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(57) Abstract: Method for Controlling Electrodes for Bio-impedance Meas-
urements and Apparatus for Bio-impedance Measurements There is provided
a control circuit for electrodes in a bio-impedance measurement system, the
bio-impedance measurement system comprising screening current injecting
electrodes and measuring current injecting electrodes, the control circuit
comprising: a current generator for connection to at least one screening cur-
rent injecting electrode; and an measuring signal output configured to estab -
lish a measuring potential between the measuring current injecting elec-
trodes, wherein the control circuit is configured such that the measuring po-
tential is dependent on a measure of a potential difference resulting from the
screening current. The control circuit uses the value of the potential resulting
from the screening current to determine the potential difference between the
measuring current injecting electrodes. In this way the flow of measuring
current can be made smaller than the screening current and necessarily at a
safe level.
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Method for Controlling Electrodes for Bio-impedance Measurements
and Apparatus for Bio-impedance Measurements

Field of the Invention

The present invention relates to a method for controlling electrodes in a bio-impedance
measurement apparatus and a control circuit for electrodes in a bio-impedance
measurement apparatus. In particular, the invention relates to a method and control
circuit that allows for a plurality of different bio-impedance measurement methods to be
used by simply changing the configuration of the connection of the electrodes.

Background to the Invention

Bio-impedance measurement techniques are known in the art. Bio-impedance
measurement consists of passing a known current through tissues and measuring the
resulting potential difference. Bio-impedance measurements can be used to determine
a variety of properties of the tissue under investigation, for example for determining the
structure of bone tissue.

To obtain accurate and useful results, it is essential to measure the potentials
appearing across the tissues under investigation and not the potential across the
tissues which surround the investigated ones, and to ensure that as much as possible
of the measuring current flows through the investigated tissue. To achieve this, in the
most frequently used configuration, separate electrodes are used to inject measuring
current and to measure the resulting potential difference. This method is known as the
four-electrode method and it eliminates the influence of contact resistances of

measurement electrodes.

When parasitic current flows through tissues which are not under investigation it can
create significant problems, resulting in loss of accuracy and reliability of the output
measurements. A method of applying a dynamically generated, additional screening
potential to the tissues has been proposed, which can greatly reduce undesired current
flows. Such a method, using 6 to 8 electrodes, is described in international patent
application No. PCT/PL2011/000014, entitled “Method and Apparatus for Non-invasive
Analysing the Structure and Chemical Composition of Bone Tissue Eliminating the

Influence of Surrounding Tissues.” The purpose of the electronic circuit controlling the
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electrodes is to generate a measuring current that is both adequate and safe, to
measure the resulting potential, and — in the case when a dynamic screening potential
is applied — to generate an additional screening potential. As the number of
measurement electrodes grows, the complexity level of the control circuit, and the
number of pins in the connector between the control circuit and the electrodes, grows

as well, but the measurement capabilities of the entire apparatus are increased.

The measurement method described in the above mentioned patent application, in its
most sophisticated form, requires 8 measurement electrodes. It consists in conducting
measurements as in the classical four-electrode method, with the difference that the
value of measured potential is monitored and the value of screening potential is
dynamically adjusted so that the undesired current flows are minimized. The screening
potential results from the flow of screening current, which typically reach values greater
than the measuring current, and in extreme cases may be much greater than the
measuring current. Such a method of current control requires that the very low level of
measuring current intensity is applied, so that the larger screening current does not
exceed the safety threshold defined by medical devices safety regulations. However,
the use of too low a measuring current, decreases the signal to noise ratio and lowers
the sensitivity of the apparatus. This makes implementing the measurement method

difficult in practice.

It is an object of the invention to provide an alternative bio-impedance measurement
method and control circuit that allows for greater control over the screening current and
measurement current levels. It is also an object of the invention to provide a control
circuit that allows for the possibility of changing the measurement configuration by
simply changing the connection of electrodes to the control circuit.

Summary of the Invention
The invention is defined in the appended claims, to which reference should be made.

In one embodiment, there is provided a method of controlling signals applied to
electrodes in a bio-impedance measurement system, the bio-impedance measurement
system comprising screening current injecting electrodes and measuring current

injecting electrodes for application to a subject under test, comprising: applying a
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constant amplitude screening current to the screening current injecting electrodes,
measuring a potential difference resulting from the screening current, and establishing
a measuring potential between the measuring current injecting electrodes based on the
potential difference resulting from the screening current, wherein a measuring current
resulting from the measuring potential is smaller than the screening current, and
wherein the measuring current and a potential associated with the measuring current

are used to determine characteristics of the subject under test.

The screening current reduces the flow of measuring current through the tissues
surrounding the tissue under investigation. It is advantageous that the amplitude of
screening current is fixed at a constant and safe level, and that it determines the
potential difference between the measuring current injecting electrodes, ensuring that
the flow of measuring current remains at a safe level, without activating additional

protection circuits and is typically smaller than screening current.

The step of establishing a measuring potential may comprise maintaining and
regulating dynamically the measuring potential at a level proportional to the potential

difference resulting from the screening current.

The step of measuring a potential difference resulting from the screening current may
comprise measuring the potential between the screening current injection electrodes or
between a separate pair of probe electrodes forming part of the bio-impedance

measurement system.

In another embodiment of the invention, there is provided a control circuit for electrodes
in a bio-impedance measurement system, the bio-impedance measurement system
comprising screening current injecting electrodes and measuring current injecting
electrodes, the control circuit comprising:

a current generator, driven by a voltage generator, for connection to at least one

screening current injecting electrode;

a screening potential input configured to receive a measure of a potential difference

resulting from the screening current; and

an measuring signal output configured to establish a measuring potential between

the measuring current injecting electrodes, wherein the control circuit is configured
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such that the measuring potential is dependent on the measure of a potential

difference resulting from the screening current.

The screening current reduces the flow of measuring current through the tissues
surrounding the tissue under investigation. It is advantageous that the amplitude of
screening current is fixed at a constant and safe level, and that the control circuit uses
the value of the potential resulting from the screening current to determine the potential
difference between the measuring current injecting electrodes. In this way the flow of
measuring current is typically smaller than screening current and necessarily at a safe
level, without activating additional protection circuits.

The measuring current is not directly selected by the operator, but determined by the
measuring potential. Because of the anatomic structure of a forearm, it is generally
guaranteed to be smaller than the screening current; typically, it is smaller by an order
of magnitude. The device may have additional built-in protection against currents (both
for screening and measuring currents) rising above the safe level, which is 100 pA for
this class of devices. However, activation of this protection mechanism introduces
measurement errors, so it is desirable to establish the exact amplitude of the screening
current and, because of the structure of a forearm, to be subsequently almost certain
that the measurement current is smaller. If it is the measurement current that is first
established at safe level, the screening current will typically be greater and could easily
activate the protection circuits and introduce errors. The protection, in its simplest form,
is a series current-limiting resistor.

The control circuit may further comprise an amplifier, wherein an input to the amplifier
is connected to the screening potential input and an output is the measuring signal
output. The amplifier may be an operational amplifier. The use of operational amplifiers
provides a reliable and inexpensive way to design a control circuit that ensures that the
measuring potential is proportional to measure of a potential difference resulting from
the screening current, and that the measuring current is smaller than the screening
current. The control circuit may further comprise a double difference ampilifier
measuring potentials at test resistors, connected to a measurement output providing a
voltage signal proportional to the value of the measuring current. The control circuit
may further comprise a difference amplifier measuring the potential difference resulting
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from the measuring current, connected to a measurement output providing a signal

proportional to the value of this difference.

The control circuit may further comprise a measurement input for connection to
measurement electrodes, wherein, in use, a signal received by the measurement input

is the measure of a potential difference resulting from the measurement current.

The voltage generator may be configured to generate a variable frequency alternating

voltage.

The control circuit may comprise a measurement socket for connection to current
injection electrodes and measurement electrodes, and an output socket or sockets,
wherein the output socket or sockets output a potential produced by the current
resulting from the measuring potential or the measuring potential, and the potential
proportional to measuring current. In one embodiment, the measurement socket has 10
pins. The output socket may have two pins and is configured for connection to a
system which analyzes the amplitude ratio and phase difference of measurement

potential and measuring current by means of synchronous detection.

Advantageously, the control circuit is configured to allow different configurations of
electrodes to be connected to the measurement socket. In one embodiment, the
control circuit is arranged in such a way that a change in configuration of measurement
electrodes connected to the pins in the measurement socket is realized simply by
changing the connection of the electrodes to the pins of the measurement socket and
by shorting selected pins of the measurement socked together or to the ground of the
electrode control circuit. Alternatively, or in addition, the measurement socket may
include mechanical or semiconductor switches to allow different configurations of

electrodes to be connected to the measurement socket.

It is advantageous that the connection of one of the measurement electrodes remains
unchanged between the different configurations of electrodes, so that it can be
electrically fixed to the respective point in the control circuit, bypassing the
measurement socket, which allows integration of this electrode with the apparatus

casing.
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It is advantageous that asymmetrical configuration of measurement electrodes can be
applied, which limits the number of measurement electrodes to 6 or 5, while the full
capabilities of the circuit, with elimination of parasitic currents, are retained.

In another embodiment, there is provided a bio-impedance measurement system
comprising a control circuit in accordance with any of the embodiments described
above and a device configured to analyze the amplitude ratio and phase difference of a
potential produced by the current resulting from the measuring potential or the

measuring potential, and the current resulting from the measuring potential.

As will be appreciated, a method, control circuit and bio-impedance measurement
system in accordance with the present invention eliminates the danger of inappropriate
choice of measuring current value in the measurement method with elimination of
parasitic currents, when either the corresponding screening current exceeds the limits
imposed by safety regulations, or the measuring current is too low causing increased
noise. The amplitude of the screening current is maintained at constant level, according
to medical devices safety regulations, and the measurement electrodes are
dynamically controlled with specialized electronic circuit realizing feedback function and
ensuring optimum measurement conditions, i.e., minimizing the parasitic current flow
through tissues irrelevant from the diagnostic point of view.

Another advantage of the invention consists in its compatibility with less advanced
measurement methods, such as a two-electrode method and a four-electrode method,
allowing for a common measurement module operable with each configuration of
measurement electrodes. The cost of manufacturing different versions of an apparatus
is lowered, as a single apparatus can work with different sets of measurement cables
corresponding to different measurement methods. When the common measurement
module is intended for use with the less developed electrode sets, further cost lowering
is possible by not soldering the elements unnecessary for those methods onto the
common printed circuit board of the control circuit.

Another advantage of the invention consists in the increased stability of the control
circuit related to the fact, that after the screening potential is established, the changes
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in measuring current influence the screening potential to minimal extent. In the
opposite case, when the measurement potential is established initially, the secondary
change in the screening potential substantially influences the magnitudes of the

measuring current and the measurement potential resulting from its flow.

Brief Description of the Drawings
Examples of the present invention will now be described, by way of example only, with
reference to the accompanying drawings, in which:

Figure 1 is a schematic diagram of a bio-impedance measurement apparatus
incorporating a control circuit in accordance with the present invention;

Figure 2 is a schematic illustration of the electrodes of the system of Figure 1
positioned on a forearm of a subject;

Figure 3 illustrates an example of a control circuit on accordance with the present
invention;

Figure 4 shows the connection of electrodes to the control circuit of Figure 3 in
accordance with a first configuration;

Figure 5 shows the connection of electrodes to the control circuit of Figure 3 in
accordance with a second configuration;

Figure 6 shows the connection of electrodes to the control circuit of Figure 3 in
accordance with a third configuration;

Figure 7 shows the connection of electrodes to the control circuit of Figure 3 in
accordance with a fourth configuration; and

Figure 8 shows the connection of electrodes to the control circuit of Figure 3 in
accordance with a fifth configuration.

Detailed Description

Figure 1 shows a general schematic representation of a bio-impedance measurement
apparatus incorporating a control circuit in accordance with the present invention. The
bio-impedance measurement system comprises a control circuit 10 connected to
electrodes 1 to 8, and to an analysis device 12. The analysis device may be a suitably
programmed general purpose computer or may include hardware designed specifically
for the purpose. The analysis device may be integrated with the control circuit 10 on a
single printed circuit board. The purpose of the analysis device is to provide an output
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meaningful to an end user from the measured potential and current from the control
circuit. Devices of this type are known in the art of phase-sensitive signal measurement
and it is not necessary to describe it in detail here. The analysis may be performed with
any two-channel, two-phase lock-in amplifier (such as Scitec Instruments’ 450DV2 or

Anfatec Instruments’ eLockin204/2) connected to a PC.

Figure 2 shows an example placement of the electrodes on the forearm of a subject.
Electrodes 1 and 2 are used to apply a measuring current to the bone. Electrodes 3
and 4 are used to measure the potential resulting from the measuring current. The
measuring current and the resulting potential measured by electrodes 3 and 4, or
signal derived from these, are provided as the output to the analysis circuit. Electrodes
7 and 8 are used to apply a screening current to the tissues surrounding the bone
under investigation. The screening current ensures that the measuring current is
largely restricted to the bone under investigation rather than the surrounding tissues.
Electrodes 5 and 6, referred to herein as probe electrodes, are used to measure the
potential resulting from the screening current. The signals from electrodes 5 and 6 are
used to control the magnitude of the measuring current.

Figure 3 illustrates one example of a control circuit 10 in accordance with the present
invention. The control circuit comprises a screening current generator 30, consisting of
the digital voltage generator 34 driving a current source which consists of the
differential amplifier 31 and the separation amplifier 32. The screening current |., which
depends on the values of the voltage from the voltage generator 34 and the precision
resistor 36, is output to the pin F of the measurement socket 40. The screening current
le is received through the operational amplifier 42 which keeps the potential at the pin D
of the measurement socket 40 on its inverting input very close to the ground potential
on its non-inverting input by adjusting the potential at its output connected to the pin E;
after connecting to the measured object, then pins D and E are connected together by
object’s resistance and the pin E works as virtual ground which can absorb current

from the pin F.

The operational amplifiers 44 and 46 generate measuring current at the pins H and C
of the measurement socket 40, respectively. A double difference amplifier 50 consisting
of the operational amplifiers 51, 52, 53, 54, 55 measures potentials at the test resistors
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45 and 47 and provides at the measurement output K a voltage signal proportional to

the value of the measuring current .

A difference amplifier 60 consisting of the operational amplifiers 61, 62, 63 measures
the potential difference between the input pins A and J of the measurement socket 40,
and provides at measurement output L a signal proportional to the value of this
difference.

The voltage sources 70 supply symmetric +2.5 V power to all operational amplifiers.
The value of the voltages supplied can be chosen to suit the range of resistances to be
measured. In this embodiment, the maximum resistances are of the order of 10 kQ.
Advantageously, there is a variety of CMOS operational amplifiers available in the
market with supply voltages in the £1.65 V to £2.75 V range. Although a non-symmetric
supply voltages are possible, a symmetric supply is desirable as it does not produce

any additional DC components in the screening and measurement currents.

To additionally protect against exceeding 500 pA current flow defined by safety
regulations in case of single fault, the resistors 36, 45 and 47 should have values of at
least 5 kQ. To keep the both screening and measurement current below the 100 pyA
level defined by the safety regulations for normal operation, the voltage at the output of
voltage generator 34 should not exceed 500 mV when the differential gain of the
amplifier 31 is set to unity.

The screening current injecting electrodes 7 and 8 are connected to the pins E and F of
the measurement socket 40, respectively. The measuring current injecting electrodes 1
and 2 are connected to the pins C and H, respectively. The probe electrodes 5 and 6
are connected to the pins D and G, respectively. The electrode 3 measuring the
potential produced by the measuring current flow is connected to the pins A and B, and
the electrode 4 measuring the potential produced by the measuring current flow is
connected to the pins | and J. This way, the full 8-electrode measurement configuration

is realized.

The control circuit operates in such a way that the distribution of screening potential in
the tissue surrounding the investigated bone is established, and the measuring
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potential causing the flow of the measuring current |, is adjusted accordingly,
minimizing parasitic currents flow. The screening field is generated in the surrounding
tissue by injection of screening current |, of a magnitude according to medical devices
safety regulations, generated in a generator consisting of the digital alternating voltage
source 34 and the current source controlled by this voltage. The current source
consists of the differential amplifier 31 connected with a precision resistor 36, which
sets the value of the current, and a separation amplifier 32, as described above.

Depending on the way the measurement electrodes are connected, without any
changes to the electrical scheme of the control circuit, different measurement
configurations can be set up: classical two-electrode, classical four-electrode, six-
electrode with dynamical screening, eight-electrode with dynamical screening, and
asymmetric five-electrode with dynamical screening. The connection schemes for

different measurement configurations are shown in Figures 4, 5, 6, 7, and 8.

It should be clear to a person of ordinary skill that alternative configurations for the
control circuit are possible. Alternative control circuits typically include analogous
functional blocks, but have some differences within the blocks. For example, the
amplifier 42 might generate a true virtual ground, by connecting its inverting input
directly to its output (E) not to D (D will be connected only to non-inverting input of 46).
The pin E can be connected directly to ground, and 42 completely removed, too.
Current generator 30 can also be constructed in a different way.

The screening current generator is advantageously able to both source current to the
load and sink current from the load, while one of the load terminals is connected to
ground. Because of these constraints, the use of a Howland current source or a
modification of a Howland current source is advantageous. The original Howland
source with single operational amplifier is relatively difficult in use because four
matched precision resistors are needed to control the current. The modification of the
Howland source, shown in Figure 3, is easier in application. It comprises two
operational amplifiers, but only one precision resistor is needed. It should be clear that
other modifications of the Howland current source can be used as well.
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In a first embodiment in accordance with the invention a method for controlling
electrodes for bio-impedance measurements comprises generating an alternating
screening current |, of a magnitude in accordance with safety regulations for medical
devices, and applying that screening current to the tissues surrounding the analysed
bone by the screening current injecting electrodes 7, 8. The electrodes 1, 2, 5, 6, 7, 8
are positioned on a forearm of the subject as shown in Figure 2. The screening current
electrodes 7, 8 are positioned between the measuring current injecting electrodes 1, 2.
The screening potential in the tissues surrounding the bone is measured with the probe
electrodes 5, 6, with elimination of the influence of the contact resistances. At the same
time, an alternating potential is established at the measuring current injecting
electrodes 1, 2, which forces the measuring current flow I, through the analysed bone.
The value of the measuring potential is regulated dynamically and maintained at a level
proportional to the potential measured at the probe electrodes 5, 6. The injected
measuring current frequency is changed nine times in equal intervals in the range from
250 Hz to 250 kHz during a measurement. The potential at the measuring current
injecting electrodes 1, 2, as well as a phase difference between the measuring current
injecting electrodes 1, 2 and the measuring current |, are measured for each of ten
injected measuring current frequencies. On the basis of measured electrical values, the

structure and chemical composition of bone tissue are evaluated.

In an alternative embodiment in accordance with the invention a method for controlling
electrodes for bio-impedance measurements is carried out as in the first embodiment
with the difference that the potential produced by the measuring current |, flow is
measured with the electrodes measuring the potential produced by the measuring
current flow 3, 4, and the potential at the measuring current injecting electrodes 1, 2 is
regulated at a level such that the potential at the probe electrode 5 is equal to the
potential at the electrode measuring the potential produced by the measuring current
flow 3, and the potential at the probe electrode 6 is equal to the potential at the
electrode measuring the potential produced by the measuring current flow 4. The
electrodes 1, 2, 3, 4, 5, 6, 7, 8 are positioned on a forearm of the subject as shown in
Figure 2.
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A circuit as described in Figure 3 can be used with varying numbers of electrodes,
giving it great flexibility. Examples of different possible connections of the circuit
described with reference to Figure 3 to the electrodes will now be described.

Example 1

In a first example the control circuit for electrodes for bio-impedance measurements is
as shown in Figure 3 and comprises a screening current generator 30, consisting of the
digital voltage generator 34 driving a current source which consists of the differential
amplifier 31 and the separation amplifier 32. The screening current |, depends on the
values of the voltage U, and the precision resistor 36, and is output to the pin F of the
measurement socket 40. The screening current |, is received through the amplifier 42
which generates potential at the pin E of the measurement socket 40 in such a way
that potential at the pin D is equal to the ground potential. The amplifiers 44 and 46
generate measuring current at the pins H and C of the measurement socket 40,
respectively. A double difference amplifier 50 consisting of the operational amplifiers
51, 52, 53, 54, 55 measures potentials at the test resistors 45 and 47, and provides at
the measurement output K a voltage signal proportional to the value of the measuring
current |,. A difference amplifier 60 consisting of the operational amplifiers 61, 62, 63
measures the potential difference between the input pins A and J of the measurement
socket 40, and provides at measurement output L a signal proportional to the value of
this difference. The connection of electrodes is shown in Figure 4. The screening
current injecting electrodes 7 and 8 are connected to the pins E and F of the
measurement socket 40, respectively. The measuring current injecting electrodes 1
and 2 are connected to the pins C and H, respectively. The probe electrodes 5 and 6
are connected to the pins D and G, respectively. The electrode measuring the potential
produced by the measuring current flow 3 is connected to the pins A and B, and the
electrode measuring the potential produced by the measuring current flow 4 is
connected to the pins | and J. This way, the full 8-electrode measurement configuration

with dynamic screening is realized.

Example 2

In a second example, the control circuit is the same as in Example 1 but only the
measuring current injecting electrodes 1, 2, the electrodes measuring the potential
produced by the measuring current flow 3, 4, and the screening current injecting
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electrodes 7, 8 are used. The connection of electrodes is shown in Figure 5. The
screening current injecting electrode 7 is connected to the pins D and E of the
measurement socket 40. The screening current injecting electrode 8 is connected to
the pins F and G. The measuring current injecting electrodes 1 and 2 are connected to
the pins C and H, respectively. The electrode measuring the potential produced by the
measuring current flow 3 is connected to the pins A and B. The electrode measuring
the potential produced by the measuring current flow 4 is connected to the pins | and J.
This way, the symmetric 6-electrode configuration of measurements with dynamic

screening is realized.

Example 3

In a third example, the control circuit is the same as in the Example 1 but only the
measuring current injecting electrodes 1, 2, the electrodes measuring the potential
produced by the measuring current flow 3, 4, and the screening current injecting
electrode 8 are used. The connection of electrodes is shown in Figure 6. The screening
current injecting electrode 8 is connected to the pin F of the measurement socket 40.
The measuring current injecting electrode 1 is connected to the pin C. The measuring
current injecting electrode 2, which in this configuration injects also the screening
current /., is connected to the pins D and E. The electrode measuring the potential
produced by the measuring current flow 3 is connected to the pins A and B. The
electrode measuring the potential produced by the measuring current flow 4 is
connected to the pin J. The pins | and H are short to each other, and the pin G is short
to the ground of the circuit. This way, the simplest 5-electrode configuration of

measurements with dynamic screening is realized.

Example 4

In a fourth example, the control circuit is the same as in the Example 1 but only the
measuring current injecting electrodes 1, 2 and the electrodes measuring the potential
produced by the measuring current flow 3, 4 are used. The connection of electrodes is
shown in Figure 7. The measuring current injecting electrode 1 is connected to the pin
C of the measurement socket 40. The measuring current injecting electrode 2 is
connected to the pin F. The electrode measuring the potential produced by the
measuring current flow 3 is connected to the pins A and B. The electrode measuring
the potential produced by the measuring current flow 4 is connected to the pin J. The
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pins D and E are short to each other, the pins | and H are short to each other, and the
pin G is short to the ground of the circuit. This way, the classic 4-electrode

measurements configuration is realized.

Example 5

In a fifth example the control circuit is the same as in the Example 4 but only the
measuring current injecting electrodes 1, 2 are used. The connection of electrodes is
shown in Figure 8. The measuring current injecting electrode 1 is connected to the pins
A, B and C of the measurement socket 40. The measuring current injecting electrode 2
is connected to the pins F and J. The pins D and E are short to each other, the pins |
and H are short to each other, and the pin G is short to the ground of the circuit. This

way, the classic 2-electrode measurements configuration is realized.

Although in the described examples the electrodes are each separable from the
sockets of the control circuit, it should be clear that it is possible to have one or all of
the electrodes fixed to the control circuit. For example, the measuring current injecting
electrode 1 may be electrically fixed to the output of the control circuit 10, connected to
the pin C of the measurement socket 40. At least one electrode may be integrated with

the apparatus casing.



WO 2013/128243 PCT/IB2012/051529

15

Claims

1. A method of controlling signals applied to electrodes in a bio-impedance
measurement system, the bio-impedance measurement system comprising
screening current injecting electrodes and measuring current injecting electrodes
for application to a subject under test, comprising: applying a constant amplitude
screening current to the screening current injecting electrodes, measuring a
potential difference resulting from the screening current, and establishing a
measuring potential between the measuring current injecting electrodes based on
the potential difference resulting from the screening current, wherein a measuring
current resulting from the measuring potential is smaller than the screening current,
and wherein the measuring current and a potential associated with the measuring

current are used to determine characteristics of the subject under test.

2. A method according to claim 1, wherein the step of establishing a measuring
potential comprises maintaining and regulating dynamically the measuring potential
at a level proportional to the potential difference resulting from the screening
current.

3. A method according to claim 1 or 2, wherein the step of measuring a potential
difference resulting from the screening current comprises measuring the potential
between the screening current injection electrodes or between a separate pair of
probe electrodes forming part of the bio-impedance measurement system.

4. A control circuit for electrodes in a bio-impedance measurement system, the bio-
impedance measurement system comprising screening current injecting electrodes
and measuring current injecting electrodes, the control circuit comprising:

a current generator, driven by a voltage generator, for connection to at least one
screening current injecting electrode;

a screening potential input configured to receive a measure of a potential difference
resulting from the screening current; and

an measuring signal output configured to establish a measuring potential between

the measuring current injecting electrodes, wherein the control circuit is configured
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such that the measuring potential is dependent on the measure of a potential

difference resulting from the screening current.

A control circuit according to claim 4, further comprising an amplifier, wherein an
input to the amplifier is connected to the screening potential input and an output is

the measuring signal output.

A control circuit according to claim 5, wherein the amplifier is an operational
amplifier.

A control circuit according to claim 4, 5 or 6, wherein control circuit is configured to
ensure that the measuring potential is proportional to measure of a potential

difference resulting from the screening current.

A control circuit according to claim 4, 5 or 6, configured such that a current resulting

from the measuring potential is less that the screening current.

A control circuit according to any one of claims 4 to 8, wherein the control circuit
further comprises a measurement input for connection to measurement electrodes,
wherein, in use, a signal received by the measurement input is the measure of a

potential difference resulting from the measurement current.

A control circuit according to any one of claims 4 to 9, wherein the voltage

generator is configured to generate a variable frequency alternating voltage.

A control circuit according to any one of claims 4 to 10, having a measurement
socket for connection to current injection electrodes and measurement electrodes,
and an output socket or sockets, wherein the output socket or sockets output a
potential produced by the current resulting from the measuring potential or the
measuring potential, and the potential proportional to measuring current.

A control circuit according to claim 11, wherein the control circuit is configured to
allow different configurations of electrodes to be connected to the measurement
socket.
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A circuit according to claim 12, wherein the measurement socket includes
mechanical or semiconductor switches to allow different configurations of

electrodes to be connected to the measurement socket.

A bio-impedance measurement system comprising a control circuit in accordance
with any one of claims 4 to 13 and a device configured to analyze the amplitude
ratio and phase difference of a potential produced by the current resulting from the
measuring potential or the measuring potential, and the current resulting from the
measuring potential.
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