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Description
FIELD OF THE INVENTION

[0001] The invention relates to multichannel measurements applied e.g. in magnetoencephalography (MEG), elec-
troencephalography (EEG) and magnetic resonance imaging (MRI), and especially to improving the quality of the results
of such measurements.

BACKGROUND OF THE INVENTION

[0002] Particularly in medical research, various imaging methods are used in the analysis of tissue structures and
brain signals. Modern physiological recording and imaging is made using sensor arrays comprising several tens or
hundreds of sensors performing parallel recording of the neural activity. Such multichannel devices are used for example
in magnetoencephalography (MEG), where MEG means the measurement and analysis of magnetic fields generated
by the electric activity of the brain. Electroencephalography (EEG) measures electric potentials in desired parts of the
patient. A further multichannel measurement application is magnetic resonance imaging (MRI), simply referred as mag-
netic imaging. The MRI is applicable to different parts of the body and it uses multiple receiver coils.

[0003] Itis typical of the imaging methods that a large set of measurement channels and related measurement sensors
are needed therein. The signal recorded by each individual sensor in these multichannel devices contains both information
on the neural activity (or on precession of nuclear magnetization in case of MRI), and interference from environmental
sources, and artifacts and random noise related to the sensor technology. Since the neurological electric and magnetic
fields are very weak, such sensor noise tends to hamper the detection of the interesting neurological signals. Therefore,
the sensors must have very low-noise characteristics and they should be situated close to the measured object. The
typical noise level of a measurement sensor measuring a magnetic field is of the order of a few femtoteslas. It is
characteristic to the biomagnetic measurements that the magnetic flux densities to be measured are very low (for example
of the order of 10 ... 1000 fT), and the external interference fields prevailing in the measurement situation may be quite
large in comparison to the flux densities, even of the order of 1... 10 uT. The estimation of the portion of different
interference signals in the overall measurement signal and the elimination of the effect of interferences from measurement
results is thus extremely essential in multichannel biomagnetic measurement methods.

[0004] Additionally, artifacts (such as sudden spikes and jumps) related to individual channels may be misinterpreted
to represent real neural activity, such as interictal epileptic spiking, for example. Therefore, from the point of view of
clinical utilization of these multichannel technologies, both artifacts and random sensor noise should be removed or
damped as much as possible.

[0005] A calculatory method used in the analysis of measured signals and to reject environmental interference from
multichannel MEG signals is the so-called Signal Space Separation method (abbreviated as the SSS method), which
is discussed for example in patent publication FI 115324. The SSS method is currently quite amply used in the art. It is
a calculatory method for separating multichannel measurement signal information, on the basis of the locations of the
sources, into various signal bases, i.e. subspaces that are linearly independent of one another. The SSS is purely based
on the geometry of the sensor assembly and natural laws. The calculation according to the principle of the SSS begins
by applying Maxwell's equations describing the relations of electric and magnetic fields. In the SSS method, it is possible
to separate the magnetic fields generated by the useful sources (such as the brain) and the magnetic fields originating
from external interference sources. In other words, series developments are calculated in the SSS method using division
according to sources located in different sites. It may be referred to as a source modeling method for the multichannel
measurement signal in a volume where the magnetic fields to be determined are irrotational and sourceless. The SSS
method does not need advanced information about the types or locations of the different signal sources but it works
correctly in the cases of different types of signal sources, also when examined as a function of time even when the
location and/or intensity of the sources changes. In the calculation according to the SSS method, the geometry of the
sensor assembly thus plays an important role. Associated to the geometry is also the fact that, in addition to the location,
the orientation of the sensors significantly affects the measured signal because the magnetic field is a direction-dependent
quantity.

[0006] Describing in other words the SSS method in general, an n-dimensional basis, the so-called SSS-basis, is
formed for the N-dimensional signal space of the N-channel MEG device. The number of basis vectors n is smaller than
N. The basis vectors are chosen so that each of them corresponds to a physically possible magnetic field shape in a
source free space. Furthermore, based on the asymptotic behaviour of the corresponding magnetic potential functions,
when r -> 0 and r -> oo, these basis vectors are divided into two groups: the ones that correspond to magnetic fields
arising from sources inside of the MEG sensor helmet, and the others corresponding to magnetic fields arising from
sources in the environment, outside of the MEG helmet. The former group contains the field of interest, arising from
neuromagnetic sources, and the latter group contains the environmental interference contribution to the signals that is
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wanted to be removed. The basic idea of the SSS method is to simply leave out from the SSS-basis representation of
the recorded signals the components belonging to the latter group, and thus, the desired biomagnetic signal is achieved
more accurately.

[0007] An advantage of the SSS method is that it can observe all interferences regardless of time and place. Since
the calculation is made independently for each sample, it observes the changing situations regardless of whether the
interference sources are changing inside or outside the measurement area, which can be e.g. a magnetically shielded
room. A problem of the SSS method is that it is sensitive to calibration errors. This means that, for example, a signal
deviation measured by one of the sensors may not be due to interference but a small unrecognized deviation in the
position or direction (angle of its axis) of the sensor.

[0008] The main problem of the prior art is that, even by using solely the SSS method, any artifacts or peculiarities
emerging in any of the sensors or measurement channels are left outside of the SSS-based signal modeling, and are
therefore still hard to handle in the biomagnetic measurements and their calculatory analysis. In other words, in case a
channel starts to behave in an odd manner, the noise level will rise and weaken the measurement results’ quality
significantly.

OBJECTIVE OF THE INVENTION

[0009] The objective of the invention is to disclose a method for getting rid of artifacts and noise present in individual
sensors for multichannel measurements made using MEG, EEG or MRI imaging devices. A further objective of the
invention is to remedy the above-mentioned problems.

SUMMARY OF THE INVENTION

[0010] The present invention introduces a method for recognizing and removing undesired artifacts in at least one
measurement channel of a multichannel magnetic field or electric potential measurement, wherein a measurement
device comprises a set of N measurement sensors and a data processing logic, and wherein the method comprises the
step of generating a basis defining an n-dimensional subspace of the N-dimensional signal space, where n is smaller
than N, using in the definition of the n-dimensional basis a physical model of a Signal Space Separation method, or a
statistical model based on the statistics of recorded N-dimensional signals.

[0011] The method is further characterized in that the method further comprises the steps of forming a combined
(n+m)-dimensional basis by adding m signal vectors to the n-dimensional basis, each of these m signal vectors repre-
senting a signal present only in a single channel of the N-channel device, decomposing the recorded N-dimensional
signal vector into n+m components in the combined basis, and subtracting from the recorded N-dimensional signal
vector the components corresponding to the m added vectors in the combined basis.

[0012] In an embodiment of the present invention, the signal is recorded at a spatial sampling rate exceeding the
highest spatial frequencies in the signal of interest, so that n+m is smaller than N.

[0013] In an embodiment of the present invention, only one basis vector is added, representing the signal in this one
channel only, to the n-dimensional basis, where m is equal to 1.

[0014] In an embodiment of the present invention, the decomposition of the recorded signal into the n+1 components
in the combined basis is repeated N times, using as the one additive basis vector a vector corresponding to each one
of the channels at a time, and the N signal components corresponding to the additive basis vectors are subtracted in
each decomposition from the original data.

[0015] In an embodiment of the present invention, a solution of a linear problem related to the decomposition of the
N-dimensional signal into the n+m components is numerically stabilized by using the Wiener-Kolmogorov method de-
scribed by Foster (Manus Foster in "An Application of the Wiener-Kolmogorov Smoothing Theory to Matrix Inversion,
J. Soc. Indust. Appl. Math., volume 9, no. 3, September 1961") or by any similar regularization method.

[0016] In an embodiment of the present invention, statistical correlations of the sensor noise between the N channels
are estimated, which correlations are needed in the numerical regularization method, from differences between consec-
utive samples in the recorded signals.

[0017] In an embodiment of the present invention, the statistical correlations of the sensor noise between the N
channels are estimated from the correlations in high-pass filtered recorded signals.

[0018] In an embodiment of the present invention, the signal is recorded at a temporal sampling rate exceeding the
highest frequencies in the signal of interest.

[0019] In an embodiment of the present invention, the steps of forming, decomposing and subtracting are realized by
a cross validation method where the signal of m channels are derived from the signals of the other N-m channels based
on the n-dimensional physical model, or based on the n-dimensional statistical model of the original N-dimensional signal.
[0020] In an embodiment of the present invention, the method is applied to recordings made by a multichannel mag-
netoencephalography (MEG) device.
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[0021] In an embodiment of the present invention, the method is applied to recordings made by a multichannel elec-
troencephalography (EEG) device.

[0022] In an embodiment of the present invention, the method is applied to recordings of magnetic resonance signals
obtained by a multichannel MRI device.

[0023] Accordingtoasecond aspectofthe presentinvention, theinventive idea comprises a multichannel measurement
device arranged to recognize and remove undesired artifacts in at least one measurement channel of a multichannel
magnetic field or electric potential measurement, wherein the measurement device comprises a set of N measurement
sensors, and a data processing logic, which is arranged to generate a basis defining an n-dimensional subspace of the
N-dimensional signal space, where n is smaller than N, using in the definition of the n-dimensional basis a physical
model of a Signal Space Separation method, or a statistical model based on the statistics of recorded N-dimensional
signals. The data processing logic is further characterized by that it is arranged to form a combined (n+m)-dimensional
basis by adding m signal vectors to the n-dimensional basis, each of these m signal vectors representing a signal present
only in a single channel of the N-channel device, decompose the recorded N-dimensional signal vector into n+m com-
ponents in the combined basis, and subtract from the recorded N-dimensional signal vector the components correspond-
ing to the m added vectors in the combined basis.

[0024] In an embodiment of the measurement device, the set of N measurement sensors is further arranged to record
the signal at a spatial sampling rate exceeding the highest spatial frequencies in the signal of interest, so that n+mis
smaller than N.

[0025] In an embodiment of the measurement device, the data processing logic is further arranged to add only one
basis vector, representing the signal in this one channel only, to the n-dimensional basis, where m is equal to 1.
[0026] In an embodiment of the measurement device, the data processing logic is further arranged to repeat the
decomposition of the recorded signal into the n+1 components in the combined basis N times, using as the one additive
basis vector a vector corresponding to each one of the channels at a time, and subtract the N signal components
corresponding to the additive basis vectors in each decomposition from the original data.

[0027] In an embodiment of the measurement device, the data processing logic is further arranged to stabilize numer-
ically a solution of a linear problem related to the decomposition of the N-dimensional signal into the n+m components
by using the Wiener-Kolmogorov method described by Foster or by any similar regularization method.

[0028] Inanembodiment of the measurementdevice, the data processing logic is further arranged to estimate statistical
correlations of the sensor noise between the N channels, which correlations are needed in the numerical regularization
method, from differences between consecutive samples in the recorded signals.

[0029] In an embodiment of the measurement device, the data processing logic is further arranged to estimate the
statistical correlations of the sensor noise between the N channels from the correlations in high-pass filtered recorded
signals.

[0030] Inanembodiment of the measurement device, the data processing logic is further arranged to record the signal
at a temporal sampling rate exceeding the highest frequencies in the signal of interest.

[0031] Inan embodiment of the measurement device, the data processing logic is further arranged to realize the steps
of forming, decomposing and subtracting by a cross validation method where the signal of m channels are derived from
the signals of the other N-m channels based on the n-dimensional physical model, or based on the n-dimensional
statistical model of the original N-dimensional signal.

[0032] In an embodiment of the measurement device, the device is a multichannel magnetoencephalography (MEG)
device.

[0033] In an embodiment of the measurement device, the device is a multichannel electroencephalography (EEG)
device.

[0034] Inan embodiment of the measurement device, the device is a multichannel magnetic resonance imaging (MRI)
device obtaining magnetic resonance signals.

[0035] According to a third aspect of the present invention, the inventive idea further comprises a computer program
for recognizing and removing undesired artifacts in at least one measurement channel of a multichannel magnetic field
or electric potential measurement, wherein a measurement device comprises a set of N measurement sensors and a
data processing logic. The computer program comprises program code which, when run on the data processing logic,
is arranged to execute the step of generating a basis defining an n-dimensional subspace of the N-dimensional signal
space, where n is smaller than N, using in the definition of the n-dimensional basis a physical model of a Signal Space
Separation method, or a statistical model based on the statistics of recorded N-dimensional signals. The computer
program is characterized by that it is further arranged to execute the steps of forming a combined (n+m)-dimensional
basis by adding m signal vectors to the n-dimensional basis, each of these m signal vectors representing a signal present
only in a single channel of the N-channel device, decomposing the recorded N-dimensional signal vector into n+m
components in the combined basis, and subtracting from the recorded N-dimensional signal vector the components
corresponding to the m added vectors in the combined basis.

[0036] Inan embodiment of the computer program, the computer program is stored on a medium readable by the data
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processing logic.
LIST OF FIGURES
[0037]

Figure 1 shows an example of the measurement arrangement of an MEG apparatus, including different types of
magnetic signals present in the system,

Figure 2 shows an example of the method according to the invention in the form of a flow chart, and

Figures 3a and 3b graphically illustrate an example of the effect of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0038] Thepresentinventionintroduces a method foridentifying and removing artifacts and sensor-specificinterference
signals in multichannel magnetic measurements.

[0039] The presentinvention is related to suppression of individual sensor noise and artifacts in a multichannel meas-
urement containing N measurement channels. The basis of the algorithm described here is a comprehensive n-dimen-
sional (n < N) signal model that describes the magnetic signal in magnetoencephalography (MEG) measurements. The
aim is to build this model in such a way that any deviation from the model can only be explained as measurement errors
of individual sensors, which are also uncorrelated with all other sensors. Such errors are typically caused by random
sensor noise or electronics-based artifacts.

[0040] As an exemplary embodiment of the present invention, to detect and remove the channel noise and artifacts
in an optimal manner, a method is proposed based on a physical model of the magnetic field in a source free volume,
and applying an ample spatial and temporal oversampling provided by a modern MEG device having the number of
measurement channels N = 200 ... 300, and the sampling frequency of several kHz.

[0041] The principle of the invention preferably is based on the Signal Space Separation method, abbreviated as the
SSS method, which has been summarized above. In the SSS method, the central idea is that by utilizing Maxwell’s
equations and information about the geometry of the sensor assembly, it is possible to calculate a result indicating which
part of the measured signal comprises of interesting biomagnetic signals originating from inside the measurement sensors
and which part comprises the external interferences originating from outside the volume defined by the sensors. By such
volume it is typically meant a sensor helmet which is placed around the patient’s head, in case of brain signal measure-
ments. In the SSS method, the magnetic multipole moments, i.e. the weights of signal components, in a linearly inde-
pendent signal basis of the useful signal and, in turn, in a signal basis formed by interference signals, can be calculated.
Being a real-time method, the SSS method adapts to currently prevailing interference situation, i.e. the SSS method
always measures the real prevailing magnetic field, regardless of the changes of the signal sources inside or outside
the volume to be measured that normally may occur as a function of time. The results provided by the SSS method are,
however, affected by the above-mentioned calibration error, i.e. the inaccuracy in the sensitivity, location and positions
of the measurement sensors (the supposed location and position information compared with the real location and position
information) directly affects the results provided by the SSS method. To reduce the effect of this calibration inaccuracy,
a method combining SSS with a signal modeling method based on the statistics of the recorded signal (principal com-
ponent analysis, PCA) is described in application FI1 20105769. Relating closely to this issue, any spikes, jumps or other
kinds of behaviour not related to physical fields but rather on channel artifacts visible in one measuring channel only (or
in several channels, independently) is the phenomenon on which the following really concentrates to.

[0042] In one embodiment of the present invention, an SSS basis for the measured multichannel signal is first defined,
similarly as it has been done in the prior art. In addition to the external interferences, it is also desired to get rid of the
artifacts and noise of the individual sensors. To achieve this, one more basis vector is added to the n-dimensional SSS-
basis:

(0, 0, 0, ., 0O, 1, O, ., O, 0).

This basis vector describes the part of the N-dimensional signal that is seen in the kth channel only, with no correlation
to the signals of the other N-1 channels. Such an uncorrelated signal must be due to the artifacts and noise of the kth
channel itself, when the sensor density (spatial oversampling from point of view of neuromagnetic sources) is high
enough. In the method according to the present invention, the signal component falling on this new basis vector is left
out from the signal. It may be the only component left out from the signal in case it is wanted to reject the sensor noise
and occasional artifacts only, or it can be left out together with other outside originated interference components of the
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SSS-basis if the outside interference is also desired to be removed. To remove the sensor noise from all channels, this
procedure is repeated for each of the N channels by including the corresponding additional vector to the SSS-basis.
This is the part describing the "physical model" of the present invention. In this method, the channel noise is modeled
in a similar way as the external interference is modeled in the SSS-method.

[0043] The method described here can be also considered as a kind of cross-validation method based on spatial
oversampling, and on a rigorous model for the physical signal (magnetic field in a source free space).

[0044] The same physical model applies also to multichannel magnetic resonance imaging (MRI) recordings where
the measured quantity is the magnetic field from the precessing nuclear magnetization. Recently, low field MRI has been
proposed to be realized using SQUIDs (Superconducting Quantum Interference Device) to gain good enough signal-
to-noise ratio (SNR) even at magnetic fields in the range 20 nT - 10 mT. To gain enough signal in such techniques,
utilization of higher polarizing fields pulsed up and down during the measurement cycle have also been proposed (see
PCT/US03/03712). SQUID-based sensors are known to be very sensitive to magnetic fields and rapid changes of the
fields as well. Therefore, in any such MRI application, it will be practically unavoidable that sensor artifacts and elevated
noise levels will show up in some of the sensors of a multichannel array after every polarization sequence. The method
described in this invention helps to solve this problem related to low field MRI.

[0045] For EEG measurement applications, a simple physical model similar to that used in the magnetic applications
does not exist. The relations between electric potentials recorded by EEG electrodes adjacent to each other are much
more complicated and they depend on details of the head geometry and conductivity distributions. In this case, the
"physical model" can be based on statistics, for example on a principal component analysis (PCA) of the multichannel
EEG recordings. Such an approach has been described in "Alain de Cheveigne, Jonathan Z. Simon, Sensor noise
suppression, Journal of Neuroscience Methods 168 (2008) 195-202" which discusses interpolation of the sensor signal
from the neighbouring sensors. In de Cheveigne’s publication, a set of statistically dominating features is extracted from
the multichannel measurement and this set is then used as a model by which the aforementioned sensor-specific noise
can be estimated in a cross-validated sense. Here cross-validation means that each channel is separately left out from
the model and the data and then the signal of the channel under investigation is estimated by interpolating its signal
from the neighbouring channels through the signal model. However, in order to achieve a reliable and generally applicable
cross-validation based sensor noise and artifact suppression algorithm, one has to be able to construct a linearly inde-
pendent n-dimensional general model for the signal of interest in such a way that n < N is always true. Statistical means
alone do not guarantee applicability of such an approach.

[0046] Another possible application related to present invention may be high-T, MEG, i.e. high temperature super-
conductors in MEG. It is well known that changing from low-T, (e.g. niobium) SQUID technology to high-T, SQUID
technology in MEG would greatly reduce the running costs if the MEG device could then implement simplified cryogenic
technology. The basic factor preventing such development so far has been the considerably higher sensor noise in the
high-T, SQUIDs ("J. Clarke, A.l. Braginski (eds.) The SQUID Handbook, Vol 1, Fundamentals and Technology of SQUIDs
and SQUID Systems, Wiley VHC, 2004"). The method of the present invention will reduce this sensor noise by roughly
a factor of square root of N. This enables construction of a useful high-T_ based MEG system if N = 200 ... 300.
[0047] The n-dimensional signal basis described above for MEG and MRI applications is not an orthogonal basis in
the N-dimensional signal space. Therefore, the linear operation needed to convert the recorded N-dimensional signal
vector into the n-dimensional physical representation becomes increasingly unstable numerically, when n approaches
N. This tends to increase noise in the n-dimensional representation of the physical signal and thus counteracts the
intended noise reduction. To reduce this effect, the ratio n/N must be kept as low as possible. This means that ample
spatial oversampling of the neuromagnetic field is necessary for successful application of the method described here.
The number of channels, N, must clearly exceed the number of magnetic degrees of freedom (field shapes) that are
included in the physical model. This number of degrees of freedom in MEG geometry has been shown to be about 15
+ 80 (external interference + neuromagnetic field shapes), see "Taulu S., Simola J. and Kajola M.: Applications of the
Signal Space Separation Method. IEEE Trans. Sign. Proc. 53 (2005) 3359-3372".

[0048] In addition to spatial oversampling, the adverse effect of the numerical instability of the required matrix inversion
(pseudoinversion because n < N) can be controlled by doing the inverse operation in an optimally smooth manner. One
method to achieve this is described by Manus Foster in "An Application of the Wiener-Kolmogorov Smoothing Theory
to Matrix Inversion, J. Soc. Indust. Appl. Math., volume 9, no. 3, September 1961". Foster utilizes the sensor covariance
estimate in a linear model, and it is an elegant regularization algorithm for matrix inversion which requires a good estimate
for the sensor noise covariance. This covariance estimate describes the sensor noise and artifacts in a statistical manner
and its main purpose is to stabilize the matrix inversion used in decomposing the measured multichannel signals into
the basis components of the signal model.

[0049] In anyrealization of a multichannel MEG device, with all the sensors inimmediate vicinity of each other (meaning
"ample spatial oversampling") and provided with modern and compact electronics, there are numerous mechanisms
that enable complicated and unpredictable noise correlation. The best way to reliably estimate noise correlation within
an MEG device is to determine this correlation from the data itself. This means that the signals must be recorded over
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a frequency band wide enough to enable separation of the noise correlation from the correlation that exists in the
neuromagnetic or environmental magnetic signal. Therefore, in addition to spatial oversampling, also ample temporal
oversampling, by far exceeding the interesting signal band (0 - 600 Hz), is needed to enable reliable separation of sensor
noise from neuromagnetic signal, and estimation of noise correlation, which then allows an optimally smooth pseudoin-
version on the [(n+1) x N] matrix. Without such optimization, the advantage gained by removing the independent sensor
noise could be partly or completely masked by the increase in noise due to numerical instability of the matrix inversion
operation.

[0050] Inorderto describe the presentinvention in a more precise manner, a mathematical approach is next discussed.
This mathematical approach is technically linked to the multichannel measurements of the MEG, EEG and MRI appli-
cations, and it is thus only an analysis tool for suppressing artifacts and noise from the individual measurement channels.
As said already above, the present invention is based on utilization of spatial oversampling of the detectable features
in a multichannel measurement and further enhanced by utilization of temporal oversampling for accurate estimation of
random noise covariance patterns. Spatial oversampling means here that the number of measurement channels sub-
stantially exceeds the number of degrees of freedom, where the degrees of freedom represent different field shapes
included in the physical model of the measurement arrangement. Temporal oversampling means here that signals are
measured on a substantially wider frequency band than the frequency band of the useful signal.

[0051] More specifically, the mathematical algorithm can be described as follows. Let us first denote the general
multichannel model as

mw AT $+n ( 1 )

where m is the N-dimensional instantaneous measurement signal with each element corresponding to one individual
channel, A is the [N x n] -dimensional signal model, x is the n-dimensional amplitude or coordinate vector corresponding
to the components of A, and n corresponds to the measurement noise, i.e., any signal not related to model A. First of
all, A will be developed in such a way that it always covers all degrees of freedom in the actual detectable signal of
interest, so that only sensor noise and measurement artifacts fall into n. To meet this goal, A should be physically general
and as insensitive to calibration errors as possible. It is previously shown in the case of MEG application that such a
physical model exists and it can be furthermore divided geometrically into the internal, containing the human brain, and
external, only containing interference fields, parts as:

A= {8 Sl (2)

This model is called as the signal space separation (SSS) model and it has been shown to be linearly independent for
any practical multichannel sensor array. To further improve the insensitivity to calibration errors, so-called empty room
signals without any subject may be measured, perform a statistical analysis, typically the principal component analysis
(PCA), and add any deviation of the dominating PCA components into the computational interference part as

Faye ™ Bogettd (3)

where §'stands for such a deviation (see patent application F1 20105769). In the present invention, the model is further
modified to include individual sensor noise and artifacts. It is assumed that the model A spans all signals of interest and
a model for the individual signal of the j:th channel is added in the following way:

where u; is a unit vector having its only non-zero element on channel j. Thus, u; corresponds to a signal that is only seen

on channel j and that cannot be estimated from the signal of any other channel. Now, eq. (1) transforms into

T
Ny
EUEOOTR (5)

where x; = [x; nj] and n; is otherwise as n but the j:th element of n; is zero. By solving for x; in eq. (5), an estimate can

be achieved for the individual signal of the j:th channel as the time-dependent variable nft), which is the last element of
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vectorxjaccording to eq. (5). Itis straightforward to show that this operation is mathematically equivalent to an algorithm
resembling cross-validation, where one can solve for x from eq. (1) by leaving out the j:th channel from m and A and
then calculate the estimate nft) by

(6)

where x’(t) stands for the estimate of x(t) without the contribution of the j:th channel and a; is the j:th column of the
model A. In this way, the individual artifactual activity of the j:th channel will show up as the deviation given by the time-
dependent variable nj(t).

[0052] The accuracy and reliability of sensor noise suppression is determined by the completeness and generality of
the model A as well as the stability of matrix inversion needed to solve equations (1) or (5). It is shown before that in
MEG, and probably in many other multichannel modalities, such a comprehensive model can be found. Furthermore, it
is shown here that the cross-validation approach is equivalent to using orthogonal unit vectors u;, which enables us to
model the individual sensor activity for each sensor one by one by using egs. (1) or (5) without any overlapping between
the contributions of the sensor models (ujouk = 0 forj = k) . Finally, it is noted that if we also have temporal oversampling
of the signal, i.e., our sampling frequency is much higher than the signal of interest to be modelled by, we can calculate
a reliable estimate for the noise covariance matrix from the high end of the frequency contents of the signal so that we
do not accidentally include the signal of interest in the covariance estimate. The covariance can be readily used in
Foster’s optimal inverse operation for a more accurate solution of eq. (1) or (5). The covariance estimate can be calculated
even with the signal of interest present in the measurement, provided that we have temporal oversampling, because it
can be mathematically proven that a covariance calculated from difference vectors between subsequent samples leads
to a noise covariance corresponding to the true white noise covariance multiplied by a factor of two. Here temporal
oversampling means that the difference vectors do not contain the signal of interest as it cancels out in the subtraction
of two temporally close samples.

[0053] In order to describe the physical arrangement and situation in real-life magnetic field measurements, Figure 1
is now referred and discussed. The object to be measured is a human head 10 in which the brain 11 produces signals
which are interesting. An interesting source 12 produces interesting magnetic fields 13 originating in the brain 11. The
MEG measurement device and especially the control electronics is shown in a simplified form as 17. The measurement
channels represented by a plurality of measurement sensors 14a-f (only the first and fourth ones are marked in the figure
for simplicity, and of course the total number of six sensors is only a simplified case of the actual measurement arrange-
ment comprising usually several hundreds of sensors) are located e.g. as a helmet formation around the patient’s head
10. Allmeasurement sensors 14a-f are connected to the control electronics 17. The control logic of the system comprising
a processor, memory and all other analysis tools are comprised in the MEG measurement device 19, connected to the
control electronics 17 and the measurement sensors 14a-f.

[0054] The raw signal collected by a sensor 14d of the MEG device is a superposition of three contributions or signal
types: The first one is formed by the interesting neuromagnetic signals represented by 13. The second one is generally
allnoise and interference from the environment, shown in the figure by large-capacity line 16, creating magnetic interfering
field 15. The third kind of signal is relevant to the present invention; these are formed by the artifacts 18 related to an
individual sensor 14d and its electronics 17. The SSS method is capable to separate the fields 13 of the interesting
magnetic sources, and the fields 15 of the interfering magnetic sources 16. The present invention is further capable to
separate the artifact 18 relating to the sensor 14d, and remove it from the magnetic field signal measured by sensor
14d. This is performed by the algorithm disclosed above in detail, run by the processor in the MEG measurement device
19. The results with much better S/N ratio can be seen in Figure 3.

[0055] Figure 2illustrates a flow chart of the method according to an example of the invention. At first, the measurement
arrangement is set up, by putting a measurement helmet comprising sensors around the patient’s head, for example.
In one example, the arrangement comprises 306 measurement sensors. The raw signal is recorded 21. At first, an n-
dimensional "magnetic subspace" following SSS analysis according to prior art is set up 22. The SSS method separates
the interesting magnetic sources from the interfering magnetic sources, the first ones locating inside the measurement
helmet, and the others clearly outside the measurement helmet, usually outside the measurement room, too. The number
of magnetic field shapes representing the interesting signals is in one example 80, and the number of magnetic field
shapes representing the interferences signals is 15, for instance. Therefore, the subspace 22 is in this example a 95*306
matrix representing all signals originating from magnetic sources.

[0056] After this step, the artifact analysis of the invention is started by forming a combined basis by adding m vectors
of type (0, 0, 0,..., 1, 0, 0,..., 0)T to the n-dimensional subspace in order to model artifacts and independent channel
noise 23. The combination is made according to equation 4. In this example, the size of this vector is 306*1, and in case
figure 2 would be concerned, element "1" would be the fourth element of the vector (k = 4 in that case). In the following
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step 24, the recorded N-dimensional signal is decomposed into n+m components in the combined basis. Finally, the
components corresponding to the m added vectors are subtracted from the raw signal 25.

[0057] Figures 3a and 3b illustrate two seconds of data from an MEG recording of human somatosensory response.
Signals from six MEG channels are shown. The y-scale of the figures is illustrated by a vertical segment of a line whose
length in this case is 200 fT/cm. In Figure 3a, there is the original recorded raw data. In Figure 3b, the same signals
after processing the data with the method of the present invention are illustrated. The two somatosensory responses,
simultaneously seen in five of the six channels, are clearly seen in the processed data. Only the sensor noise intrinsic
to each channel has been removed in this case. The reduction in random sensor noise is about a factor of five. Most of
the variation of the signals outside of the somatosensory response periods is from ongoing spontaneous brain activity
independent from the somatosensory stimulus.

[0058] The presentinvention can even be applied in analyzing Gallup results of different kinds of polls where gathered
results represent the opinions otherwise realistically, but there are some peculiar results which can be clearly regarded
as not real opinions. Such opinions can be regarded as artifacts which need to be cleared from the results in order to
achieve much more reliable poll result.

[0059] With using the present invention, sensors with higher noise characteristics may be used. Furthermore, super-
conductors applied in higher temperatures may be used in the used sensor technology. This releaves the requirements
of cooling of the sensors, because higher temperatures are possible. The present invention is thus capable to reduce
artifactual noise from the sensors by applying the presented method for all channels, one channel at a time by going
through the algorithm with for all values k = 1, ..., N regarding the unit vector combining procedure.

[0060] Thus,the mostimportantadvantage ofthe presentinventionis thatthe artifactual noise inthe set of measurement
channels can be clearly reduced, improving the overall quality in analyzing the biomagnetic signals. Furthermore, the
presented method is broadly applicable in many different applications, comprising multichannel magnetoencephalogra-
phy, electroencephalography and magnetic resonance imaging measurements.

[0061] Furthermore, as practical application targets, patients with concussion of the brain or epilepsy will have efficient
results when the multichannel measurements are applied to them and the algorithm of the present invention is therewith
applied.

[0062] The steps of the method presented for the invention can be carried out in applicable parts as a computer
program that can be run on the data processing logic of the MEG device, the EEG device or the MRI device i.e. typically
on the processor of the device. The device may include a memory or other storage medium wherein the computer
program, the data input and other parameters required by the method and the results obtained from the measurements
can be stored.

[0063] The invention is not limited merely to the exemplifying embodiments referred to above; instead, many variations
are possible within the scope of the inventive idea defined by the claims.

Claims

1. A method for recognizing and removing undesired artifacts in at least one measurement channel of a multichannel
magnetic field or electric potential measurement, wherein a measurement device comprises a set of N measurement
sensors and a data processing logic, and wherein the method comprises the step of:

generating a basis defining an n-dimensional subspace of the N-dimensional signal space, where n is smaller
than N, using in the definition of the n-dimensional basis a physical model of a Signal Space Separation method,
or a statistical model based on the statistics of recorded N-dimensional signals;

characterized in that the method further comprises the steps of:

- forming a combined (n+m)-dimensional basis by adding m signal vectors to the n-dimensional basis, each
of these m signal vectors representing a signal present only in a single channel of the N-channel device,
- decomposing the recorded N-dimensional signal vector into n+m components in the combined basis, and
- subtracting from the recorded N-dimensional signal vector the components corresponding to the m added
vectors in the combined basis.

2. Method according to claim 1, characterized in that,
recording the signal at a spatial sampling rate exceeding the highest spatial frequencies in the signal of interest, so
that n+m is smaller than N.

3. Method according to claim 1, characterized in that,
adding only one basis vector, representing the signal in this one channel only, to the n-dimensional basis, where m
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is equal to 1.

Method according to any of the claims 1 - 3, characterized in that,

repeating the decomposition of the recorded signal into the n+1 components in the combined basis N times, using
as the one additive basis vector a vector corresponding to each one of the channels at a time, and

subtracting the N signal components corresponding to the additive basis vectors in each decomposition from the
original data.

Method according to claim 1, characterized in that,

stabilizing numerically a solution of a linear problem related to the decomposition of the N-dimensional signal into
the n+m components by using the Wiener-Kolmogorov method described by Foster or by any similar regularization
method.

Method according to claim 5, characterized in that,
estimating statistical correlations of the sensor noise between the N channels, which correlations are needed in the
numerical regularization method, from differences between consecutive samples in the recorded signals.

Method according to claim 6, characterized in that,
estimating the statistical correlations of the sensor noise between the N channels from the correlations in high-pass
filtered recorded signals.

Method according to any of the claims 5-7, characterized in that,
recording the signal at a temporal sampling rate exceeding the highest frequencies in the signal of interest.

Method according to claim 1, characterized in that the steps of forming, decomposing and subtracting are realized
by a cross validation method where the signal of m channels are derived from the signals of the other N-m channels
based on the n-dimensional physical model, or based on the n-dimensional statistical model of the original N-
dimensional signal.

Method according to any of the claims 1-9, characterized in that,
applying the method to recordings made by a multichannel magnetoencephalography (MEG) device.

Method according to any of the claims 1-9, characterized in that,
applying the method to recordings made by a multichannel electroencephalography (EEG) device.

Method according to any of the claims 1-9, characterized in that,
applying the method to recordings of magnetic resonance signals obtained by a multichannel MRI device.

A multichannel measurement device arranged to recognize and remove undesired artifacts in at least one meas-
urement channel of a multichannel magnetic field or electric potential measurement, wherein the measurement
device comprises

a set of N measurement sensors; and

a data processing logic, which is arranged to generate a basis defining an n-dimensional subspace of the N-dimen-
sional signal space, where n is smaller than N, using in the definition of the n-dimensional basis a physical model
of a Signal Space Separation method, or a statistical model based on the statistics of recorded N-dimensional signals;
characterized in that the data processing logic is further arranged to:

- form a combined (n+m)-dimensional basis by adding m signal vectors to the n-dimensional basis, each of
these m signal vectors representing a signal present only in a single channel of the N-channel device,

- decompose the recorded N-dimensional signal vector into n+m components in the combined basis, and

- subtract from the recorded N-dimensional signal vector the components corresponding to the m added vectors
in the combined basis.

A computer program for recognizing and removing undesired artifacts in at least one measurement channel of a
multichannel magnetic field or electric potential measurement, wherein a measurement device comprises a set of
N measurement sensors and a data processing logic, and wherein the computer program comprises program code
which, when run on the data processing logic, is arranged to execute the step of:

10
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generating a basis defining an n-dimensional subspace of the N-dimensional signal space, where n is smaller
than N, using in the definition of the n-dimensional basis a physical model of a Signal Space Separation method,
or a statistical model based on the statistics of recorded N-dimensional signals;

characterized in that the computer program is further arranged to execute the steps of:

- forming a combined (n+m)-dimensional basis by adding m signal vectors to the n-dimensional basis, each
of these m signal vectors representing a signal present only in a single channel of the N-channel device,
- decomposing the recorded N-dimensional signal vector into n+m components in the combined basis, and
- subtracting from the recorded N-dimensional signal vector the components corresponding to the m added
vectors in the combined basis.

15. The computer program according to claim 14, characterized in that the computer program is stored on a medium
readable by the data processing logic.

Patentanspriiche

1. Verfahren zum Erkennen und Entfernen von unerwiinschten Bildfehlern in zumindest einem Messkanal einer Mehr-
kanal-Magnetfeld- oder -Elektropotentialmessung, wobei eine Messvorrichtung einen Satz aus N Messsensoren
und eine Datenverarbeitungslogik aufweist, und wobei das Verfahren die Schritte aufweist:

Erzeugen einer Basis, die einen n-dimensionalen Subraum des N-dimensionalen Signalraums definiert, wobei
n kleiner als N ist, unter Verwendung eines Signalraum-Trennverfahrens oder eines statistischen Modells auf
der Grundlage der Statistik von aufgezeichneten N-dimensionalen Signalen bei der Definition der n-dimensio-
nalen Basis eines physischen Modells;

dadurch gekennzeichnet, dass das Verfahren weiterhin die Schritte aufweist:

- Bilden einer kombinierten (n+m)-dimensionalen Basis durch Hinzufiigen von m Signalvektoren zu der n-
dimensionalen Basis, wobei jeder dieser m Signalvektoren ein Signal darstellt, das nur in einem einzelnen
Kanal der N-Kanal-Vorrichtung vorhanden ist,

- Zerlegen des aufgezeichneten N-dimensionalen Signalvektors in n+m Komponenten in der kombinierten
Basis und

- Subtrahieren der Komponenten entsprechend den m hinzugefligten Vektoren in der kombinierten Basis
von dem aufgezeichneten N-dimensionalen Signalvektor.

2. Verfahren nach Anspruch 1, gekennzeichnet durch

Aufzeichnen des Signals mit einer rdumlichen Abtastrate, die die hdchsten rdumlichen Frequenzen in dem
interessierenden Signal Gberschreitet, so dass n+m kleiner als N ist.

3. Verfahren nach Anspruch 1, gekennzeichnet durch

Hinzufligen nur eines Basisvektors, der das Signal nur in diesem einen Kanal darstellt, zu der n-dimensionalen
Basis, wobei m gleich 1 ist.

4. Verfahren nach einem der Anspriiche 1 bis 3, gekennzeichnet durch

N-maliges Wiederholen der Zerlegung des aufgezeichneten Signals in die n+1 Komponenten in der kombinierten
Basis unter Verwendung, als des einen zusatzlichen Basisvektors, eines Vektors, der zu einer Zeit jedem der
Kanale entspricht und

Subtrahieren der N Signalkomponenten entsprechend den zuséatzlichen Basisvektoren bei jeder Zerlegung von
den urspriinglichen Daten.

5. Verfahren nach Anspruch 1, gekennzeichnet durch
numerisches Stabilisieren einer Lésung eines linearen Problems, das auf die Zerlegung des N-dimensionalen

Signals in die n+m Komponenten bezogen ist, durch Verwendung des durch Foster beschriebenen Wiener-
Kolmogorov-Verfahrens oder irgendeines ahnlichen Regulierungsverfahrens.
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Verfahren nach Anspruch 5, gekennzeichnet durch

Schéatzen statistischer Korrelationen des Sensorrauschens zwischen den N Kanélen, welche Korrelationen in
dem numerischen Regulierungsverfahren benétigt werden, anhand von Differenzen zwischen aufeinanderfol-
genden Abtastungen in den aufgezeichneten Signalen.

Verfahren nach Anspruch 6, gekennzeichnet durch

Schatzen der statistischen Korrelationen des Sensorrauschens zwischen den N Kanélen anhand der Korrela-
tionen in hochpassgefilterten aufgezeichneten Signalen.

Verfahren nach einem der Anspriiche 5 - 7, gekennzeichnet durch

Aufzeichnen des Signals mit einer zeitlichen Abtastrate, die die héchsten Frequenzen in dem interessierenden
Signal Uberschreitet.

Verfahren nach Anspruch 1, dadurch gekennzeichnet, dass die Schritte des Bildens, Zerlegens und Subtrahierens
realisiert werden durch ein Kreuzvalidierungsverfahren, bei dem die Signale von m Kanélen abgeleitet werden von
den Signalen der anderen N-m Kanéle auf der Grundlage des n-dimensionalen physischen Modells oder auf der
Grundlage des n-dimensionalen statistischen Modells des urspriinglichen N-dimensionalen Signals.

Verfahren nach einem der Anspriiche 1- 9, gekennzeichnet durch

Anwenden des Verfahrens auf Aufzeichnungen, die von einer Mehrkanal-Magnetenzephalographie(MEG)-Vor-
richtung gemacht wurden.

Verfahren nach einem der Anspriiche 1- 9, gekennzeichnet durch

Anwenden des Verfahrens auf Aufzeichnungen, die von einer Mehrkanal-Elektroenzephalographie(EEG)-Vor-
richtung gemacht wurden.

Verfahren nach einem der Anspriiche 1 bis 9, gekennzeichnet durch

Anwenden des Verfahrens auf Aufzeichnungen von Magnetresonanzsignalen, die durch eine Mehrkanal-MRT-
Vorrichtung erhalten wurden.

Mehrkanal-Messvorrichtung, die zum Erkennen und zum Entfernen unerwiinschter Bildfehler in zumindest einem
Messkanal einer Mehrkanal-Magnetfeld- oder -Elektropotential-Messung eingerichtet ist, welche Messvorrichtung
aufweist:

einen Satz von N Messsensoren; und

eine Datenverarbeitungslogik, die angeordnet ist zum Erzeugen einer Basis, die einen n-dimensionalen Sub-
raum des N-dimensionalen Signalraums definiert, wobei n kleiner als N ist, unter Verwendung eines physischen
Modells eines Signalraum-Trennverfahrens oder eines statistischen Modells auf der Grundlage der Statistiken
der aufgezeichneten N-dimensionalen Signale in der Definition der n-dimensionalen Basis;

dadurch gekennzeichnet, dass die Datenverarbeitungslogik weiterhin angeordnet ist zum:

- Bilden einer kombinierten (n+m)-dimensionalen Basis durch Hinzufligen von m Signalvektoren zu der n-
dimensionalen Basis, wobei jeder dieser m Signalvektoren ein Signal darstellt, das nur in einem einzigen
Kanal der N-Kanal-Vorrichtung vorhanden ist,

- Zerlegen des aufgezeichneten N-dimensionalen Signalvektors in n+m Komponenten in der kombinierten
Basis und

- Subtrahieren der Komponenten entsprechend den m hinzugefligten Vektoren in der kombinierten Basis
von dem aufgezeichneten N-dimensionalen Signalvektor.

Computerprogramm zum Erkennen und Entfernen unerwiinschter Bildfehler in zumindest einem Messkanal einer

Mehrkanal-Magnetfeld- oder -Elektropotential-Messung, wobei eine Messvorrichtung einen Satz von N Messsen-
soren und eine Datenverarbeitungslogik aufweist und wobei der Computer einen Programmcode aufweist, der,
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wenn er in der Datenverarbeitungslogik ablauft, angeordnet ist zum Durchfihren des Schritts:

Erzeugen einer Basis, die einen n-dimensionalen Subraum des n-dimensionalen Signalraums definiert, wobei
n kleiner als N ist, unter Verwendung eines physischen Modells eines Signalraum-Trennverfahrens oder eines
statistischen Modells auf der Grundlage der Statistiken von aufgezeichneten N-dimensionalen Signalen in der
Definition der n-dimensionalen Basis;

dadurch gekennzeichnet, dass das Computerprogramm weiterhin angeordnet ist, die Schritte auszufiihren:

- Bilden einer kombinierten (n+m)-dimensionalen Basis durch Hinzufligen von m Signalvektoren zu der n-
dimensionalen Basis, wobei jeder dieser m Signalvektoren ein Signal darstellt, das nur in einem einzigen
Kanal der N-Kanal-Vorrichtung vorhanden ist,

- Zerlegen des aufgezeichneten N-dimensionalen Signalvektors in n+m Komponenten in der kombinierten
Basis und

- Subtrahieren der Komponenten entsprechend den m hinzugefligten Vektoren in der kombinierten Basis
von dem aufgezeichneten N-dimensionalen Signalvektor.

15. Computerprogramm nach Anspruch 14, dadurch gekennzeichnet, dass das Computerprogramm in einem durch

die Programmverarbeitungslogik lesbaren Medium gespeichert ist.

Revendications

Procédé de reconnaissance et d’élimination d’artefacts non souhaités dans au moins un canal de mesure d’'une
mesure multicanal de champ magnétique ou de potentiel électrique, dans lequel un dispositif de mesure comprend
un ensemble de N capteurs de mesure et une logique de traitement de données, et dans lequel le procédé comprend
I'étape consistant a :

générer une base définissant un sous-espace n-dimensionnel de I'espace de signal N-dimensionnel, n étant
inférieur a N, au moyen, dans la définition de la base n-dimensionnelle, d’'un modéle physique d’'une méthode
de séparation d’espace de signal, ou d’'un modele statistique basé sur les statistiques de signaux N-dimension-
nels enregistrés ;

caractérisé en ce que le procédé comprend en outre les étapes consistant a :

- former une base (n + m)-dimensionnelle combinée par addition de m vecteurs de signal a la base n-
dimensionnelle, chacun de ces m vecteurs de signal représentant un signal qui n’est présent que dans un
seul canal du dispositif a N canaux,

-décomposer le vecteur de signal N-dimensionnel enregistré en n + m composantes dans la base combinée,
et

- soustraire les composantes correspondant aux m vecteurs additionnés dans la base combinée du vecteur
de signal N-dimensionnel enregistré.

Procédé selon la revendication 1, caractérisé par,
I'enregistrement du signal a une fréquence d’échantillonnage spatial dépassant les fréquences spatiales les plus
élevées du signal d’intérét, de sorte que n + m soit inférieur a N.

Procédé selon la revendication 1, caractérisé par,
I'addition d’un seul vecteur de base, représentant le signal uniquement dans ce canal, a la base n-dimensionnelle,
oum estégala .

Procédeé selon I'une quelconque des revendications 1 a 3, caractérisé par,

la répétition, N fois, de la décomposition du signal enregistré en n + 1 composantes dans la base combinée, au
moyen, en tant que vecteur de base d’addition, d’'un vecteur correspondant a chacun des canaux a la fois, et

la soustraction des N composantes de signal, correspondant aux vecteurs de base d’addition de chaque décom-
position, des données d’origine.

Procédé selon la revendication 1, caractérisé par,

la stabilisation numérique d’'une solution a un probléme linéaire associé a la décomposition du signal N-dimensionnel
en n + m composantes au moyen de la méthode de Wiener-Kolmogorov décrite par Foster ou d’'une quelconque
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méthode de régularisation similaire.

Procédé selon la revendication 5, caractérisé par,

I'estimation de corrélations statistiques du bruit de capteurs entre les N canaux, lesdites corrélations étant néces-
saires pour la méthode de régularisation numérique, a partir de différences entre des échantillons consécutifs des
signaux enregistrés.

Procédé selon la revendication 6, caractérisé par,
I'estimation des corrélations statistiques du bruit de capteurs entre les N canaux a partir des corrélations de signaux
enregistrés ayant fait I'objet d’un filtrage passe-haut.

Procédé selon I'une quelconque des revendications 5 a 7, caractérisé par,
I'enregistrement du signal a une fréquence d’échantillonnage temporel dépassant les fréquences les plus élevées
du signal d’intérét.

Procédé selonlarevendication 1, caractérisé en ce que les étapes de formation, de décomposition et de soustraction
sont exécutées par une méthode de validation croisée selon laquelle les signaux de m canaux sont dérivés des
signaux des autres N-m canaux sur la base du modéle physique n-dimensionnel, ou sur la base du modéle statistique
n-dimensionnel du signal N-dimensionnel d’origine.

Procédé selon I'une quelconque des revendications 1 a 9, caractérisé par,
I'application de la méthode a des enregistrements effectués par un dispositif de magnétoencéphalographie (MEG)
multicanal.

Procédeé selon l'une quelconque des revendications 1 a 9, caractérisé par,
I'application de la méthode a des enregistrements effectués par un dispositif d’électroencéphalographie (EEG)
multicanal.

Procédeé selon I'une quelconque des revendications 1 a 9, caractérisé par,
I'application de la méthode a des enregistrements de signaux de résonance magnétique obtenus par un dispositif
d’IRM multicanal.

Dispositif de mesure multicanal congu pour reconnaitre et éliminer des artefacts non souhaités dans au moins un
canal de mesure d’une mesure multicanal de champ magnétique ou de potentiel électrique, dans lequel le dispositif
de mesure comprend

un ensemble de N capteurs de mesure ; et

une logique de traitement de données, qui est congue pour générer une base définissant un sous-espace n-dimen-
sionnel de I'espace de signal N-dimensionnel, n étant inférieur a N, au moyen, dans la définition de la base n-
dimensionnelle, d’'un modéle physique d’'une méthode de séparation d’espace de signal, ou d’'un modéle statistique
basé sur les statistiques de signaux N-dimensionnels enregistrés ;

caractérisé en ce que la logique de traitement de données est en outre congue pour :

- former une base (n + m)-dimensionnelle combinée par addition de m vecteurs de signal a la base n-dimen-
sionnelle, chacun de ces m vecteurs de signal représentant un signal qui est présent uniquement dans un seul
canal du dispositif a N canaux,

- décomposer le vecteur de signal N-dimensionnel enregistré en n + m composantes dans la base combinée, et
- soustraire les composantes correspondant aux m vecteurs additionnés dans la base combinée du vecteur de
signal N-dimensionnel enregistré.

Programme d’ordinateur permettant de reconnaitre et d’éliminer des artefacts non souhaités dans au moins un
canal de mesure d’'une mesure multicanal de champ magnétique ou de potentiel électrique, dans lequel un dispositif
de mesure comprend un ensemble de N capteurs de mesure et une logique de traitement de données, et dans
lequel le programme d’ordinateur comprend un code de programme qui, lorsqu’il est exécuté sur la logique de
traitement de données, est congu pour exécuter I'étape consistant a :

générer une base définissant un sous-espace n-dimensionnel de I'espace de signal N-dimensionnel, n étant

inférieur a N, au moyen, dans la définition de la base n-dimensionnelle, d’'un modele physique d’'une méthode
de séparation d’espace de signal, ou d’'un modele statistique basé sur les statistiques de signaux N-dimension-
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nels enregistrés ;
caractérisé en ce que le programme d’ordinateur est en outre congu pour exécuter les étapes consistant a :

- former une base (n + m)-dimensionnelle combinée par addition de m vecteurs de signal a la base n-
dimensionnelle, chacun de ces m vecteurs de signal représentant un signal qui est présent uniquement
dans un seul canal du dispositif a N canaux,

- décomposer le vecteur de signal N-dimensionnel enregistré en n + m composantes dans la base combinée,
et

- soustraire les composantes correspondant aux m vecteurs additionnés dans la base combinée du vecteur
de signal N-dimensionnel enregistré.

15. Programme d’ordinateur selon la revendication 14, caractérisé en ce que le programme d’ordinateur est mémorisé
sur un support lisible par la logique de traitement de données.
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Recording the
raw data
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22
h

Setting up in the signal space
an n-dimensional subspace that
contains the physical signals
from magnetic sources, based
on e.g. SSS-model

23

24

Forming a combined basis by adding
m vectors of type (0,0,0,1,...0,0)!

to the n-dimensional subspace in order
to model artifacts and independent
channel noise

Decomposing the recorded N-dimensional
signal into n+tm components
in the combined basis

Subtracting the components
| corresponding to the m added J
vectors from the raw signal

Figure 2
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Figure 3a
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