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(57) ABSTRACT

A diagnostic system includes an array of electrodes, which
are coupled to a body surface of a living subject at different,
respective positions in proximity to a region of interest
within the body. A switched impedance network applies
varying loads to the electrodes. A processor is coupled to
receive and measure electrical signals from the electrodes as
a function of the varying loads, and to analyze the measured
signals so as to compute a local electrical characteristic of
one or more locations within the region of interest.
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IMPEDANCE-ENRICHED
ELECTROPHYSIOLOGICAL
MEASUREMENTS

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims the benefit of U.S. Provi-
sional Patent Application 62/638,322, filed Mar. 5, 2018,
which is incorporated herein by reference.

FIELD OF THE INVENTION

[0002] The present invention relates generally to signal
processing, and particularly to apparatus and methods for
acquiring and processing electrophysiological signals.
[0003] BACKGROUND

[0004] Electroencephalography (EEG) is a technique for
noninvasive measurement of the electrical potentials over
the scalp, aiming to reconstruct the underlying primal elec-
trical activity of the brain cortex. EEG is a valuable tool both
for diagnosis of neurological diseases (epilepsy being a
well-known example) and for research.

[0005] Despite its clinical importance, conventional EEG
measurement is capable of only low spatial and temporal
resolution. One reason for the low spatial resolution is the
unsolved complexity of electrical conductivity distribution
within the head. Another reason is the influence of the skull
on the propagation of electrical signals from the neural
sources to the scalp: The skull effectively acts as a spatial
low-pass filter. The EEG itself is limited in temporal fre-
quency to the range below about 100 Hz. These constraints
place a bound on the information that can be extracted from
an EEG signal.

[0006] Electrical impedance tomography (EIT) is a medi-
cal imaging technique that infers and displays the electrical
conductivity, permittivity, and/or impedance of a part of the
body based on surface electrode measurements. Typically,
conducting body-surface electrodes are attached to the skin
around the body part being examined. Small alternating
currents are applied to some or all of the electrodes, and the
resulting voltages sensed by the other electrodes are
recorded. This process is repeated for numerous different
electrode configurations and finally results in reconstruction
of a tomographic image, using image reconstruction algo-
rithms that are known in the art.

SUMMARY

[0007] Embodiments of the present invention that are
described herein provide improved systems and methods for
processing and localizing electrophysiological signals.
[0008] There is therefore provided, in accordance with an
embodiment of the invention, a diagnostic system, including
an array of electrodes, which are configured to be coupled to
a body surface of a living subject at different, respective
positions in proximity to a region of interest within the body.
A switched impedance network is configured to apply vary-
ing loads to the electrodes. A processor is coupled to receive
and measure electrical signals from the electrodes as a
function of the varying loads, and to analyze the measured
signals so as to compute a local electrical characteristic of
one or more locations within the region of interest.

[0009] In the disclosed embodiments, the switched imped-
ance network includes a plurality of impedance components
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interconnected by analog switches, and the impedance com-
ponents are selected from a group of components consisting
of resistors and capacitors.

[0010] In some embodiments, the electrodes are config-
ured to sense an electrical activity in the body having a
maximal frequency, and the processor is configured to
receive and measure the electrical signals due to the sensed
electrical activity while varying the loads applied by the
switched impedance network at a rate greater than twice the
maximal frequency, and possibly at least ten times the
maximal frequency. In a disclosed embodiment, the region
of interest is a head of the subject, and whetrein the elec-
trodes are configured to sense an electroencephalogram
(EEG) of the subject.

[0011] In some embodiments, the system includes a field
generator, which is configured to generate a time-varying
electric field within the region of interest, and the processor
is configured to measure the electrical signals output from
the electrodes in response to the time-varying electric field.
In one embodiment, the field generator includes a driver,
which is coupled to drive an electrode coupled to the body
of the subject to generate the time-varying electric field. In
another embodiment, the field generator is incorporated in
an implantable device. The processor may be configured to
localize the implantable device within the body by analyzing
the measured signals.

[0012] In still another embodiment, the processor is con-
figured to analyze the measured signals so as to identify a
location of a source of a signal within the region of interest.

[0013] In some embodiments, the processor is configured
to analyze the measured signals so as to estimate local
electrical impedances of one or more locations within the
region of interest. In a disclosed embodiment, the processor
is configured to estimate the local electrical impedances by
find a matrix of the impedances between the electrodes in the
array, and associating the matrix of the impedances with the
respective positions of the electrodes in order to find the
local electrical impedances of the one or more locations. The
processor may be configured to generate and output an
electrical impedance tomogram incorporating the local elec-
trical impedances.

[0014] There is also provided, in accordance with an
embodiment of the invention, a diagnostic method, which
includes coupling an array of electrodes to a body surface of
aliving subject at different, respective positions in proximity
to a region of interest within the body. Varying loads are
applied to the electrodes using a switched impedance net-
work connected to the electrodes. Electrical signals from the
electrodes are received and measured as a function of the
varying loads. The measured signals are analyzed so as to
compute a local electrical characteristic of one or more
locations within the region of interest.

[0015] The present invention will be more fully under-
stood from the following detailed description of the embodi-
ments thereof, taken together with the drawings in which:

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] FIG. 1 is schematic pictorial illustration of a sys-
tem for processing of electrical signals received from the
body of a living subject, in accordance with an embodiment
of the invention;



US 2019/0269348 A1l

[0017] FIG. 2 is an electrical schematic diagram showing
details of a switched impedance network connected to
body-surface electrodes, in accordance with an embodiment
of the invention;

[0018] FIG. 3 is a flow chart that schematically illustrates
a method for processing electrophysiological signals, in
accordance with an embodiment of the invention; and
[0019] FIG. 4 is a schematic pictorial illustration of a
system used in insertion of a subdural strip into the skull of
a patient, in accordance with an embodiment of the inven-
tion.

DETAILED DESCRIPTION OF EMBODIMENTS

Overview

[0020] The embodiments of the present invention that are
described hereinbelow relate primarily to EEG and mea-
surement of local electrical characteristics of tissue within
the brain. These embodiments address the difficulty in
noninvasively extracting local electrical information, due to
the spatial complexity of the brain on the one hand and the
low-pass filtering effect of the skull on the other.

[0021] In contrast to the low spatial and temporal frequen-
cies of the EEG, current technologies allow sampling of
electrical signals at rates up to tens of GHz. There is thus an
enormous gap between the technological potential for infor-
mation acquisition and the actual information extraction
from EEG by current methods. This gap cannot be filled via
algorithmic solutions alone. Therefore, the present embodi-
ments offer distinct physical solutions, using switched
impedance networks. Although these solutions are described
below specifically with reference to the brain, the principles
of the disclosed embodiments may alternatively be applied,
mutatis mutandis, to other organs and regions of interest
within the body of a living subject, such as the thorax, and
these alternative applications are considered to be within the
scope of the present invention.

[0022] The EEG forward problem relates the distribution
of the electrical potentials M measured by electrodes on the
scalp of the subject’s head to a given distribution of the
primary current sources X (assuming that X is known)and
the electrical conductivity within the head. The inverse EEG
problem is to find the distribution of current sources from the
measurements on the scalp. In the disclosed embodiments, a
switched impedance network is used in applying varying
loads to the electrodes, thus creating temporal variations in
the boundary conditions of the EEG forward problem and,
by the same token, adding independent equations to the
inverse problem. In some embodiments, the loads are varied
at a rate at least twice the maximal frequency of the
biological signals that are being measured (for example, 100
Hz in the case of EEG), or even ten times the maximal
frequency. Alternatively, since the EEG signals can be
averaged over a number of distinct measurement periods, the
effective number of equations can be increased even if the
impedance network is static within a trial but is altered
between different measurement periods.

[0023] Thus, in the disclosed embodiments, a diagnostic
system, comprises an array of electrodes, which are coupled
to the body surface of the subject at different, respective
positions in proximity to a region of interest within the body,
for example the brain. A switched impedance network
applies varying loads to the electrodes. A processor receives
and measures electrical signals from the electrodes as a
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function of the varying loads, and analyze the measured
signals so as to compute local electrical characteristics of
locations within the region of interest.

[0024] The above-mentioned provisional patent applica-
tion provides a detailed theoretical background for the
operation of these embodiments (see particularly pages 6-21
in the provisional specification). These theoretical details
will be omitted from the following description for the sake
of brevity.

[0025] Some embodiments of the present invention can be
applied, for instance, in addressing the problem that EEG
measurements are often incapable of distinguishing between
a strong deep current dipole source within the brain and a
weak source close to the surface. Moreover, it may be
impossible to distinguish between a deep source within the
brain and the electrical signal resulting from muscle activa-
tion under the scalp. The disclosed embodiments can be used
to discriminate between these activities, since they produce
different responses in different parts of the impedance net-
work. In preliminary trials, the inventors were able to
remove typical EEG artifacts such as cardiac signals and
signals due to blinking, jaw and neck muscle movement.
[0026] Additionally or alternatively, the switched imped-
ance network can be applied to increase spatial resolution
when electrodes are placed on the scalp with a density above
the spatial Nyquist frequency of the EEG signals. This
approach can be used in making passive impedance mea-
surements of the brain tissue, in conjunction with or inde-
pendently of an implanted device. The switched impedance
network used in the present embodiments makes it possible
to measure impedance passively—meaning that the mea-
surement is made without having to apply electrical signals
to the brain—by comparing electrical potentials between
electrodes interconnected by shunting impedances that vary
in space and/or in time. In this situation, the brain currents
themselves can serve as the electrical source for impedance
measurement, thus avoiding possible adverse health effects
arising from the application of alternating electrical currents
to the brain.

[0027] The measurement of local electrical impedances in
this manner can be used in generating electrical impedance
tomograms (EITs), and can also provide information regard-
ing early ictal changes, which are reflected in local imped-
ance variations within the brain. These measurements can be
used in conjunction with an implanted device, for example,
in closed loop neuro-stimulation in order to suppress devel-
opment of epileptic seizures.

[0028] In some embodiments of the present invention, the
electrical signals measured as a function of the varying loads
applied by the switched impedance network are processed in
order find a matrix of impedances between the electrodes
that are applied to the body surface (referred to as the
Z-matrix). This matrix is associated with the respective
positions of the electrodes in order to map the local electrical
impedances to location coordinates within the body, and thus
generate the EIT. The theoretical basis for the Z-matrix and
derivation of the matrix using varying loads on the elec-
trodes is described in detail in the Appendix of the above-
mentioned provisional patent application (particularly pages
1-6), and is omitted here for the sake of brevity.

[0029] The electrical signals that are measured for the
purposes of EIT in these embodiments may be due to
existing fields resulting from biological activity (such as
EEG, ECG or EMG), as noted above, or even due to
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electrical noise from power lines or from the communication
signal of a device that is implanted in the subject’s body.
This passive approach is advantageous, particularly (though
not exclusively) when applied in conjunction with implant-
able and wearable devices. Potential advantages include
reduced power consumption, immunity to electrical noise,
minimized current injection into biological tissues, dimin-
ished nonlinear effects due to current injection, cost effec-
tiveness, and the possibility of monitoring changes in bio-
impedance at frequencies overlying the spectrum of
electrophysiological signals that are being monitored, such
as BEG.

[0030] In another embodiment, passive impedance mea-
surement is combined with local drug delivery using cath-
eters, for example. In such cases impedance monitoring can
detect tissue reaction to the delivered drug, such as hyper-
emia, inflammation or gliosis. Such embodiments can be
applied, inter alia, in closed-loop electrophoretic drug deliv-
ery and in catheter-based drug delivery to brain tumors. In
this latter case, passive impedance monitoring can detect
changes of tissue impedance associated with bleeding or
edema.

System Description

[0031] FIG. 1 is block diagram that schematically illus-
trates a system 20 for processing of signals received from a
head 24 of a living subject, in accordance with an embodi-
ment of the invention. System 20 comprises an array of
electrodes 22, which are applied to the scalp at different,
respective positions around head 24. Electrodes 22 are
typically applied externally to the scalp, using an adhesive
or gel, for example, to reduce their contact impedance.
Alternatively, invasive electrodes, which penetrate the skin,
may be used for better contact. Electrodes 22 may be
arranged in a standard array, such as the well-known 10-20
electrode placement that is used in EEG measurements, or in
any other suitable arrangement, with larger or smaller num-
bers of electrodes.

[0032] A switched impedance network 26 applies varying
loads to the electrodes. A processor 28 receives and mea-
sures electrical signals from electrodes 22 via impedance
network 26 as a function of the varying loads, and analyzes
the measured signals so as to compute local electrical
characteristics of one or more locations within the brain. For
example, processor 28 may apply the measurements made
by various electrodes 22 under different loads in order to
distinguish a signal V, that is emitted from an internal
location 34 deep inside the brain from a signal V, that is
emitted from a surface location 36.

[0033] In some embodiments, processor 28 receives, via
impedance network 26, signals that are generated spontane-
ously by the brain and other organs within head 24, such as
EEG or EMG (electromyogram) signals, or even noise
signals that arise within the head, due to power line radia-
tion, for example. Alternatively or additionally, system 20
may comprise a field generator, which generates a time-
varying electric field within head 24; and processor 28 may
then measure the electrical signals output from the elec-
trodes in response to this time-varying electric field. In the
example shown in FIG. 1, the field generator comprises a
driver 38, which applies a signal to one of electrodes 22 in
order to generate the time-varying electric field. Alterna-
tively, the field generator may be incorporated in an implant-
able device, as in the example shown in FIG. 4.

Sep. 5,2019

[0034] Processor 28 comprises a front end (not shown),
which senses, amplifies, filters, and digitizes electrical sig-
nals received from electrodes 22 via network 26. On the
basis of these signals and the known variation of the loads
applied by network 26, processor 28 computes local elec-
trical characteristics within the brain, for example voltages
and/or impedances at locations 34 and 36. Typically, pro-
cessor 28 uses the measurements made from different elec-
trodes with different loads in calculating elements of the gain
matrix G relating the currents generated at an array of
locations in the brain to the signals measured by the various
electrodes. Equivalently, processor 28 may calculate an
impedance matrix Z between the locations in the brain and
the electrodes or between different pairs of the electrodes.
The theoretical basis and details of these computations are
explained in the above-mentioned provisional application.

[0035] Typically, processor 28 comprises a general-pur-
pose computer, which has suitable interfaces for communi-
cation with the other elements of system 20 and is pro-
grammed in software to carry out the functions that are
described herein. This software may be stored, for example,
on tangible, non-transitory computer-readable media, such
as optical, magnetic, or electronic memory media. Alterna-
tively, at least some of the functions of processor 28 may be
carried out in hard-wired or programmable logic. Processor
28 typically saves the results of its computations in a
memory 30 and presents the results in numerical and/or
graphical form—for example as slices in an EIT image of
the brain—on a display 32.

[0036] FIG. 2 is an electrical schematic diagram showing
details of switched impedance network 26 and its connec-
tions to electrodes 22, in accordance with an embodiment of
the invention. Network 26 comprises multiple impedance
components 42, 44, 46, which have respective values Z,, Z,,
..., and are interconnected by analog switches 48. Imped-
ance components 42, 44, 46 may comprise resistors and/or
capacitors, for example. Analog switches 48 may comprise,
for example, DG417 precision CMOS analog switches,
produced by Vishay Siliconix (Sunnyvale, Calif.), or any
other suitable device that is capable of switching at frequen-
cies in the desired range, typically 1000 Hz or more, without
generating substantial switching transients. Although FIG. 2
shows a certain specific configuration of the switches and
impedance components, which permits both shunt and series
impedances to be controlled, this configuration is shown
only by way of example, and alternative network configu-
rations will be apparent to those skilled in the art and are
considered to be within the scope of the present invention.

[0037] Each location 34 within the brain is coupled to each
of electrodes 22 through a corresponding source impedance
39, withvalues Z,, Z ,, . . ., due to the inherent impedance
of the tissues within head 24 and the attachment impedance
of the electrode to the scalp. A common electrode 40 serves
as a ground. Impedance components 42 and 44 may advan-
tageously comprise resistors, typically in the range of sev-
eral hundred to several thousand ohms, comparable to or
greater than impedances 39. Additionally or alternatively,
when electrodes 22 are applied to the scalp without using gel
or piercing the skin, impedances 39 typically comprise a
substantial capacitive component. In this case, it can be
advantageous to incorporate capacitors in impedance com-
ponents 42 and/or 44, and to operate switches 48 at a high
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frequency in order to enhance the capacitive coupling
between head 24 and the output V. of network 26 to
processor 28.

[0038] Switches 48 may be operated at any suitable fre-
quency, but generally speaking, the operation of network 26
falls into two broad regimes:

[0039] A static regime, in which the switches are
opened at closed at rates substantially lower than the
frequencies of the signals sensed by electrodes 22; and

[0040] A dynamic regime, in which the switches are
opened and closed at rates substantially higher than the
signal frequencies (at least twice as high or even ten
times higher), so that the signals are essentially con-
stant over the switching period.

[0041] The static regime is most useful when a known
high-frequency signal is applied to head 24, for example by
driver 38 (FIG. 1). The signal can comprise a chirp signal (a
frequency scan of unit amplitude), for example, or a linear
combination of narrowband signals. This multi-frequency
approach enables processor 28 to sample and characterize
the spectral content of the impedance matrix at multiple
frequencies. Switches 48 in impedance network 26 are held
in constant positions during each pass of the excitatory
signal and are modified between the passes.

[0042] 1In the dynamic regime, the low-frequency excita-
tion signal, due to sources within or external to head 24, is
modulated by switching the network of impedances at a
sufficiently high frequency so that it can be assumed that
within each switching period, the excitatory signal is close
to constant up to a required precision. When the excitatory
signal is itself a physiological signal, such as EEG waves,
measurement of the impedance matrix can be completely
passive: Excitation of electrodes 22 is provided by the
physiological signal, and the impedance matrix is derived by
switching of network 26 to alternately loading and releasing
the loads on electrodes 22. Since only the difference of the
measured voltage between different switch states, normal-
ized by the current, is needed to extract the impedance
matrix, processor 28 can derive the impedance matrix in this
regime independently of the excitation signal and of the
spatial distribution of the sources of the signal. Any noisy
neural activity can be utilized to extract the impedance
matrix in this manner. Alternatively or additionally, electri-
cal noise, due to power line interference, for example, may
be used in a similar fashion in this regime.

Methods of Operation

[0043] FIG. 3 is a flow chart that schematically illustrates
a method for processing electrophysiological signals, in
accordance with an embodiment of the invention. The
method is described here, for the sake of concreteness and
clarity, with reference to the components of system 20
(FIGS. 1 and 2). Alternatively, however, this method may be
applied, mutatis mutandis, in measuring local electrical
characteristics within other regions and organs of the body,
and using other sorts of switched impedance networks.

[0044] After electrodes 22 have been applied to head 24,
processor 28 sets the positions of switches 48 in network 26,
at a switching step 50, and then measures the output voltage
V o from one or more of the electrodes, at a measurement
step 52. This process of switching and measurement is
repeated until processor 28 has collected sufficient data, at a
measurement termination step 54. The number of cycles
required depends on whether system 20 is operating in the
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static or dynamic regime (as defined above) and on the levels
of precision and resolution that are required for the compu-
tation of the electrical characteristics of the brain.

[0045] Based on the measurements collected in the pre-
ceding steps, processor 28 computes the relevant gain matrix
or, equivalently, the impedance matrix, at a matrix compu-
tation step 56. For example, each of the elements of the
impedance matrix among electrodes 22 corresponds to the
respective impedance value between a pair of electrodes 22.
To compute these matrix elements, processor 28 may use
values of the output voltage that were measured by network
26 with one of the electrodes in the pair grounded and the
other connected to the output of the network through two
different impedances. The difference between the two mea-
sured values of output voltage, relative to the difference
between the impedances that were applied by network 26, is
indicative of the internal impedance between the electrodes
along a path through head 24. Each of the elements of the
impedance matrix may be calculated successively in this
manner. Alternatively, other switching and measurement
configurations may be used in order to computed multiple
impedance values concurrently.

[0046] To localize the impedance or gain values within
head 24, processor 28 maps electrodes 22 to their respective
three-dimensional (3D) coordinates on head 24, at a location
mapping step 58. These 3D coordinates may be measured
and recorded manually or using any suitable system of 3D
mapping that is known in the art. Processor 28 then asso-
ciates the impedance or gain values computed in step 56
with the coordinates assigned in step 58 in order to compute
the local electrical characteristics of 3D locations within the
head, at an electrical mapping step 60.

[0047] For example, for purposes of EIT, each element of
the impedance matrix that was computed at step 56 can be
associated with a corresponding line passing through head
24 in 3D space between the locations of the corresponding
electrodes. Once all of the impedance matrix elements have
been mapped in this fashion, processor 28 can apply a
tomographic algorithm, as is known in the art, in order to
derive the local impedance values at points within a plane
passing through the brain (in a similar fashion to the
computation of density in a CT image slice based on X-ray
absorption along lines passing through the slice). Processor
28 can then render the local impedance values graphically in
an EIT image, which is presented on display 32.

[0048] In another embodiment, processor 28 can use the
elements of the gain matrix between a source of electrical
signals in the brain and different electrodes 22 in finding the
location of the source in three dimensions. Sources that are
deeper in the brain, such as the source of signal V| at
location 34 (FIG. 1) will have longer electrical paths to
electrodes 22, with similar, high values of impedance over
groups of neighboring electrodes. On the other hand, the
source of signal V, at surface location 36 will have a low
value of impedance to one or two of electrodes 22 and higher
values to other electrodes. Processor 28 can thus estimate the
coordinates of both locations.

[0049] Additionally or alternatively, processor 28 may use
these estimated locations in filtering the electrophysiological
signals. For example, the processor may filter out undesired
signals, such as EMG artifacts, that are received from
surface locations in order to enhance the signal/noise ratio of
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deep cortical signals. Alternatively, the processor may spe-
cifically extract signals from the brain surface or from other
locations for further analysis.

Alternative Embodiments and Applications

[0050] FIG. 4 is a schematic pictorial illustration of a
system 70 used in insertion of a subdural strip 72 into the
skull of a patient, in accordance with an embodiment of the
invention. Processor 28 and details of network 26 are
omitted from this figure for the sake of simplicity. A surgeon
78 inserts strip 72 through a burr hole 74 in the skull. Strip
72 comprises an array of electrodes 76, which are able to
sense cortical electrical activity with greater precision than
is possible using scalp electrodes 22.

[0051] Strip 72 tends to be flexible, and surgeon 78 is
generally unable to see the part of the strip that is inside head
24. Furthermore, the strip may shift after insertion. Imaging
techniques, such as X-ray imaging or MRI, may be used to
visualize the location of the strip and verify proper place-
ment, but such imaging complicates the process and exposes
the patient to undesirable radiation.

[0052] The embodiment of FIG. 4 addresses this problem
using the signal processing techniques described above. For
this purpose, driver 38 (FIG. 1) applies a signal to one of
electrodes 76, which causes the electrode to generate a
time-varying electric field. The frequency and amplitude of
the signal are typically chosen so that the electric field does
not stimulate the brain tissue. Processor 28 receives electri-
cal signals from electrodes 22 while switching the imped-
ances applied by network 26 to the electrodes. Based on the
measured signals, processor 28 computes the values of the
gain matrix elements between electrodes 76 and 22, and is
thus able to derive the coordinates of strip 76 within head 24.

[0053] As another example, the techniques described
above may be used in detection of pulmonary edema, which
often occurs due to congestive heart failure. In pulmonary
edema, fluid accumulates in the air spaces of the lungs and
thus influences the conductivity of the lungs. A switched
impedance network can be used to measure the influence of
these conductivity changes on the propagation of ECG
signals from the heart through the body to electrodes on the
body surface. The measured impedance can be used in
constructing EIT images of the lungs, as well as detecting
locations of fluid build-up.

[0054] In another embodiment, a switched impedance
network can be used in electromyography (EMG), for evalu-
ating and recording the electrical activity produced by
skeletal muscles. Body-surface EMG measurements are
sensitive mainly to muscles that are close to the skin.
Intramuscular EMG measurement is more exact than body-
surface EMG, but it is typically performed as an invasive
procedure, resulting in pain and possible infection. In order
to detect intramuscular EMG non-invasively, a switched
impedance network can be used to distinguish deep EMG
sources from sources near the body surface, in a manner
similar to the EEG filtering technique described above.

[0055] It will be appreciated that the embodiments
described above are cited by way of example, and that the
present invention is not limited to what has been particularly
shown and described hereinabove. Rather, the scope of the
present invention includes both combinations and subcom-
binations of the various features described hereinabove, as
well as variations and modifications thereof which would
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occur to persons skilled in the art upon reading the foregoing
description and which are not disclosed in the prior art.

1. A diagnostic system, comprising:

an array of electrodes, which are configured to be coupled

to a body surface of a living subject at different,
respective positions in proximity to a region of interest
within the body;

a switched impedance network, which is configured to

apply varying loads to the electrodes; and

a processor, which is coupled to receive and measure

electrical signals from the electrodes as a function of
the varying loads, and to analyze the measured signals
so as to compute a local electrical characteristic of one
or more locations within the region of interest.

2. The system according to claim 1, wherein the switched
impedance network comprises a plurality of impedance
components interconnected by analog switches.

3. The system according to claim 2, wherein the imped-
ance components are selected from a group of components
consisting of resistors and capacitors.

4. The system according to claim 1, wherein the elec-
trodes are configured to sense an electrical activity in the
body having a maximal frequency, and the processor is
configured to receive and measure the electrical signals due
to the sensed electrical activity while varying the loads
applied by the switched impedance network at a rate greater
than twice the maximal frequency.

5. The system according to claim 4, wherein the rate of
varying the loads applied by the switched impedance net-
work is at least ten times the maximal frequency.

6. The system according to 4, wherein the region of
interest is a head of the subject, and wherein the electrodes
are configured to sense an electroencephalogram (EEG) of
the subject.

7. The system according to claim 1, and comprising a field
generator, which is configured to generate a time-varying
electric field within the region of interest, and wherein the
processor is configured to measure the electrical signals
output from the electrodes in response to the time-varying
electric field.

8. The system according to claim 7, wherein the field
generator comprises a driver, which is coupled to drive an
electrode coupled to the body of the subject to generate the
time-varying electric field.

9. The system according to claim 7, wherein the field
generator is incorporated in an implantable device.

10. The system according to claim 9, wherein the pro-
cessor is configured to localize the implantable device
within the body by analyzing the measured signals.

11. The system according to claim 1, wherein the proces-
sor is configured to analyze the measured signals so as to
identify a location of a source of a signal within the region
of interest.

12. The system according to claim 1, wherein the pro-
cessor is configured to analyze the measured signals so as to
estimate local electrical impedances of one or more loca-
tions within the region of interest.

13. The system according to claim 12, wherein the pro-
cessor is configured to estimate the local electrical imped-
ances by find a matrix of the impedances between the
electrodes in the array, and associating the matrix of the
impedances with the respective positions of the electrodes in
order to find the local electrical impedances of the one or
more locations.
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14. The system according to claim 13, wherein the pro-
cessor is configured to generate and output an electrical
impedance tomogram incorporating the local electrical
impedances.
15. A diagnostic method, comprising:
coupling an array of electrodes to a body surface of a
living subject at different, respective positions in prox-
imity to a region of interest within the body;

applying varying loads to the electrodes using a switched
impedance network connected to the electrodes;

receiving and measuring electrical signals from the elec-
trodes as a function of the varying loads; and

analyzing the measured signals so as to compute a local
electrical characteristic of one or more locations within
the region of interest.

16. The method according to claim 15, wherein the
switched impedance network comprises a plurality of
impedance components interconnected by analog switches.

17. The method according to claim 16, wherein the
impedance components are selected from a group of com-
ponents consisting of resistors and capacitors.

18. The method according to claim 15, wherein the
electrodes are configured to sense an electrical activity in the
body having a maximal frequency, and wherein receiving
and measuring the electrical signals comprises receiving the
electrical signals due to the sensed electrical activity while
varying the loads applied by the switched impedance net-
work at a rate greater than twice the maximal frequency.

19. The method according to claim 18, wherein the rate of
varying the loads applied by the switched impedance net-
work is at least ten times the maximal frequency.

20. The method according to 18, wherein the region of
interest is a head of the subject, and wherein the electrodes
are configured to sense an electroencephalogram (EEG) of
the subject.
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21. The method according to claim 15, and comprising
generating a time-varying electric field within the region of
interest, and wherein receiving and measuring the electrical
signals comprises measuring the electrical signals output
from the electrodes in response to the time-varying electric
field.

22. The method according to claim 21, wherein generat-
ing the time-varying electric field comprises driving an
electrode coupled to the body of the subject to generate the
time-varying electric field.

23. The method according to claim 21, wherein the
time-varying electric field is generated by an implantable
device.

24. The method according to claim 21, wherein analyzing
the measured signals comprises localizing the implantable
device within the body by analyzing the measured signals.

25. The method according to claim 15, wherein analyzing
the measured signals comprises so identifying a location of
a source of a signal within the region of interest.

26. The method according to claim 15, wherein analyzing
the measured signals comprises estimating local electrical
impedances of one or more locations within the region of
interest.

27. The method according to claim 26, wherein estimating
the local electrical impedances comprises finding a matrix of
the impedances between the electrodes in the array, and
associating the matrix of the impedances with the respective
positions of the electrodes in order to find the local electrical
impedances of the one or more locations.

28. The method according to claim 27, and comprising
generating and outputting an electrical impedance tomo-
gram incorporating the local electrical impedances.
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