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being at locations normally used for attaching single-lead electrodes with a single sensor
point. The electrode (40) has at least three sensors arranged to define two linearly inde-
pendent directions, which allows sensing corresponding electrical potential differences in
the two directions. Signals representing sensed potential differences can be transmitted
wirelessly or via conductors to a processing apparatus for being transformed into elec-
trical potentials that approximate tradiiaonal potentials obtained with wired single-sensor
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An electrode and a method for determining electrical biopotentials

Field of the invention

The invention relates to sensing of electric surface potentials by means of
electrodes attached to the skin of an animal or human being. Such uses
include in particular electrocardiography (ECG), electroencephalography
(EEG) and electromyography (EMG).

Background

When measuring ECG, EEG and EMG a plurality of electrodes, which each
have a sensor, is attached to the skin of an animal or human patient, where
each electrode senses the electrical potential at a relatively small area -
typically a few mm in diameter - on the skin immediately below the sensor.
Usually an electrically conductive contact medium is used between the
sensor and the skin. The sensed electrical potentials are transmitted through
individual conductors to an apparatus, which measures, registers and/or
evaluates the sensed potentials, e.g. by determining differences between
electrical potentials at the electrodes and linear combinations thereof. Such

systems have long been used for monitoring and diagnostic purposes.

US 4583 549 and others disclose an ECG electrode pad comprising a
flexible sheet with a plurality of ECG electrodes positioned thereon to
correspond with the anatomically correct placement for precordial ECG
electrodes.

US 5724 984 discloses an electrode with a central sensor segment and
several peripheral sensor segments arranged symmetrically around the

central sensor segment.
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US 6577893 discloses an integrated wireless medical diagnosis and
monitoring equipment with two or more electrodes and a wireless transmitter

for transmitting sensed electrode signals.

ECG signals originate from the coordinated activation and contraction of the
heart muscles resulting in blood circulation through the body. The ECG signal
starts at the SA node and initiates the contraction of the atrial myocardium
resulting in the P wave, which travels down the centre line of the heart. The
AV node and the bundle of His are activated, whereby the activation of the
ventricles is initiated. First the septum (the muscle that separates the two
ventricles) is activated, which results in the Q wave as the signal is travelling
down the centre line of the heart. Then the free outer walls of the ventricles
are activated, which results in the R and S waves. There the activation
travels from the apex of the heart up the centre line, and completes the QRS
complex. The T wave originates from the re-polarisation of the outer walls of
the ventricles, actually travelling from the apex upright the centre line, but
with inverted signal polarity, resulting in what appears to be a downward
movement towards the apex. Finally, a small U wave can be found which
originates from a late activation of the ventricles. The shape of the recorded
ECG signal depends on the location of the electrodes and the polarity of the

recording.

The ECG signal originates from measuring the difference in the biopotential
between different sites on the body. There are several different standards for
recording/forming the ECG signal, which will not be discussed here. In the
following the 3 standard leads or limb leads (1, I, lll) forming the Einthoven's
triangle [10] are taken as an illustrative example. Traditionally, the electrode
placements of the limb leads are on the right arm (RA), left arm (LA) and left
leg (LL). In several clinical applications the limb electrodes are placed on the

torso near the extremities without loss of information [5], [8].
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The potential recorded between the three electrodes is defined as:

|=VRA“VLA

i =VRA—V|_|_

= VLA - V|_|_

where Vxx is the potential recorded under electrode XX (eq. 1).

Besides the primary standard limb leads the unipolar limb leads, also called
augmented leads, can be calculated from the same three potential recordings
as the standard and unipolar limb lead forms a vector system constructed of

6 vectors.

aVR = Vga - (VLA + VLL)/2

aVL =Via - (Vra + V)2

aVF = V|| - (Vra + Via)/2

ECG signals are recorded as the difference between two potentials at two
different sites on the body. The voltage difference is measured relative to a
reference point, which is taken as a "zero potential" on the body. This means
that the signal is always in relation to a single common point on the body.
This reference point can be a single site/electrode placed on a site of the
body that is minimally influenced by the body potential of interest, or the
reference can be one or several potentials/electrodes. This dependency on a
reference point(s) limits the possibilities of transmitting the signal of a single

electrode over a non-reference transmission line, e.g. wirelessly. Normally
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this would only be possible if a relation between at least two electrodes can

be made, e.g. with a pair of wires connecting two electrodes to a transmitter.

Traditionally, each sensor has its own conductor that connects the sensor to
the measuring and/or evaluating apparatus. With several electrodes and a
corresponding number of individual conductors there is a risk of confusing
the conductors and of connecting sensors to wrong inputs of the apparatus.
A patient with a set of such electrodes attached has his/her mobility restricted
by the length of the conductors. In equipment powered by AC mains power
supply the electrodes must be extremely well isolated from the AC mains

power supply in order to ensure patient safety.

In systems for telemetric monitoring of patients a set of electrodes are
attached to the patient, where each electrode is connected via a conductor to
a common transmitter carried by the patient. Such systems also have

conductors that restrict the freedom and the mobility of the patient.

There is a need for a disposable electrode and a system that allows wireless
transmission of signals representing sensed potentials from each electrode.
There is also a need for more detailed information on the electrical
biopotential underneath the electrode, such as the direction of propagation of

the biopotential.

Summary of the invention

The invention offers a solution to this problem. The disposal electrode of the
invention is suitable for being attached to the skin of an animal or human
being at locations normally used for attaching single-lead electrodes with a
single sensor point. The at least three sensors or sensing points on each
electrode are arranged to define two linearly independent directions, which
allows sensing corresponding electrical potential differences in the two

directions. Signals representing sensed potential differences can be
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transmitted wirelessly or via conductors to a processing apparatus for being
transformed into electrical potentials that approximate traditional potentials
obtained with wired single-sensor electrodes. Methods for the transformation

are disclosed.

With the method of the invention the electrical potential at the location of
each electrode relative to the electrical potential at a reference position is
determined or estimated based on the sensed potential differences between
respective pairs of sensors of the electrodes. The electrical potentials can be
determined as numerical values corresponding e.g. to the traditional ECG
measurements with single-lead electrodes with a single sensor point, or the
electrical potentials can be determined as vector values having two
coordinates that define size (a numerical value) and direction, e.g. the

direction of propagation of the sensed signal.

In one dimension the body potential can be regarded as a.propagating signal,
which will pass under the electrodes at a given speed of propagation. Even
though the action potentials originating from the heart muscle activity are
placed "far” from the electrodes, the signal will propagate under the electrode

due to the volume conductivity of the rest of the body.

When the two electrodes are placed close together they will both sense the
same wave, and the resulting differential between the two electrodes will be
small, and a gradient in the direction of the centre line can be measured,
when the distance between the electrodes is known. Hereby a differentiation,

in space and time, can be made of the passing body potential.

If the distance between the electrodes is large so that the entire potential
wave can fit between the two electrodes, the recording would not function as

a differential but as a full potential recording of under the electrode.
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Using two electrodes as above works for the one-dimensional space, where
the two electrodes can be placed in such a way that the centre line of the
electrodes is parallel to the direction in which the potential wave is moving. If
the potential wave moves in a direction different form that of the centre line, a
smaller potential difference will be measured, and if the potential wave
moves perpendicular to the centre line of the two electrodes, the electrodes
will sense substantially the same signal, and the recorded difference between
the two electrodes will be (almost) zero. Therefore the orientation of two

electrodes is essential for the resulting recorded amplitude.

The invention provides an electrode with at least three sensors arranged so
that lines through the centres of respective pairs of sensors define at least
two linearly independent, i.e. different, directions, which preferably are
perpendicular to each other. Measurements are taken using two pairs of
sensors to obtain two corresponding potential differences representing vector
coordinates of a two-dimensional vector corresponding to the two-

dimensional gradient at any instant in time.

Brief description of the drawings
Figure 1 shows an electrode with three sensors and a button-type connection

to the individual sensors,

Figure 2 shows an electrode like that in figure 1 but with four sensors,

Figure 3 shows an electrode like that in figure 4 with four sensors and a

conductor strip for use as an antenna,

Figure 4 shows an electrode with three sensors and an edge connection to
the individual sensors, with the edge connector connectable to a wireless

transmitter,



10

15

20

25

30

WO 2006/136155 PCT/DK2005/000420

Figure 5 shows the electrode connected to the transmitter in figure 4,

Figure 6 shows an electrode with four sensors and a conductor strip for use

as an antenna, and connected to a wireless transmitter,

Figure 7 shows a system with a plurality of electrodes connected to individual
wireless transmitters and a receiver receiving signals transmitted from the

transmitters, and

Figure 8 illustrates the measuring principle of the invention.

Detailed description of the invention

In figure 1 is shown a first electrode 10 with a carrier sheet 11 and three
sensors 12, 13, 14 on one side of the carrier sheet, which is preferably of a
flexible material. The sheet 11 has an L-shaped contour. The three sensors
have a size of a few mm in diameter, and they can be of any suitable type
such as Ag/AgCl. The electrode has a suitable adhesive for attaching the
electrode to the skin of an animal or human being, and an electrically
conductive medium such as a gel at each of the sensors for creating
electrical contact between the sensors and the skin. A straight line between
the centres of the sensors 12 and 13 is perpendicular to a straight line
between the centres of the sensors 13 and 14. The two sensors 12 and 13
can be used as one pair of sensors, and the two sensors 13 and 14 can be
used as another pair of sensors, where the sensor 13 is common to both
pairs. Conductors can be connected to each of the sensors in any suitable

manner such as the snap type.

In figure 2 is shown a second electrode 20 of similar construction with a
carrier sheet 21 and four sensors 22, 23, 24 and 25. The sheet 21 has a
cruciform contour. A straight line between the centres of the sensors 22 and

24 is perpendicular to a straight line between the centres of the sensors 23



10

15

20

25

30

WO 2006/136155 PCT/DK2005/000420

and 25. The two sensors 22 and 24 can be used as one pair of sensors, and
the two sensors 23 and 25 can be used as another pair of sensors, so that

none of the sensors is common to both pairs.

In figure 3 is -shown a third electrode 30 of similar construction as the
electrode 20 and has a carrier sheet 31 and four sensors 32, 33, 34 and 35
on the carrier sheet. The carrier sheet 31 has a circular contour. In addition
the electrode 30 has an electrically conducting strip 36 applied to the sheet
and a terminal 37 for connecting the strip 36 to external equipment for
receiving signals from the external equipment to be wirelessly transmitted by
the electrically conducting strip, which then acts as a transmitting antenna, as
will be .explained further below. The antenna 36 and its connector 37 are
insulated such as not to come into electrical contact with the patient's skin,
when the electrode is attached to a patient. The antenna can have any other

suitable form than the one shown.

In figure 4 is shown an electrode 40 of similar construction to that of the
electrode 10 in figure 1. The carrier sheet 41 of the electrode 40 has a
tongue 42 extending from an edge of the sheet. Electrical conductor strips on
the sheet extend from each of the sensors to the tongue, where at least an
end portion of each conductor is exposed, so that electrical contact can be

obtained to each of the sensors.

In figure 4 is also shown a wireless transmitter 50 with an opening in the form
of a slit 51 for receiving the tongue 42 of the electrode 40. The transmitter 50
has contacts (not shown but known as such) for establishing electrical

contact with the corresponding contacts on the tongue 42 of the electrode 40.

Figure 5 is a side view of the transmitter 50 with the tongue 42 inserted in the
slit, and the electrode 40 is folded to lie close to a side face of the transmitter,

where it is preferably secured by means of an adhesive. The exposed side of
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the electrode has an adhesive or other suitable means for detachably
attaching the electrode to the skin of a patient with the sensors in electrical
contact with the skin. In the shown configuration the electrode 40 and the

transmitter 50 are thus suited for being attached to the skin of the patient.

In figure 6 is shown an electrode 60 of similar construction to that of the
electrode 40 in figure 4. However, the sheet has a further conductor strip 61
extending along the periphery of the sheet and connected to the transmitter
50, so that the conductor strip 61 is a transmitting antenna that can receive
electrical signals from the transmitter 50 to be wirelessly transmitted by the

conductor strip 61 acting as an antenna.

In the embodiments in figures 4 and 6 the electrical conductor strips on the
carrier including the antenna conductor strip 61 are insulated so as not to
come into electrical contact with the patient's skin, when the electrodes are

attached to the skin of a patient.

In figure 7 is shown a system with a plurality of electrodes connected to
individual wireless transmitters 50 and a wireless receiver 70 receiving
signals transmitted from the transmitters. The electrodes and transmitters
can be attached to the skin of a patient at predetermined locations. The
transmitters transmit signals representing the sensed potentials, and the

receiver 70 receives the signals transmitted from all the transmitters.

The skilled person such as a physician or a medical assistant, who attaches
e.g. traditional ECG electrodes with a single sensor to a patient, will attach
the electrodes at predetermined locations identified in relation to the patient's
anatomy. These locations are determined with an accuracy that allows
comparison of repeated measurements performed on the same patient and
of measurements taken on different patients. Repeated measurements on

the same patient can e.g. be performed with short or long intervals between
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them and possibly also by a different staff. Measurements taken on different
patients are used e.g. for statistical purposes. In order to ensure a high
diagnostic value it is important that the electrodes are attached at the
predetermined locations with a high accuracy every time, i.e. within
prescribed limits identified in relation to the patient's anatomy and with usual

skilled human accuracy.

The electrodes of the invention therefore have a size small enough so that
the sensors are all within an area that can be covered by an electrode with a
single sensor, which is normally used for sensing the electrical potentials on
patients. The electrodes have a size that allows a plurality of the electrodes
to be attached to the skin of a patient at respective locations normally used
for sensing the electrical potentials, without any of the electrodes overlapping
each other. In practice this means that the sensors are all within the
periphery of a circle with a diameter of 70 mm or less. In figures 1, 2, 4 and 6
such a circle is indicated by a dashed circle, and the circular electrode in

figure 3 is also within the periphery of such a circle.

Function of the invention

In each of the locations traditionally chosen by the operator of ECG
equipment for attaching an electrode with a single sensor the operator
attaches an electrode of the invention with a wireless transmitter 50
connected thereto. This is illustrated in figure 8, where one location is chosen
as a reference location R. Figure 8 also shows a first location A in which the
electrical potentials are to be determined with reference to the reference
location R. Usually, electrodes will be attached at several further locations, in
which the electrical potentials are to be determined with reference to the
reference location R, but for simplicity only one such location A is shown in
figure 8.
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In a first embodiment of the invention the following is performed at the first
location A:

an electrical potential (VA,) is sensed in a first reference position,

an electrical potential (VAgix) is sensed in a position in a first direction from
the first reference position,

a first electrical potential difference (VAgx) - (VA;) between the electrical
potential (VAgirx) in the position in the first direction from the first reference
position and the electrical potential (VA;) in the first reference position is
determined,

signals representing the first electrical potential difference are transmitted,

an electrical potential (VAgyy) is sensed in a position in a second direction
from the first reference position,

a second electrical potential difference (VAgirv) - (VA;) between the electrical
potential (VAqirv) in the second direction from the first reference position and
the electrical potential (VA,) in the first reference position is determined, and
signals representing the second electrical potential difference are

transmitted.

At each of the further locations and at the reference location R corresponding
operations are performed. The receiver receives the transmitted signals, and
the electrical potential of the first location (A) relative to the reference location
(R) is determined as the difference between a size of a first vector defined by
the first and second electrical potential differences and a size of a reference

vector defined by the third and fourth electrical potential differences.

In another embodiment of the invention the following is performed at the first
location A:

an electrical potential (VA;) is sensed in a first reference position,

an electrical potential (VAgirx) is sensed in a position in the X-direction from

the first reference position,
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a first electrical potential difference (VAgirx) - (VA:) is determined between the
electrical potential (VAgix) in the X-direction from the first reference position
and the electrical potential (VA,) in the first reference position,

signals representing the first electrical potential difference are transmitted,

an electrical potential (VAgiry) is sensed in a position in the Y-direction from
the first reference position,

a second electrical potential difference (VAgiry) - (VA,) is determined between
the electrical potential (VAgiry) in the Y-direction from the first reference
position and the electrical potential (VA,) in the first reference position,
signals representing the second electrical potential difference are

transmitted.

At each of the further locations and at the reference location R corresponding
operations are performed. The receiver receives the transmitted signals, and
the electrical potential of the first location (A) relative to the reference location
(R) is determined as the sum of a first difference between the first electrical
potential difference and the third electrical potential difference and a second
difference between the second electrical potential difference and the fourth

electrical potential difference.

In the preferred embodiment wireless transmission is preferred, but wired

transmission through electrical conductors is also usable.

Figure 8 illustrates the basic concept of the invention of monitoring the
biopotential as a differentiating between two electrodes spaced a known
distance, Dx and Dy respectively, apart. This is done in two linearly
independent directions X, Y preferably perpendicular to each other.
Electrodes of the invention are attached to a first location A and at a
reference location R, respectively. At the first location A the potential

difference at each pair of sensors is measured as the electrical potential
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difference between the local reference electrode (V.) and each of the

directional electrodes (VAgix or VAgry) giving:
VAx = VAgirx - VA
VA, = VAdey - VA

When the two linearly independent directions defined by lines through the
centres of respective pairs of sensors are perpendicular to each other the

length or size of the signal in two dimensions can be calculated as:

a2 2
V;}‘gnal - VAdi/:\' + VA(II'J'Y

which is proportional to the total size of the signal passing under the
electrode. Not only the size of the total signal can be use in identifying the
physiological function, but also the direction from where the signal originated

can be determined in relation to the location of the electrode, e.g. if the

signal is travelling to or away from the electrode and in which direction.

The resulting total size of the signal, e.g. the length of the sum of the two
directional vectors has no information about the direction of the travelling
signal. When calculating the resulting ECG leads from each of the three limb
positions the result will simulate an absolute value of the traditional ECG lead
(I, 11, 1. For the determination of the size of the signal, i.e. without
determining the direction of travel of the signal, the orientation of the

electrodes of the invention need not be known.

For the determination of the direction of travel of the signal, the orientation of

the electrodes of the invention must be known. The electrode 40 in figure 4 is
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particularly suited for this and the electrode should be placed with its tongue

42 extending in a predetermined direction, e.g. up or down.

The electrodes of the invention are placed like traditional ECG electrodes in
standardised locations on the skin of a patient. The electrodes record the
signals in the x and y directions and transmit the two signals as a difference
signal between the common reference point and the recording electrode to a
monitor connected to the receiver. This results in a locally referenced signal
that can be transmitted wirelessly using conventional RF technology or digital
transmitting technology (e.g. Bluetooth, Zigbee, WIFI, WLAN, etc.) or other
suitable wireless transmission means. This results in 2 signals for each
electrode, hence 6 signals from 3 electrodes to perform a normal 3 lead ECG
deviation. When the signals have been transmitted the signals can be

transformed into the traditional ECG lead.

Two basic methods of transforming the sensed potential differences into
traditional ECG leads (e.g. |, II, lll, aVR, aVL, aVF) are contemplated:

1. Limb leads based on the length of the each derivative.

A method based on raw signal lengths:

e'g' I = \/T/A(:I%iw\’ + I/“451'1')’ - '\/}/‘Rjir,\' + VR(?;’:‘Y

A method based on time-integrated signal lengths:

e.g. I= \/ ( | I/Ad,,,\,)z + ( f ffAd,.,_Yf - \/ ( f VRd,.,,X)Z + ( | VRd,,.Y)2

2. Limb leads based on the directional size of the derivatives.
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A method based on same orientation/direction of the electrodes:

eg. [= (VAdir,\' — VR )+ (VA(IirY _ VRJ:’:'Y)
gain
5 A method based on integration of the electrode directional size:

(jVAdir.\’ - J.VRdir;‘( )‘*‘ (J.V Ay = JV Rdir)’)

gain

eg. I=

A method based on mean filtering of the directional size:
10

(mgtmz(VAd,,X ) - mg‘an(VR it )) + (mé'(m(VAdW ) - mé(an(VR et ))

eg. /= -
gain

Corresponding calculations can be made to obtain each of the other ECG
leads |I, lll, aVR, aVL and aVF. Each of the calculation methods was
15 evaluated by comparing the resulting ECG signal with the simultaneously
recorded "real" ECG derivatives. The gain in the above formulas can be set

to unity (1).

For comparison of the similarity of the limb leads obtained with the method of
20  the invention to the traditional limb leads the correlations coefficients (rxy) of

simultaneous recordings were calculated.

Cross-correlation function:

A »
RXY (l‘l:tz):E{A (tl)Y(tz)}
25

Cross-covariance function:
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s
Coy (61,8)= Ry (1,85 — (¢ )y (25)

Correlation coefficient:

ot Ca(t)
e \/C.\J\’(ZI9ZZ)CYY(t1’r2)

The correlation coefficient can be used to evaluate the similarity between two

linear dependent signals. Generally speaking the correlation coefficient will

be equal to 1 when the signals are identical, and -1 when the signals are

inverted relative to each other. The correlation coefficient be thus could used

as a measure of similarity.
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Claims:

1. A disposable electrode for sensing electrical potentials on the skin of an

animal or human being, the electrode comprising

a carrier,

at least three sensors catried by the carrier and arranged so that lines
through centres of respective pairs of sensors define at least two linearly
independent directions,

means for detachably attaching the electrode to the skin of an animal or
human being with the sensors in electrical contact with the skin,
connections to external equipment for transmitting respective sensed

electrical potentials from the sensors to the external equipment,

wherein

the sensors are all within an area that can be covered by an electrode
with a single sensor normally used for sensing the electrical potentials on

animals and human beings.

2. A disposable electrode for sensing electrical potentials on the skin of an

animal or human being, the electrode comprising

a carrier,

at least three sensors carried by the carrier and arranged so that lines
through centres of respective pairs of sensors define at least two linearly
independent directions,

means for detachably attaching the electrode to the skin of an animal or
human being with the sensors in electrical contact with the skin,
connections to external equipment for transmitting sensed electrical

potentials from the sensors to the external equipment,

wherein

the electrode has a size that allows a plurality of the electrodes to be

attached to the skin of a patient at respective locations normally used for
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sensing the electrical potentials, without any of the electrodes

overlapping each other.

3. A disposable electrode for sensing electrical potentials on the skin of an

animal or human being, the electrode comprising

e a carrier,

o at least three sensors carried by the carrier and arranged so that lines
through centres of respective pairs of sensors define at least two linearly
independent directions,

e means for detachably attaching the electrode to the skin of an animal or
human being with the sensors in electrical contact with the skin,

e connections to external equipment for transmitting respective sensed
electrical potentials from the sensors to the external equipment,

wherein

e the sensors are all located within the periphery of a circle with a diameter

of 70 mm or less.

4. An electrode according to any one of claims 1-3 wherein the at least two

linearly independent directions are perpendicular to each other.

5. An electrode according to any one of claims 1-4 further comprising an
electrically conducting portion with a connection to the external equipment for
receiving signals from the external equipment to be wirelessly transmitted by

the electrically conducting portion.

6. An electrode according to any one of claims 1-5 having a visual indication

of a predetermined orientation of the electrode.

7. A set of electrodes according to any one of claims 1-6, where the number
of electrodes equals a predetermined number of locations on an animal or

human body for sensing electrical potentials.
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8. A system for sensing electrical potentials at predetermined locations on
the skin of an animal or human being, the system comprising a set of
electrodes according to claim 7 and a number of wireless transmitters equal
to the number of electrodes, where each transmitter is adapted to receive
sensed electrical potentials from the sensors and to transmit signals

corresponding to the sensed electrical potentials.

9. A method for sensing electrical potentials at predetermined locations on

the skin of an animal or human being, the method comprising

e arranging, in each of the predetermined locations, an electrode according
to any one of claims 1-6,

e connecting to each of the electrodes a wireless transmitter adapted to
receive sensed electrical potentials from the sensors and to transmit
signals representing the sensed electrical potentials, and

e receiving from each transmitter the signals transmitted therefrom.

10. A method of determining the electrical potential of a first location (A)

relative to a reference location (R) on the skin of an animal or human being,

the method comprising the steps of

e attaching, to each of the first location (A) and the reference location (R)
an electrode with at least three sensors arranged so that lines through
centres of respective pairs of sensors define two linearly independent
directions,

o sensing, with each of the sensors on each electrode, an electrical
potential on the skin,

e transmitting signals representing at least two differences between pairs of
potentials sensed with corresponding pairs of sensors on each electrode,

e receiving the transmitted signals, and

. determihing the electrical signals at the predetermined location based on

the received signals.
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11. A method according to claim 10 further comprising determining
parameters representing the instantaneous amplitude of a bioelectrical field

in the animal or human being.

12. A method according to claim 10 further comprising determining
parameters representing the instantaneous polarity of a bioelectrical field in

the animal or human being.

13. A method according to claim 10 further comprising determining
parameters representing the instantaneous direction of propagation of a

bioelectrical field in the animal or human being.

14. A method of determining the electrical potential at a first location (A)
relative to a reference location (R) on the skin of an animal or human being,
the method comprising

e attaching to each of the first and reference locations an electrode with

e a carrier,

o at least three sensors carried by the carrier and arranged so that lines
through centres of respective pairs of sensors define two linearly
independent directions (X, Y), and where the sensors are all within an
area that can be covered by an electrode with a single sensor normally
used for sensing the electrical potentials at the first and reference
locations,

e means for detachably attaching the electrode to the skin of an animal or

human being with the sensors in electrical contact with the skin,

¢ at the first location (A):
e sensing an electrical potential (VA) in a first reference position,
e sensing an electrical potential (VAdirx) in @ position in a first direction

from the first reference position,
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e determining a first electrical potential difference (VAqirx) - (VAr) between
the electrical potential (VAgix) in the position in the first direction from
the first reference position and the electrical potential (VA,) in the first
reference position,

e transmitting signals representing the first electrical potential difference,

e sensing an electrical potential (VAdirv) in @ position in a second direction
from the first reference position,

e determining a second electrical potential difference (VAgiry) - (VA
between the electrical potential (VAgiy) in the second direction from
the first reference position and the electrical potential (VA;) in the first
reference position,

e transmitting signals representing the second electrical potential

difference;

at the reference location (R):

e sensing an electrical potential (VR;) in a second reference position,

e sensing an electrical potential (VRgix) in a position in a third direction
from the second reference position,

e determining a third electrical potential difference (VRuix) - (VR))
between the electrical potential (VRgix) in the third direction from the
second reference position and the electrical potential (VR,) in the
second reference position,

e transmitting signals representing the third electrical potential difference,

e sensing an electrical potential (VRgirv) in a position in a fourth direction
from the second reference position,

e determining a fourth electrical potential difference (VRairy) - (VR:)
between the electrical potential (VR4iry) in the fourth direction from the
second reference position and the electrical potential (VR;) in the

second reference position, and
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e transmitting signals representing the fourth electrical potential

difference,

ereceiving the transmitted signals, and
edetermining the electrical potential of the first location (A) relative to the
reference location (R) as the difference between
ea size of a first vector defined by the first and second electrical potential
differences and
ea size of a reference vector defined by the third and fourth electrical

potential differences.

15. A method according to claim 14 wherein the signals are transmitted

wirelessly.

16. A method according to claim 14 wherein the signals are transmitted via

electrical conductors.

17. A method according to claim 14 wherein the size of the first vector is
determined as the size of the instantaneous first and second electrical
potential differences and the size of the reference vector is determined as the

size of the instantaneous third and fourth electrical potential differences.

18. A method according fo claim 14 wherein the size of the first vector is
determined as the size of the integrated first and second electrical potential
differences and the size of the reference vector is determined as the size of

the integrated third and fourth electrical potential differences.

19. A method of determining the electrical potential at a first location (A)
relative to a reference location (R) on the skin of an animal or human being,
the method comprising

e attaching to each of the first and reference locations an electrode with
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a carrier,

at least three sensors carried by the carrier and arranged so that lines
through centres of respective pairs of sensors define two linearly
independent directions (X, Y), and where the sensors are all within an
area that can be covered by an electrode with a single sensor normally
used for sensing the electrical potentials at the first and reference
locations,

means for detachably attaching the electrode to the skin of an animal or
human being with the sensors in electrical contact with the skin,

so that the two linearly independent directions (X, Y) defined at the first
location (A) are substantially the same as the two linearly independent

directions (X, Y) defined at the reference location (R);

at the first location (A):

e sensing an electrical potential (VA,) in a first reference position,

e sensing an electrical potential (VAgrx) in a position in the X-direction
from the first reference position,

e determining a first electrical potential difference (VAgix) - (VA;) between
the electrical potential (VAgirx) in the X-direction from the first
reference position and the electrical potential (VA;) in the first
reference position,

e transmitting signals representing the first electrical potential difference,

* sensing an electrical potential (VAgiry) in a position in the Y-direction
from the first reference position,

e determining a second electrical potential difference (VAgiry) - (VA/)
between the electrical potential (VAgiry) in the Y-direction from the first
reference position and the electrical potential (VA;) in the first
reference position,

e transmitting signals representing the second electrical potential

difference;
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at the reference location (R):

¢ sensing an electrical potential (VR;) in a second reference position,

e sensing an electrical potential (VRgix) in a position in the X-direction
from the second reference position,

e determining a third electrical potential difference (VRgix) - (VR))
between the electrical potential (VRgix) in the X-direction from the
second reference position and the electrical potential (VR;) in the
second reference position,

e transmitting signals representing the third electrical potential difference,

e sensing an electrical potential (VRgiry) in a position in the Y-direction
from the second reference position,

e determining a fourth electrical potential difference (VRgry) - (VR))
between the electrical potential (VRgiv) in the Y-direction from the
second reference position and the electrical potential (VR;) in the
second reference position, and

e transmitting signals representing the fourth electrical potential

difference,

receiving the transmitted signals,

determining the electrical potential of the first location (A) relative to the

reference location (R) as the sum of

¢ a first difference between the first electrical potential difference and the
third electrical potential difference and

e a second difference between the second electrical potential difference

and the fourth electrical potential difference.

20. A method according to claim 19 wherein the signals are transmitted

wirelessly.
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21. A method according to claim 19 wherein the signals are transmitted via

electrical conductors.

22. A method according to claim 19 wherein the first difference is determined
as the difference between the instantaneous first and third electrical potential
differences and the second is determined as the difference between the

instantaneous second and fourth electrical potential differences.

23. A method according to claim 19 wherein the first difference is determined
as the difference between the integrated first and third electrical potential
differences and the second is determined as the difference between the

integrated second and fourth electrical potential differences.

24. A method according to claim 19 wherein the first difference is determined
as the difference between mean values of the first and third electrical
potential differences and the second is determined as the difference between

mean values of the second and fourth electrical potential differences.
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