as defined in claim 12,
characterised in that the system further
comprises: .

“.an amplifier (24), a feedback resistor (25)
and an actuator (12) as parts of the magnetic feed- -
back.

19. The system as defined in claim 18,
characterised in that in the system, the
operation of the interference compensation to be pro-
duced using actuators (12, 13, 42, 43) is optimised by
varying the values of the feedback resistors (25), by
increasing the number of actuators (12, 13, 42, 43)
and by varying the locations of the actuators (12, 13,
42, 43). |

20. The system as defined in claim 11,
characterised in that the system £further

comprises:
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ahmagnetically shielding. room as a place for

the assembly of sensors (10, 45) and the actuators
(12, 13, 42, 43).
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