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Description
Background of the Invention

[0001] The present invention relates to a method for
performing impedance measurements on a subject.

Description of the Prior Art

[0002] The reference in this specification to any prior
publication (or information derived from it), or to any mat-
ter which is known, is not, and should not be taken as an
acknowledgment or admission or any form of suggestion
that the prior publication (or information derived from it)
or known matter forms part of the common general knowl-
edge in the field of endeavour to which this specification
relates.

[0003] One existing technique for determining biolog-
ical parameters relating to a subject involves the use of
bioelectrical impedance. This involves applying electrical
signals to a subject and then measuring signals induced
within the subject, using a series of electrodes placed on
the skin surface, allowing the electrical impedance of the
subject’s body to be determined. This information can
then be used to derive parameters indicative of fluid lev-
els within the subject.

[0004] Typical impedance measuring devices operate
by applying electrical signals, such as current signals, to
the subject via first leads, with induced signals, such as
voltage signals, being measured via second leads. The
induced signals typically have a small magnitude, and
accordingly itis necessary to ensure that noise and other
interference within the impedance measuring apparatus
is minimised.

[0005] In such arrangements, one source of noise re-
sults from inductive coupling between the first and sec-
ond leads. This is caused by the generation of a changing
magnetic field within the first leads, which in turn induces
a current in the second leads. This induced current inter-
feres with the measurementofthe induced voltage, which
can in turn impact on the accuracy of the impedance
measurement process.

[0006] Other external factors that can impact on im-
pedance measurements can include stray capacitances
between the subject and the local environment and the
measurement apparatus, variations in electrode/tissue
interface impedances, also known as electrode imped-
ances, as well as stray capacitances between the leads
used to connect the measuring device to the electrodes.
[0007] US-2004/0181164 describes a system for diag-
nosing the possibility of disease in one of a first body part
and a second substantially similar body part by imped-
ance measurements. The system includes an imped-
ance module for calculating impedances of correspond-
ing segments of the first and second body parts from
current and voltage signals. The measured impedances
are corrected to account for the effect of stray impedanc-
es arising from non-body part sources.
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[0008] WO-2004/000115discloses adevice fordisplay
and analysis of EEG signals collects artefact signals in
a separate signal path and uses them after processing
to clean up the EEG. Duplication of amplifier, cable and
electrodes and use of an equivalent (dummy) input load
provides an artefact channel for collecting electromag-
netic interference from the area including the patient, and
triboelectric signals from patient signal cables. Imped-
ance of any electrode lead may be continuously moni-
tored for rapid impedance changes known to be causes
of artefacts. Software may provide corrective messages
to a user. WO-2007/002991 describes an apparatus for
performing impedance measurements on a subject. The
apparatus includes a first processing system for deter-
mining an impedance measurement procedure and de-
termining instructions corresponding to the measure-
ment procedure. A second processing systemis provided
for receiving the instructions, using the instructions to
generate control signals, with the control signals being
used to apply one or more signals to the subject. The
second processing system then receives first data indic-
ative of the one or more signals applied to the subject,
second data indicative of one or more signals measured
across the subject and performs at least preliminary
processing of the first and second data to thereby allow
impedance values to be determined.

[0009] The invention is set out in the claims.

[0010] In a broad form, there is provided a method for
performing impedance measurements on a subject, the
method using a processing system for carrying out the
following steps:

a) causing at least one electrical signal to be applied
to the subject via first leads operatively connected
to first electrodes provided on the subject;

b) determining a first indication indicative of at least
one first electrical signal measured via second leads
operatively disconnected from second electrodes
positioned on the subject;

c) determining a second indication indicative of at
least one second electrical signal measured via sec-
ond leads operatively connected to second elec-
trodes positioned on the subject; and,

d) determining at least one instantaneous imped-
ance value from the first indication, the second indi-
cation and the at least one applied signal, to thereby
account for inductive coupling between the first and
second leads.

[0011] Typically the second leads are connected to the
second electrodes via respective switches, wherein the
method includes using the processing system, for caus-
ing the switches to be selectively opened and closed to
allow the first and second indications to be determined.
[0012] Typically the method includes using the
processing system for carrying out the following steps:

a) opening the switches;
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b) determining the first indication;
c) closing the switches; and,
d) determining the second indication.

[0013] Typically each second lead includes alead pair,
and wherein each lead pair includes a lead operatively
connected to the second electrodes and a lead opera-
tively disconnected to the second electrodes, and where-
in the method includes using the processing system for
carrying out the following steps:

a) determining the first indication using the lead op-
eratively disconnected to the second electrodes;
and,

b) determining the second indication using the lead
operatively connected to the second electrodes.

[0014] Typically the method includes using the
processing system for carrying out the following steps:

a) determining a number of frequencies;

b) selecting a next frequency from the number of
frequencies;

c) causing the at least one electrical signal to be ap-
plied to the subject at the selected frequency;

d) determining the first and second indications; and,
e) repeating steps (b), (c) and (d) for each of the
number of frequencies.

[0015] Typically the method includes using the
processing system for carrying out the following steps:

a) determining at least one impedance measure-
ment to be performed; and,

b) determining the number of frequencies using the
determined impedance measurement.

[0016] Typically the method includes using the
processing system for carrying out the following steps:

a) determining an indication of the at least one signal
applied to the subject; and,

b) determining the at least one instantaneous imped-
ance value using the determined indication.

[0017] Typically the method includes using the
processing system for carrying out the following steps:

a) modifying the second indication using the first in-
dication; and,

b) using the modified second indication to determine
the at least one instantaneous impedance value.

[0018] Typically the method includes using the
processing system for carrying out the following steps:

a) determining at least one first instantaneous im-
pedance value using the first indication;
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b) determining at least one second instantaneous
impedance value using the second indication; and,
c) determining the atleast one instantaneous imped-
ance value using the first and second instantaneous
impedance values.

[0019] Typically the method includes using the
processing system for carrying out the following steps:

a) causing a first signal to be applied to the subject;
b) determining an indication of a second signal
measured across the subject;

¢) using the indication of the second signal to deter-
mine any imbalance;

d) determining a modified first signal in accordance
with the imbalance;

e) causing the modified first signal to be applied to
the subject to thereby allow at least one impedance
measurement to be performed.

[0020] Typically where the second signal is a voltage
sensed at respective second electrodes, the method in-
cludes using the processing system for carrying out the
following steps:

a) determining the voltage sensed at each of the sec-
ond electrodes;

b) determining a first voltage using the voltage
sensed at each of the second electrodes, the first
voltage being a common mode signal;

c) determining the imbalance using the first voltage;
and,

d) determining the modified first signal so as to min-
imise the imbalance.

Brief Description of the Drawings

[0021] Anexample of the present invention will now be
described with reference to the accompanying drawings,
in which: -

Figure 1 is a schematic diagram of an example of
impedance measuring apparatus;

Figure 2 is a flowchart of an example of a process
for performing impedance measurements using the
apparatus of Figure 1;

Figure 3 is a schematic diagram of an example of a
buffer circuit for use in the apparatus of Figure 1;
Figures 4A and 4B are a flowchart of a second ex-
ample of a process for performing impedance meas-
urements using the apparatus of Figure 1;

Figure 5 is aschematic diagram of a second example
of impedance measuring apparatus;

Figure 6 is a schematic diagram of a third example
of impedance measuring apparatus;

Figure 7 is a flowchart of an example of a process
for performing impedance measuring using the ap-
paratus of Figure 6;
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Figure 8 is a schematic diagram of a fourth example
of impedance measuring apparatus;

Figure 9 is a schematic diagram of an example of a
computer system;

Figure 10 is a schematic of an example of the func-
tionality of the processing system of Figure 8;
Figures 11A to 11C are a flowchart of a second ex-
ample of a process for performing impedance meas-
urements;

Figure 12 is a schematic diagram of an example of
an electrode system incorporating a signal generator
and a sensor;

Figure 13 is a schematic diagram of an example of
lead connections between the measuring device and
the electrode system of Figure 12; and,

Figure 14 is a schematic diagram of an example of
a lead arrangement.

Detailed Description of the Preferred Embodiments

[0022] An example of apparatus suitable for perform-
ing an analysis of a subject’s bioelectric impedance will
now be described with reference to Figure 1.

[0023] As shown the apparatus includes a measuring
device 100 including a processing system 102 coupled
to a signal generator 111 and a sensor 112. In use the
signal generator 111 and the sensor 112 are coupled to
first electrodes 113, 114, and second electrodes 115,
116, provided on a subject S, via respective first leads
123, 124, and second leads 125, 126. The connection
may be via a switching device 118, such as a multiplexer,
allowing the leads 123, 124, 125, 126 to be selectively
interconnected to signal generator 111 and the sensor
112.

[0024] In this example, the second leads 125, 126 are
connected to the second electrodes 115, 116, via respec-
tive switches 135, 136. In use, the switches 135, 136 can
be controlled by the processing system 102 using suita-
ble wired or wireless control connections, shown gener-
ally by dotted lines at 137, 138.

[0025] An optional external interface 103 can be used
to couple the measuring device 100 to one or more pe-
ripheral devices 104, such as an external database or
computer system, barcode scanner, or the like. The
processing system 102 will also typically include an 1/0
device 105, which may be of any suitable form such as
a touch screen, a keypad and display, or the like.
[0026] In use, the processing system 102 is adapted
to generate control signals, which causes the signal gen-
erator 111 to generate one or more alternating signals,
such as voltage or current signals, which can be applied
to a subject S, via the first electrodes 113, 114. The sen-
sor 112 then determines the voltage across or current
through the subject S, using the second electrodes 115,
116 and transfers appropriate signals to the processing
system 102.

[0027] Accordingly, it will be appreciated that the
processing system 102 may be any form of processing
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system which is suitable for generating appropriate con-
trol signals and interpreting an indication of the measured
signals to thereby determine the subject’s bioelectrical
impedance, and optionally determine other information
such as cardiac parameters, the presence absence or
degree of oedema, or the like.

[0028] The processing system 102 may therefore be
a suitably programmed computer system, such as a lap-
top, desktop, PDA, smart phone or the like. Alternatively
the processing system 102 may be formed from special-
ised hardware, such as an FPGA (field programmable
gate array), or a combination of a programmed computer
system and specialised hardware, or the like.

[0029] Itwillbe appreciated thatthe processing system
102, the signal generator 111 and the sensor 112 may
be integrated into a common housing and therefore form
an integrated device. Alternatively, the processing sys-
tem 102 may be connected to the signal generator 111
and the sensor 112 via wired or wireless connections.
This allows the processing system 102 to be provided
remotely to the signal generator 111 and the sensor 112.
Thus, the signal generator 111 and the sensor 112 may
be provided in a unit near, or worn by the subject S, whilst
the processing system 102 is situated remotely to the
subject S.

[0030] In one example, the first electrodes 113, 114
are placed on the thoracic and neck region of the subject
S. However, this depends on the nature of the analysis
being performed. Thus, for example, whilst this electrode
arrangement is suitable for cardiac function analysis, in
lymphoedema, the electrodes would typically be posi-
tioned on the limbs, as required.

[0031] Once the electrodes are positioned, one or
more alternating signals are applied to the subject S, via
the first leads 123, 124 and the first electrodes 113, 114.
The nature of the alternating signal will vary depending
on the nature of the measuring device and the subse-
quent analysis being performed.

[0032] For example, the system can use Bioimped-
ance Analysis (BIA) in which a single low frequency signal
is injected into the subject S, with the measured imped-
ance being used as required. In contrast Bioimpedance
Spectroscopy (BIS) devices perform impedance meas-
urements at multiple frequencies over a selected fre-
quency range. Whilst any range of frequencies may be
used, typically frequencies range from very low frequen-
cies (4 kHz) to higher frequencies (15000 kHz). Similarly,
whilst any number of measurements may be made, in
one example the system can use 256 or more different
frequencies within this range, to allow multiple imped-
ance measurements to be made within this range.
[0033] Thus, the measuring device 100 may either ap-
ply an alternating signal at a single frequency, at a plu-
rality of frequencies simultaneously, or a number of al-
ternating signals at different frequencies sequentially,
depending on the preferred implementation. The fre-
quency or frequency range of the applied signals may
also depend on the analysis being performed.
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[0034] Inone example, the applied signal is a frequen-
cy rich current from a current source clamped, or other-
wise limited, so it does not exceed the maximum allow-
able subject auxiliary current. However, alternatively,
voltage signals may be applied, with a current induced
in the subject being measured. The signal can either be
constant current, impulse function or a constant voltage
signal where the current is measured so it does not ex-
ceed the maximum allowable subject auxiliary current.
[0035] Application of the signal typically results in the
creation of a varying magnetic field in the region sur-
rounding the leads first 123, 124. However, as shown
generally in Figure 1, the required electrode geometry,
and in particular the need to position the second elec-
trodes 115, 116 inwardly of the first electrodes 113, 114
results in the formation of a loop defined by the first leads
123, 124, the subject S and the measuring device 100.
This results in a magnetic field being generated as shown
generally at 150, with the second leads 125, 126 provided
within the magnetic field.

[0036] A potential difference and/or current are meas-
ured between the second electrodes 115, 116. The ac-
quired signal and the measured signal will be a super-
position of potentials generated by the human body, such
as the ECG (electrocardiogram), potentials generated by
the applied signal, and other signals caused by environ-
mental electromagnetic interference. Accordingly, filter-
ing or other suitable analysis may be employed to remove
unwanted components.

[0037] The acquired signal is typically demodulated to
obtain the impedance of the system at the applied fre-
quencies. One suitable method for demodulation of su-
perposed frequencies is to use a Fast Fourier Transform
(FFT) algorithm to transform the time domain data to the
frequency domain. Thisis typically used whenthe applied
current signal is a superposition of applied frequencies.
Another technique not requiring windowing of the meas-
ured signal is a sliding window FFT.

[0038] In the event that the applied current signals are
formed from a sweep of different frequencies, then it is
more typical to use a signal processing technique such
as correlating the signal. This can be achieved by multi-
plying the measured signal with a reference sine wave
and cosine wave derived from the signal generator, or
with measured sine and cosine waves, and integrating
over a whole number of cycles. This process, known var-
iously as quadrature demodulation or synchronous de-
tection, rejects all uncorrelated or asynchronous signals
and significantly reduces random noise.

[0039] Other suitable digital and analogue demodula-
tion techniques will be known to persons skilled in the
field.

[0040] In the case of BIS, impedance or admittance
measurements are determined from the signals at each
frequency by comparing the recorded voltage and the
current through the subject. The demodulation algorithm
can then produce an amplitude and phase signal at each
frequency.
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[0041] As part of the above described process, the dis-
tance between the second electrodes may be measured
and recorded. Similarly, other parameters relating to the
subject may be recorded, such as the height, weight,
age, sex, health status, any interventions and the date
and time on which they occurred. Other information, such
as current medication, may also be recorded. This can
then be used in performing further analysis of the imped-
ance measurements, so as to allow determination of the
presence, absence or degree of oedema, to assess body
composition, or the like.

[0042] To assist accurate measurement of the imped-
ance, buffer circuits may be placed in connectors that
are used to connect the second electrodes 115, 116 to
the second leads 125, 126, as will be described in more
detail below. This ensures accurate sensing of the volt-
age response of the subject S, and in particular helps
eliminate contributions to the measured voltage due to
the response of the second leads 125, 126, and reduce
signal loss.

[0043] Thisinturn greatly reduces artefacts caused by
movement of the second leads 125, 126, which is par-
ticularly important in applications such as monitoring fluid
levels during dialysis, in which sessions usually last for
several hours and the subject will move around and
change positions during this time.

[0044] Afurtheroptionis forthe voltage to be measured
differentially, meaning that the sensor used to measure
the potential at each second electrode 115, 116 only
needs to measure half of the potential as compared to a
single ended system.

[0045] The measurement system may also have buff-
ers placed in the connectors between the first electrodes
113, 114 and the first leads 123, 124. In one example,
current can also be driven or sourced through the subject
S differentially, which again greatly reduced the parasitic
capacitances by halving the common-mode current. An-
other particular advantage of using a differential system
is that the micro-electronics built into the connectors for
each first electrode 113, 114 also removes parasitic ca-
pacitances that arise when the subject S, and hence the
leads first 123, 124, move.

[0046] An example of the operation of the apparatus
for performing impedance analysis will now be described
with reference to Figure 2.

[0047] Atstep 200, a signal is applied to the subject S,
via the first leads 123, 124 and the first electrodes 113,
114. At step 210, a first indication indicative of the signal
induced within the second leads 125, 126 is determined.
Typically this is achieved by having the sensor 112 sense
a first signal whilst the second leads 125, 126 are oper-
atively disconnected from the second electrodes 115,
116, with the first indication being a digitised version of
the sensed first signal.

[0048] At step 220, a second indication indicative of
the signal induced within the subject S is determined.
Again, this is typically achieved having the sensor 112
sense a second signal from the second leads 125, 126
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whilst the second leads 125, 126 are operatively con-
nected to the secondly electrodes 115, 116 with the sec-
ond indication being a digitised version of the sensed
second signal.

[0049] It will be appreciated that steps 210 and 220
may be performed in any order, and that the above order
is for the purpose of example only.

[0050] The operative disconnection may be achieved
through physical separation of each second lead 125,
126 and the corresponding second electrode 115, 116.
Thus, for example, an operator may detach the second
lead 125, 126 from the corresponding second electrode
115, 116, and then reattach the second leads 125, 126
and the second electrodes 115, 116 when the subject’'s
impendance is to be measured.

[0051] However, it is preferable that the second leads
125, 126 are provided in the same physical geometry as
is used for the measurement at step 220, and according-
ly, the operative disconnection may be achieved using
the switches 135, 136. In this example, the switches 135,
136 are provided in an open position at step 210, and a
closed position at step 220.

[0052] It will also be appreciated that a range of alter-
native mechanisms for operative disconnection may be
used. Thus, for example, instead of using switches 135,
136 that physically disconnect the leads and the elec-
trodes, operative disconnection may be achieved by ef-
fective disconnection. This could be achieved by using
resistors in place of the switches 135, 136, to alter the
impedance of the connection between the second leads
125, 126 and the second electrodes 115, 116. In this
instance, by using variable resistors, the resistance or
impedance can be increased when it is desired to oper-
atively disconnect the second leads 125, 126 and the
second electrodes 115, 116. Similarly, the resistance/im-
pedance can be decreased when it is desired to opera-
tively connect the second leads 125, 126 and the second
electrodes 115, 116. It will be appreciated that other sim-
ilar techniques could also be used.

[0053] Atstep 230 the measuring device 100 operates
to analyse the current and voltage signals to allow im-
pedance values indicative of the subject’s impedance to
be determined. In one example, this is achieved by using
the first and second indications, for example by subtract-
ing the first voltage from the second voltage. Alternatively
any suitable modification of the second voltage using the
first voltage can be performed. A further alternative is to
calculate first and second impedance values from the
first and second voltages and then modify the second
impedance values using the first impedance values.
[0054] It will be appreciated that the magnitude of the
inductive coupling effect will depend on the frequency of
the applied current, and accordingly, if measurements
are to be performed at multiple frequencies, then typically
steps 210 and 220 would be performed at each frequen-
cy.

[0055] In the event that a superposition is used, then
steps 210 and 220 would be repeated for each superpo-
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sition of frequencies. Thus, a signal formed from a su-
perposition of frequencies would be applied at step 210,
with the second leads 125, 126 and the second elec-
trodes 115, 116 operatively disconnected. The same sig-
nal would then be reapplied at step 220, with the second
leads 125, 126 and the second electrodes 115, 116 op-
eratively connected.

[0056] An example of voltage buffer circuitis shown in
Figure 3. In this example, each second electrode 115,
116, is coupled to a respective buffer circuit 301, 302.
[0057] In this example, each buffer 301, 302 includes
amplifiers A4g, A14¢, and a number of resistors Ry, ...,
Rog, interconnected as shown. In use, each buffer 301,
302, is connected a respective electrode 115, 116 via
connections 305, 306. The buffers 301, 302 are also con-
nected via leads 125, 126 to the switching unit 118 and
the sensor 112, which in one example is formed from a
differential amplifier. It will therefore be appreciated that
a respective buffer circuit 301, 302 is connected to each
of the electrodes 115, 116, and then to the differential
amplifier 112, allowing the potential difference across the
subject S to be determined.

[0058] Inuse, eachamplifier A;yamplifies the detected
signals and drives the core of the respective cables form-
ing the second leads 125, 126 whilst each amplifier A44
amplifies the detected signal and drives the respective
shield of the cables forming the second leads 125, 126.
Resistors Ryg and Ry decouple the amplifier outputs
from the capacitances associated with cable, although
the need for these depends on the amplifier selected.
This allows multi-core shielded cables to be used to es-
tablish the connections to the second electrodes 115,
116.

[0059] As shown, the buffer circuits 301, 302 are con-
nected to the second electrodes 115, 116, via the switch-
es 135, 136. By positioning the switches 135, 136 be-
tween the second electrodes 125, 126 and the buffer
circuits 301, 302, this ensures any voltages induced with-
in the buffer circuit, due to the inductive coupling effect,
are also taken into account.

[0060] A second example operation of the apparatus
will now be described with reference to Figures 4A to 4C.
[0061] At step 400 an operator selects an impedance
measurement type using the processing system 100.
This may be achieved in a number of ways and is typically
achieved by having the processing system 100 display
a user interface including a list of available measurement
procedures, allowing a desired procedure to be selected
using the 1/0 device 142. Additionally, or alternatively,
the operator can define custom procedures.

[0062] Available procedures are typically stored as
profiles in the memory 141, and describe the sequence
of measurements that are to be performed. This includes
information regarding the signals that need to be gener-
ated by the signal generator 111, and the relative timing
with which the signals should be applied to the subject
S. The profiles also include an indication of calculations
that need to be performed on recorded measurements,
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to allow body composition or other biological or health
status indicators to be determined.

[0063] Thus, for example, when performing cardiac
function determination, it will be typical to use a different
applied current sequence and a different impedance
analysis, as compared to performing lymphoedema
measurements, body composition, pulmonary oedema
detection, or the like.

[0064] Once an appropriate measurement type has
been selected by the operator, this will cause the
processing system 100 to select a next frequency f; for
the current signal to be applied, at step 410.

[0065] Atstep 420, the processing system 100 causes
the switches 135, 136 to be opened. This can be achieved
in any suitable manner, and may depend to a large extent
onthe nature of the switches. For example, if the switches
are manually operated, this may require that the process-
ing system 100 display an indication that the switches
should be opened, with the operator providing confirma-
tion of this once the switches are opened. However, pref-
erably the switches are electronically controlled by the
processing system 100, allowing the process to be per-
formed automatically. This may be achieved in any suit-
able manner.

[0066] Atstep 430, the processing system 100 causes
the signal generator 111 to generate an alternating cur-
rent at the frequency f;, with this being applied to the
subject S via the leads 123, 124 and the electrodes 113,
114 with an indication of the applied current optionally
being returned to the processing system 100 at step 440.
This may not be required if the applied current is deter-
mined solely based on control of the signal generator by
the processing system 100, or if it is alternatively meas-
ured at step 480 below.

[0067] Simultaneously, at step 450, the first voltage
induced in the leads 125, 126 is measured using the sen-
sor 112, with a first indication indicative of the measured
voltage being returned to the processing system 100.
[0068] Atstep 460, the processing system 100 causes
the switches 135, 136 to close, before causing the signal
generator 111 to apply an alternating current at the fre-
quency f;, to the subject S, at step 470. An indication of
the applied signal is optionally returned to the processing
system 1000 at step 480. Simultaneously, at step 490,
the second voltage induced in the subject S and the sec-
ond leads 125, 126 is measured using the sensor 112,
with a second indication indicative of the measured volt-
age being returned to the processing system 100.
[0069] It will be appreciated that either step 440 or step
480 may not be required if the signal generator is suffi-
ciently stable to supply a consistent current at steps 430
and 470, or if an impedance of the leads induced by the
inductive coupling is not used in the analysis.

[0070] Inthis example, at step 500 the second voltage
is modified using the first voltage, either by subtracting
the first voltage from the second voltage, by scaling the
second voltage, or the like. The modified second voltage
and the applied current are then used to determine in-
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stantaneous impedance values, at step 510.

[0071] As an alternative, at step 500 first and second
impedance values can be determined based on the first
and second voltages respectively, with the first imped-
ance values being used to modify the second impedance
values.

[0072] Duringthe processing of the currentand voltage
signals additional processing may also be performed de-
pending on the impedance measurement profile, such
as processing the voltage signals V to extract ECG sig-
nals. The signals will also typically be filtered to ensure
that only signals at the applied frequencies f;, are used
in impedance determination. This helps reduce the ef-
fects of noise, as well as reducing the amount of process-
ing required.

[0073] At step 520, it is determined if all frequencies
required by the profile have been completed, and if not
the process returns to step 410 to allow the next frequen-
cy to be used. Otherwise, at step 530 the impedance
values are analysed to allow biological indicators to be
determined, as will be appreciated by persons skilled in
the art.

[0074] In the above described process, the first and
second voltages are determined at each measurement
frequency in turn. As an alternative, the process may
involve determining the first voltage at each frequency
and then subsequently determining the second voltage
at each frequency, or vice versa. However, by performing
the first and second voltage measurement at each fre-
quency in turn, this helps ensure that the first and second
leads 123, 124, 125, 126, are in similar positions when
the first and second voltages are measured, helping to
ensure the inductive coupling effect is the same in both
cases. In contrast, if the first voltage measurements are
performed first, then by the time the second voltage
measurements are performed, the subject S and hence
the leads 123, 124, 125, 126 may have moved, thereby
altering the effect of the inductive coupling and hence
reducing the effectiveness of the above described proc-
ess.

[0075] Anexample ofan alternative apparatus will now
be described with reference to Figure 5. In this example,
components similar to those shownin Figure 1 use similar
reference numerals.

[0076] In this example, the second leads 125, 126 are
formed from lead pairs 525A, 525B and 526A, 526B, each
of which includes a respective buffer circuit 545A, 546A,
545B, 546B, similar to the buffers 301, 302. In this ex-
ample, the leads 525A, 526A are connected to the elec-
trodes 115, 116 allowing the second voltages to be meas-
ured, whilst the leads 525B, 526B remain unconnected
allowing the first voltages to be measured.

[0077] Accordingly, it will be appreciated that this ar-
rangement allows the first and second voltages to be
measured simultaneously, which in turn helps ensure all
the leads 123, 124, 525A, 526A, 525B, 526B are in the
same positions when the measurements are made, en-
suring all each second lead pair 525A, 525B; 526A, 526B
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is subject to the same inductive coupling effect. Further-
more, performing the measurements simultaneously re-
duces the length of time the measurement process takes
and avoids the need for the switches 135, 136.

[0078] To assist with accurate cancellation of the in-
ductive coupling effect, it is typical to ensure that each
lead in a lead pair 525A, 525B; 526A, 526, has a similar
responsiveness to the inductive coupling effect. This can
be achieved by ensuring the impedance of each of the
leads in a lead pair 525A, 525B; 526A, 526 and the as-
sociated buffer circuits 545A, 545B; 546A, 546B are
matched as closely as possible. As this can increase the
complexity and cost of manufacture, in some examples
it may be preferred to use the apparatus of Figure 1 whilst
in other situations, the apparatus of Figure 5 may be more
suitable.

[0079] In any event, by independently measuring volt-
ages induced in the leads separately to measuring the
voltage induced in the subject, the above described proc-
ess allows for inductive coupling between signal supply
and signal measurement leads to be accounted for. This
helps improve the accuracy of the measurement process
and hence the accuracy of any determined impedance
values or biological indicators.

[0080] A further example of apparatus for analysis of
a subject’s bioelectric impedance will now be described
with reference to Figure 6.

[0081] As shown the apparatus includes a measuring
device 600 including a processing system 602, connect-
ed to one or more signal generators 617A, 617B, via re-
spective first leads 623A, 623B, and to one or more sen-
sors 618A, 618B, via respective second leads 625A,
625B. As in the example of Figure 1, the connection may
be via a switching device, such as a multiplexer, although
this is not essential.

[0082] In use, the signal generators 617A, 617B are
coupled to two first electrodes 613A, 613B, which there-
fore act as drive electrodes to allow signals to be applied
to the subject S, whilst the one or more sensors 618A,
618B are coupled to the second electrode 615A, 615B
which therefore act as sense electrodes.

[0083] The signal generators 617A, 617B and the sen-
sors 618A, 618B may be provided at any position be-
tween the processing system 602 and the electrodes
613A, 613B, 615A, 615B, and may therefore be integrat-
ed into the measuring device 600. However, in one ex-
ample, the signalgenerators 617A,617B and the sensors
618A, 618B are integrated into an electrode system, or
another unit provided near the subject S, with the leads
623A, 623B, 625A, 625B connecting the signal genera-
tors 617A, 617B and the sensors 618A, 618B to the
processing system 602.

[0084] It will be appreciated that the above described
system is a two channel device, with each channel being
designated by the suffixes A, B respectively. The use of
a two channel device is for the purpose of example only,
as will be described in more detail below.

[0085] An optional external interface 603 can be used
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to couple the measuring device 600, via wired, wireless
or network connections, to one or more peripheral devic-
es 604, such as an external database or computer sys-
tem, barcode scanner, orthelike. The processing system
602 will also typically include an I/O device 605, which
may be of any suitable form such as a touch screen, a
keypad and display, or the like.

[0086] In use, the processing system 602 functions in
a similar manner to the processing system 102 of Figure
1, and is therefore adapted to generate control signals,
which cause the signal generators 617A, 617B to gen-
erate one or more alternating signals, such as voltage or
current signals of an appropriate waveform, which can
be applied to a subject S, via the first electrodes 613A,
613B. The sensors 618A, 618B then determine the volt-
age across or current through the subject S, using the
second electrodes 615A, 615B and transfer appropriate
signals to the processing system 602.

[0087] Accordingly, it will be appreciated that the
processing system 602 may be any form of processing
system which is suitable for generating appropriate con-
trol signals and at least partially interpreting the meas-
ured signals to thereby determine the subject’s bioelec-
trical impedance, and optionally determine other infor-
mation such as the presence, absence or degree of oede-
ma, or the like.

[0088] The processing system 602 may therefore be
a suitably programmed computer system, such as a lap-
top, desktop, PDA, smart phone or the like. Alternatively
the processing system 602 may be formed from special-
ised hardware, such as an FPGA (field programmable
gate array), or a combination of a programmed computer
system and specialised hardware, or the like, as will be
described in more detail below.

[0089] In use, the first electrodes 613A, 613B are po-
sitioned on the subject to allow one or more signals to
be injected into the subject S. The location of the first
electrodes will depend on the segment of the subject S
under study. Thus, forexample, the first electrodes 613A,
613B can be placed on the thoracic and neck region of
the subject S to allow the impedance of the chest cavity
to be determined for use in cardiac function analysis.
Alternatively, positioning electrodes on the wrist and an-
kles of a subject allows the impedance of limbs and/or
the entire body to be determined, for use in oedema anal-
ysis, or the like.

[0090] Once the electrodes are positioned, one or
more alternating signals are applied to the subject S, via
the first leads 623A, 623B and the first electrodes 613A,
613B, in a manner similar to that described above.
[0091] Thus, the measuring device 600 may either ap-
ply an alternating signal at a single frequency, at a plu-
rality of frequencies simultaneously, or a number of al-
ternating signals at different frequencies sequentially,
depending on the preferred implementation. The fre-
quency or frequency range of the applied signals may
also depend on the analysis being performed.

[0092] Inoneexample, the applied signal is generated
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by a voltage generator, which applies an alternating volt-
age to the subject S, although alternatively current sig-
nals may be applied. In one example, the voltage source
is typically symmetrically and/or differentially arranged,
with each of the signal generators 617A, 617B being in-
dependently controllable, to allow the potential across
the subject to be varied.

[0093] A potential difference and/or current is meas-
ured between the second electrode 615A, 615B. In one
example, the voltage is measured differentially, meaning
that each sensor 618A, 618B is used to measure the
potential at each second electrode 615A, 615B and
therefore need only measure half of the potential as com-
pared to a single ended system.

[0094] The measured signal can then be analysed as
described above to allow impedance measurements to
be determined.

[0095] The accuracy of the measurement of imped-
ance can be subject to a number of other external factors,
in addition to the inductive coupling described above.
These can include, for example, the effect of capacitive
coupling between the subject and the surrounding envi-
ronment, as well as between the leads and the subject,
which will vary based on factors such as lead construc-
tion, lead configuration, subject position, or the like. Ad-
ditionally, there are typically variations in the impedance
of the electrical connection between the electrode sur-
face and the skin (known as the "electrode impedance"),
which can depend on factors such as skin moisture lev-
els, melatonin levels, or the like. It can also be caused
by different electrode sizes and pressure on the elec-
trodes. A further source of error is the presence of induc-
tive coupling between different electrical connections
within the leads, or between the leads themselves.
[0096] Such external factors can lead to inaccuracies
in the measurement process and subsequent analysis
and accordingly, it is desirable to be able to reduce the
impact of external factors on the measurement process.
[0097] Ascertain external factors, such as parasitic ca-
pacitances and inductive coupling, will affect the signals
within each of the leads, it is preferable to perform the
impedance measurements in such a way that the applied
signal results in a symmetrical voltage about the sensing
electrodes. The reason for this is that if the voltages
sensed at the electrodes are unsymmetrical (a situation
referred to as an "imbalance"), then differences in the
magnitude of signals within the leads can lead to differing
effects due to noise and interference.

[0098] Forexample, animbalance will resultin smaller
voltage signals in one of the sets of leads, which can be
more adversely effected by noise and other external ef-
fects. Thus, if this voltage is sufficiently small, it can be
swamped by voltages arising due to inductive effects, or
the like. Additionally, larger voltages in one of the leads
can lead to larger parasitic capacitances and inductive
coupling associated with that respective lead. These ef-
fects can therefore lead to a reduced accuracy for any
resulting calculated impedance.
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[0099] Animbalance can arise due to a number of dif-
ferent reasons, for example if there are different contact
impedances between the electrodes and the subject, as
well as if there are different contact areas, contact pres-
sures, or the like, and it will be appreciated that issues
such as this can be difficult avoid.

[0100] The presence of an imbalance, where the po-
tential across the subject is not symmetrical with respect
to the effective centre of the subject, leads to a "common
mode" signal, which is effectively a measure of the signal
at the subject that is unrelated to the subject’s imped-
ance.

[0101] To help reduce this effect, it is therefore desir-
able for signals to be applied to the subject so that they
result in a symmetrical voltage about the sensing elec-
trodes. This typically means that the reference voltage
of the measurement apparatus will be close to the effec-
tive centre point of the subject, as considered relative to
the electrode placement.

[0102] In one example, a symmetrical voltage about
the sensing electrodes can be achieved by using a sym-
metrical voltage source, such as a differential bidirection-
al voltage drive scheme, which applies a symmetrical
voltage to each of the drive electrodes 613A, 613B. How-
ever, this is not always effective if the electrode imped-
ances for the two drive electrodes 613A, 613B are un-
matched, which is typical in a practical environment.
[0103] In one example, the apparatus overcomes this
by adjusting the differential drive voltages applied to each
of the drive electrodes 613A, 613B, to compensate for
the different electrode impedances, and thereby restore
the desired symmetry of the voltage at the sense elec-
trodes 615A, 615B. This process is referred to herein as
balancing and in one example, helps reduce the magni-
tude of the common mode signal, and hence reduce cur-
rent losses caused by parasitic capacitances associated
with the subject.

[0104] The degree of imbalance, and hence the
amount of balancing required, can be determined by
monitoring the signals at the sense electrodes 615A,
615B, and then using these signals to control the signal
applied to the subject via the drive electrodes 613A,
613B. In particular, the degree of imbalance can be cal-
culated using the voltages detected at the sense elec-
trodes 615A, 615B.

[0105] Inone example, the voltages sensed at each of
the sense electrodes 615A, 615B are used to calculate
a first voltage, which is achieved by combining or adding
the measured voltages.

[0106] Thus,thefirstvoltage can be anadditive voltage
(commonly referred to as a common mode voltage or
signal) which can be determined using a differential am-
plifier.

[0107] In this regard, a differential amplifier is typically
used to combine two sensed voltage signals V,, V,, to
determine a second voltage, which in one example is a
voltage differential V-V, across the points of interest on
the subject, which is used in conjunction with a meas-
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urement of the current flow through the subject to derive
impedance values. However, some differential amplifiers
provide a "common mode" signal (V,+V,)/2, which is a
measure of the common mode voltage.

[0108] Whilst some differential amplifiers include a
common mode rejection capability, this is generally of
only finite effect and typically reduces in effectiveness at
higher frequencies, so a large common mode signal will
produce an error signal superimposed on the differential
signal.

[0109] By determining the magnitude of the common
mode signal, the applied voltages can then be adjusted,
for example by adjusting the relative magnitude and/or
phase of the applied signal, to thereby minimise the com-
mon mode signal and substantially eliminate any imbal-
ance.

[0110] An example of the operation of the apparatus
of Figure 6 to perform this will now be described with
reference to Figure 7.

[0111] Atstep 700, a signal is applied to the subject S,
via the first electrodes 613A, 613B, with the voltage sig-
nals measured across the subject S being determined at
step 710. This will typically be achieved using the tech-
niques outlined above.

[0112] At step 720, any imbalance is determined by
the processing system 602 using the first voltage derived
from the potentials measured at each of the second elec-
trodes 615A, 615B, which in one example represents a
common mode signal

[0113] At step 730, the measuring device 600 option-
ally adjusts the signal applied to the subject S, so as to
reduce the imbalance and hence the magnitude of any
common mode signal. Thus, the signal applied at either
one of the first electrodes 613A, 613B can be adjusted,
for example by increasing or decreasing the relative sig-
nal magnitudes and/or altering the relative signal phases,
so as to balance the signal within the subject and cen-
tralise the position of the reference potential within the
subject, relative to the electrode positioning.

[0114] Atstep 740, the measuring device can then de-
termine the signal applied to the subject and the poten-
tials measured at the electrodes 613A, 613B, thereby
allowing an impedance to be determined at step 750.
[0115] As the position of the reference is impedance
dependent, then the position of the reference potential
within the subject, and hence the imbalance will typically
vary depending on the frequency of the applied signal.
Accordingly, in one example, it is typical to determine the
imbalance and adjust the applied signal at each applied
frequency. However, this may depend on the particular
implementation.

[0116] A specific example of the apparatus will now be
described in more detail with respect to Figure 8.
[0117] In this example, the measuring system 800 in-
cludes acomputer system 810 and a separate measuring
device 820. The measuring device 820 includes a
processing system 830 coupled to an interface 821 for
allowing wired or wireless communication with the com-
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puter system 810. The processing system 830 may also
be optionally coupled to one or more stores, such as dif-
ferent types of memory, as shown at 822, 823, 824, 825,
826.

[0118] In one example, the interface is a Bluetooth
stack, although any suitable interface may be used. The
memories can include a boot memory 822, for storing
information required by a boot-up process, and a pro-
grammable serial number memory 823, that allows a de-
vice serial number to be programmed. The memory may
also include a ROM (Read Only Memory) 824, flash
memory 825 and EPROM (Electronically Programmable
ROM) 826, for use during operation. These may be used
for example to store software instructions and to store
data during processing, as will be appreciated by persons
skilled in the art.

[0119] A number of analogue to digital converters (AD-
Cs) 827A,827B, 828A, 828B and digital to analogue con-
verters (DACs) 829A, 829B are provided for coupling the
processing system 830 to the sensors 618A, 618B and
the signal generators 617A, 617B, as will be described
in more detail below.

[0120] A controller, such as a microprocessor, micro-
controller or programmable logic device, may also be pro-
vided to control activation of the processing system 830,
although more typically this is performed by software
commands executed by the processing system 830.
[0121] An example of the computer system 810 is
shown in Figure 9. In this example, the computer system
810 includes a processor 900, a memory 901, an in-
put/output device 902 such as a keyboard and display,
and an external interface 903 coupled together via a bus
904, as shown. The external interface 903 can be used
to allow the computer system to communicate with the
measuring device 820, via wired or wireless connections,
as required, and accordingly, this may be in the form of
a network interface card, Bluetooth stack, or the like.
[0122] In use, the computer system 810 can be used
to control the operation of the measuring device 820,
although this may alternatively be achieved by a separate
interface provided on the measuring device 800. Addi-
tionally, the computer system can be used to allow at
least part of the analysis of the impedance measure-
ments to be performed.

[0123] Accordingly, the computer system 810 may be
formed from any suitable processing system, such as a
suitably programmed PC, Internet terminal, lap-top,
hand-held PC, smart phone, PDA, server, or the like,
implementing appropriate applications software to allow
required tasks to be performed.

[0124] In contrast, the processing system 830 typically
performs specific processing tasks, to thereby reduce
processing requirements on the computer system 810.
Thus, the processing system typically executes instruc-
tions to allow control signals to be generated for control-
ling the signal generators 617A, 617B, as well as the
processing to determine instantaneous impedance val-
ues.
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[0125] In one example, the processing system 830 is
formed from custom hardware, or the like, such as a Field
Programmable Gate Array (FPGA), although any suita-
ble processing module, such as a magnetologic module,
may be used.

[0126] In one example, the processing system 830 in-
cludes programmable hardware, the operation of which
is controlled using instructions in the form of embedded
software instructions. The use of programmable hard-
ware allows different signals to be applied to the subject
S, and allows different analysis to be performed by the
measuring device 820. Thus, for example, different em-
bedded software would be utilised if the signal is to be
used to analyse the impedance at a number of frequen-
cies simultaneously as compared to the use of signals
applied at different frequencies sequentially.

[0127] The embedded software instructions used can
be downloaded from the computer system 810. Alterna-
tively, the instructions can be stored in memory such as
the flash memory 825 allowing the instructions used to
be selected using either an input device provided on the
measuring device 820, or by using the computer system
810. As a result, the computer system 810 can be used
to control the instructions, such as the embedded soft-
ware, implemented by the processing system 830, which
in turn alters the operation of the processing system 830.
[0128] Additionally, the computer system 810 can op-
erate to analyse impedance determined by the process-
ing system 830, to allow biological parameters to be de-
termined.

[0129] Whilst an alternative arrangement with a single
processing system may be used, the division of process-
ing between the computer system 810 and the process-
ing system 830 can provide some benefits.

[0130] Firstly, the use of the processing system 830
allows the custom hardware configuration to be adapted
through the use of appropriate embedded software. This
in turn allows a single measuring device to be used to
perform a range of different types of analysis.

[0131] Secondly, this vastly reduces the processing re-
quirements on the computer system 810. This in turn
allows the computer system 810 to be implemented using
relatively straightforward hardware, whilst still allowing
the measuring device to perform sufficient analysis to
provide interpretation of the impedance. This can include
for example generating a "Wessel" plot, using the imped-
ance values to determine parameters relating to cardiac
function, as well as determining the presence or absence
of lymphoedema.

[0132] Thirdly, this allows the measuring device 820
to be updated. Thus for example, if an improved analysis
algorithm is created, or an improved current sequence
determined for a specificimpedance measurement type,
the measuring device can be updated by downloading
new embedded software via flash memory 825 or the
external interface 821.

[0133] In use, the processing system 830 generates
digital control signals, which are converted to analogue
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voltage drive signals Vj by the DACs 829, and trans-
ferred to the signal generators 617. Analogue signals rep-
resenting the current of the drive signal /5 applied to the
subject and the subject voltage Vg measured at the sec-
ond electrodes 615A, 615B, are received from the signal
generators 617 and the sensors 618 and are digitised by
the ADCs 827, 828. The digital signals can then be re-
turned to the processing system 830 for preliminary anal-
ysis.

[0134] In this example, a respective set of ADCs 827,
828, and DACs 829 are used for each of two channels,
as designated by the reference numeral suffixes A, B
respectively. This allows each of the signal generators
617A, 617B to be controlled independently and for the
sensors 618A, 618B to be used to detect signals from
the electrodes 615A, 615B respectively. This therefore
represents a two channel device, each channel being
designated by the reference numerals A, B.

[0135] In practice, any number of suitable channels
may be used, depending on the preferred implementa-
tion. Thus, for example, it may be desirable to use a four
channel arrangement, in which four drive and four sense
electrodes are provided, with a respective sense elec-
trode and drive electrode pair being coupled to each limb.
In this instance, it will be appreciated that an arrangement
of eight ADCs 827, 828, and four DACs 829 could be
used, so each channel has respective ADCs 827, 828,
and DACs 829. Alternatively, other arrangements may
be used, such as through the inclusion of a multiplexing
system for selectively coupling a two-channel arrange-
ment of ADCs 827, 828, and DACs 829 to a four channel
electrode arrangement, as will be appreciated by persons
skilled in the art.

[0136] Anexample of the functionality implemented by
the processing system 830 will now be described with
reference to Figure 10. In this example the processing
system 830 implements the functionality using appropri-
ate software control, although any suitable mechanism
may be used.

[0137] In this example the processing system 830 in-
cludes a timing and control module 1000, a messaging
module 1001, an analysis module 1002, sine wave look
up tables (LUTs) 1003, 1004, a current module 1005,
and a voltage module 1006.

[0138] In use, the processing system 830 receives in-
formation representing the frequency and amplitude of
signals to be applied to the subject S from the computer
system 810, via the external interface 821. The timing
and control module 1000 uses this information to access
the LUTs 1003, 1004, which in turn cause a digital sine
wave signal to be produced based on the specified fre-
quency and amplitude. The digital voltage signals are
transferred to the DAC’s 829A, 829B, to thereby allow
analogue voltage drive signals Vp, to be produced.
[0139] Measuredanalogue voltage and currentsignals
Vs, Is are digitised by the ADC’s 827, 828 and provided
to the current and voltage modules 1005, 1006. This al-
lows the processing system 830 to determine the current
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flow by having the current module 1005 determine the
total current flow through the subject using the two current
signals /g, with an indication of this being provided to the
analysis module 1002. The voltage module 1006, which
is typically in the form of a differential voltage amplifier,
or the like, operates to determine a differential voltage,
which is also transferred to the analysis module 1002,
allowing the analysis module to determine impedance
values using the current and differential voltage signals.
[0140] In addition to this, the voltage module 1006 de-
termines a common mode voltage (i.e. a common mode
signal), which is returned to the timing and control module
1000. This allows the timing and control module 1000 to
determine any imbalance in the voltage sensed at the
subject, which as mentioned above is indicative of the
device reference potential not being positioned centrally
within the subject with respect to the electrodes.

[0141] If the degree of imbalance is unacceptable, the
timing and control module 1000 can adjust the relative
amplitude and/or phase of the sine waves representing
the voltage drive signals Vp as will be described below,
allowing a new imbalance to be determined.

[0142] Oncetheimbalance is determined to be accept-
able the timing and control module 1000 can provide an
indication of this to the analysis module 1002, allowing
this to use appropriate analysis, such as phase quadra-
ture extraction, to determine a ratio and phase difference
for the measured impedance, based on the current flow
through the subject and the differential voltage signals.
The ratio and phase can then be transferred to the mes-
saging module 1010 allowing an indication of measured
impedance to be provided to the computer system 810
via the interface 821.

[0143] The processing system 830 may also imple-
ment a signal level fault detection module 1008. This
monitors the magnitude of signals applied to the subject
to determine if these are within acceptable threshold lev-
els. If not, the fault detection module 1008 can cause a
message to be transferred to the computer system 810
to allow the process to be halted or to allow an alert to
be generated.

[0144] An example of the process for performing im-
pedance measurements will now be described with ref-
erence to Figure 11A to 11C.

[0145] At step 1100 the computer system 810 is used
to select an impedance measurement type, with this trig-
gering the computer system 810 to cause desired instruc-
tions, such as embedded software, to be implemented
by the processing system 830. It will be appreciated that
this may be achieved in a number of manners, such as
by downloading required embedded software from the
computer system 810 to the processing system 830 or
alternatively by having the processing system 830 re-
trieve relevant embedded software from internal memory
or the like.

[0146] At step 1110 the computer system 810 or the
processing system 830 selects a next measurement fre-
quency f; allowing the processing system 830 to gener-

10

15

20

25

30

35

40

45

50

55

12

ate a sequence of digital voltage control signals at step
1115, as described above. The digital control signals are
converted to analogue voltage signals Vpusing the DACs
829A, 829B at step 1120, allowing the analogue control
signals to be provided to each of the voltage sources
617A, 617B at step 1125. At this point each voltage
source 617A, 617B generates respective voltage signals
and applies these to the subjects at step 1130, via the
respective drive electrodes 613A, 613B.

[0147] At step 1135 the voltage induced across the
subjectis detected viathe sense electrodes, 615A,615B,
using the sensors 618A, 618B, with the sensed voltage
signals Vg being digitised by the corresponding ADC
827A, 827B at step 1140. At step 1145, simultaneously
with this, the current applied to the subject /g, by way of
application of the voltage signal, is measured using the
signal generators 617A, 617B. An indication of the cur-
rentinjected into the subject /5 is transferred to the ADCs
828A, 828B for digitisation at step 1150.

[0148] At step 1155 the digitised current and voltage
signals Is, Vp are received by the processing system 830
allowing the processing system 830 to determine the
magnitude of the applied current at step 1160. This may
be performed using the current module 1005 in the above
described functional example of Figure 10, allowing the
fault detection module 1008 to compare the total current
flow through the subject to a threshold at step 1165. If it
is determined that the threshold has been exceeded at
step 1170 then the process may terminate with an alert
being generated at step 1175.

[0149] This situation may arise, for example, if the de-
vice is functioning incorrectly, or there is a problem with
connections of electrodes to the subject, such as if one
is not in correct electrical contact with the subject’s skin.
Accordingly, the alert can be used to trigger a device
operator to check the electrode connections and/or de-
vice operation to allow any problems to be overcome. It
will be appreciated, that any suitable form of corrective
action may be taken such as attempting to restart the
measurement process, reducing the magnitude of the
current through the subject, or the like.

[0150] At step 1180 the processing system 830 oper-
ates to determine a common mode voltage based on the
voltage potential sensed at each of the electrodes 615A,
615B, and this is typically achieved using the voltage
processing module 1006 in the above functional exam-
ple. The common mode voltage or common mode signal
is then used to determine any imbalance at step 1185.
[0151] At step 1190 an assessment is made as to
whether the imbalance is acceptable, and it will be ap-
preciated that this may be achieved in any one of a
number of ways, such as by comparing the amplitude of
the common mode signal to a threshold, or the like. The
threshold will generally be previously determined and
stored in one of the memories 824, 825, 826, for example
during device manufacture or calibration.

[0152] In the event that the imbalance is deemed to
not be acceptable, then at step 1195 the processing sys-
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tem 830 modifies the digital control signals to reduce the
imbalance. This is typically achieved by having the
processing system 830 implement an algorithm that ad-
justs the applied signal to maintain the common mode
voltage at the centre of the body as close to the electron-
ics reference or ground potential as possible. This gen-
erally involves adjusting the amplitude and/or phase of
the voltage signals applied to the subject, using the al-
gorithm. The nature of this adjustment will depend on the
nature of the imbalance, as will be appreciated by per-
sons skilled in the art.

[0153] The process can then return to step 1120 to
allow the modified control signals to be converted to an-
alogue signals using DACs 824, with a modified voltage
signal being applied to one or each of the electrodes
613A, 613B. This process is repeated until an acceptable
offset is achieved.

[0154] Once an acceptable balance is achieved, the
processing system 830 operates to determine the differ-
ential voltage sensed across the subject at step 1200. In
the functional example described above with respect to
Figure 10, this can be achieved using the differential volt-
age module 1006.

[0155] At step 1205 the processing module 830 oper-
ates to determine ratio and phase signals, representing
the impedance of the subject S, at the applied frequency
f;using the current and differential voltage signals. In the
above functional example, this can be performed using
the analysis module, and some form of signal analysis,
such as phase quadrature analysis, depending on the
preferred implementation. At step 1210, an indication of
the ratio and phase signals are sent to the computer sys-
tem 810 for further processing.

[0156] Once this is completed the process may return
to step 1110 to allow the process to be repeated at a next
measurement frequency f; otherwise if all required fre-
quencies are complete, the measurement process can
terminate, allowing the computer system 810 to analyse
the impedance measurements, and determine required
information, such as any biological indicators, imped-
ance parameters, or the like. The manner in which this
is achieved will depend on the type of analysis being
performed.

[0157] Accordingly, it will be appreciated that by re-
peating the above described process this allows a
number of impedance measurements to be performed
over a range of different frequencies. Furthermore, prior
to atleast one, and more typically, to each measurement,
a check can be performed to ensure that the common
mode of the subject and the device are approximately
matched, thereby reducing inaccuracies in the measure-
ment procedure.

[0158] Figure 12is an example of an electrode system
for a single one of the channels, which incorporates both
a drive electrode 613 and sense electrode 615.

[0159] The electrode system incorporates a first sub-
strate 1250, such as a printed circuit board (PCB), or the
like, having the respective signal generator 617 and sen-
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sor 618 mounted thereon. The general functionality of
the signal generator 617 and sensor 618 are represented
by the components shown. In practice a greater number
of components may be used in a suitable arrangement,
as would be appreciated by persons skilled in the art,
and the components shown are merely intended to indi-
cate the functionality of the signal generator and the sen-
sor 617, 618.

[0160] The substrate 1250 and associated compo-
nents may be provided in a suitable housing to protect
them during use, as will be appreciated by persons skilled
in the art.

[0161] The signal generator 617 and the sensor 618
are also coupled via respective cables 1261, 1262 to con-
ductive pads 1263, 1265, which may be mounted on a
second substrate 1260, and which form the first and sec-
ond electrodes 613, 615, respectively. It will be appreci-
ated that in use, the cables 1261, 1262 may include clips
or the like, to allow the conductive pads to be easily re-
placed after use. As will be appreciated, the conductive
pads 1263, 1265 are typically formed from a silver pad,
having a conductive gel, such as silver/silver chloride gel,
thereon. This ensures good electrical contact with the
subject S.

[0162] The conductive pads 1263, 1265 may be
mounted on the substrate 1260, so as to ensure that the
conductive pads 1263, 1265 are positioned a setdistance
apart in use, which can help ensure measurement con-
sistency. Alternatively the conductive pads 1263, 1265
can be provided as separate disposable conductive
pads, coupled to the first substrate 260 by cables 1261,
1262. Other suitable arrangements may also be used.
[0163] In one example, the substrate 1260 is formed
from a material that has a low coefficient of friction and/or
is resilient, and/or has curved edges to thereby reduce
the chances of injury when the electrodes are coupled
to the subject.

[0164] In this example, the signal generator 617 in-
cludes an amplifier A4 having an input coupled to a cable
1261. The input is also coupled to a reference potential,
such as ground, via a resistor R;. An output of the am-
plifier A4 is connected via a resistor Ry, to a switch SW,
which is typically a CMOS (complementary metal-oxide
semiconductor) switch that is used to enable the voltage
source. The switch SWis controlled via enabling signals
EN received from the processing system 830 via a cable
1262.

[0165] The switch SWis in turn coupled via two resis-
tors R3, Ry, arranged in series, and then, via the cable
1261, to the conductive pad 1263. A second amplifier A,
is provided with inputs in parallel with the first of the two
series resistor R3 and with an output coupled via aresistor
R, to a cable 1253.

[0166] It will be appreciated from the above that the
cables 1251, 1252, 1253 therefore form the lead 623 of
Figure 6. Arange of different resistor values may be used,
but in one example, the resistors have values of R4 =R,
= R5 = 50Q, and R; = R4 = 1500Q.
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[0167] The sensor 618 generally includes an amplifier
A5 having an input connected via a resistor Rg, and the
cable 1262 to the conductive pad 1265. The inputis also
coupled via a resistor R;, to a reference potential such
as a ground. An output of the amplifier A is coupled to
a cable 1254, via a resistor R;.

[0168] It will be appreciated from the above that the
cable 1254 therefore forms the lead 625 of Figure 6. A
range of different resistor values may be used, butin one
example, the resistors have values of Rg = 1500Q, R; =
10MQ and, Rg = 50Q.

[0169] Optional power cables 1255 can be provided
for supplying power signals +Ve, -Ve, for powering the
signal generator 617 and the sensor 618, although alter-
natively an on board power source such as a battery,
may be used. Additionally, a cable 1256 may be provided
to allow an LED 1257 to be provided on the substrate
260. This can be controlled by the processing system
830, allowing the operating status of the electrode system
to be indicated.

[0170] In use, the amplifier A, operates to amplify the
analogue voltage drive signal Vp and apply this to the
subject S via the cable 1261, so that the applied potential
drives a current through the subject S. It will be appreci-
ated that in use, this will only occur if the switch SWis in
a closed position and the switch SW can therefore be
placed in an open position to isolate the voltage source
from the subject S.

[0171] The current of the signal being applied to the
subject S is detected and amplified using the amplifier
A,, with the amplified current signal /5 being returned to
the processing system 830, along the cable 1253 and
via the ADC 828.

[0172] Similarly, the sensor 618 operates by having
the amplifier A; amplify the potential detected at the sec-
ond electrode 1256, returning the amplified analogue
voltage signal Vg along the cable 1254, to the ADC 827.
[0173] Thecables 1251, 1252,1253, 1254, 1255, 1256
may be provided in a number of different configurations
depending on the preferred implementation. In one ex-
ample, each of the cables 1251, 1252, 1253, 1254, 1255,
1256 are provided in a single lead L, although this is not
essential, and the cables could be provided in multiple
leads.

[0174] As briefly mentioned above, when separate
leads 623, 625, are used for the voltage signal Vs and
the current signal /g, then inductive coupling between the
leads 623, 625 can result in EMFs being induced within
the leads 623, 625. The magnitude of the EMF is de-
pendent on the degree of coupling between the leads
623, 625 and hence their physical separation, and also
increases in proportion to the frequency and amplitude
of the current signal /.

[0175] The EMF induced within the leads 623, 625 re-
sults in an effective EMF across the input of the sensor
618. As aresult, a component of the sensed voltage sig-
nal Vs is due to the induced EMF, which in turn leads to
inaccuracies in the determined voltage signal Vg and the
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current signal /g.

[0176] The effect of inductive coupling varies depend-
ing on the physical separation of the leads 623, 625. Ac-
cordingly, in one example, the effect of inductive coupling
between leads can be reduced by physically separating
the leads as much as possible. Thus, in one example,
the cables 1251, 1252, 1253, 1254, 1255, 1256 are pro-
vided in separate physically separated leads. However,
a problem with this arrangement is that the amount of
inductive coupling will vary depending on the physical
lead geometry, which can therefore vary between meas-
urements. As a result, the magnitude of any inductive
coupling can vary, making this difficult to account for
when analysing the impedance measurements.

[0177] An alternative to using physically separate
leads for each of the cables 1251, 1252, 1253, 1254,
1255, 1256 is to use a single combined lead L. The lead
is formed so that the cables 1251, 1252, 1253, 1254,
1255, 1256 are held in a substantially constant relative
physical configuration. In one example, the leads L are
formed so as to provide a constant geometric arrange-
ment by twisting each of the respective cables together.
However, alternative fabrication techniques could be
used such as making the leads from separate un-insu-
lated shielded cables that are over moulded to maintain
close contact.

[0178] As a result of the constant physical geometry,
any EMF induced along the leads 623, 625. is substan-
tially constant, allowing this to be accounted for during a
calibration process.

[0179] Accordingly, when the measuring device 820 is
initially configured, and in particular, when the algorithms
are generated for analysing the voltage and current sig-
nals Vg, Is, to determine impedance measurements,
these can include factors that take into account the in-
duced EMF. In particular, during the configuration proc-
ess, a measuring device 820 can be used to take meas-
urements from reference impedances, with the resulting
calculations being used to determine the effect of the
induced EMF, allowing this to be subtracted from future
measurements.

[0180] A further source of errors can be caused by var-
iations in the behavioural response of circuitry and other
components used in the electrode system. For example,
although similar components would be used on the elec-
trode systems, manufacturing tolerances associated with
the components, can mean that the components would
exhibit different response to each other under the same
external conditions. It will also be appreciated that the
degree of variation may depend on the frequency at
which a particular measurement is made.

[0181] Again however, any such variations can be ac-
counted for during a calibration process by recording
measurements from reference impedances over a
number of different frequencies.

[0182] To allow the results of any such calibration to
be takeninto accountduring use, it can be usefultorecord
the results of the calibration in such a manner as to allow
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these to be accessed by the measuring device 600 in
use. This can be achieved in any one of a number of
manners.

[0183] Thus, for example, each lead set formed from
the leads and electrode system, could have a respective
identifier: A set of calibration data, indicative of deviations
between the response of the lead set and an expected
or idealised lead set can then be stored associated with
the respective identifier. When the lead set is used with
a measuring device 600, the measuring device 600 can
determine the lead set identifier, either by way of manu-
ally input by an operator, or by automated detection of a
suitable identifier provided as part of the electrode sys-
tem. This then allows the measuring device 600 to access
calibration data, which could therefore be stored sepa-
rately to the measuring device 600, for example on a
remote server.

[0184] As an alternative however, the calibration data
could be stored on the electrode system itself, for exam-
ple using a suitable memory, such as a EEPROM or the
like. In this instance, an additional connection would be
provided between the measuring device 600 and the
electrode system, thereby allowing the measuring device
to poll the memory, and retrieve the calibration data
stored thereon. This would in turn allow the calibration
data to be taken into account when performing measure-
ments.

[0185] A furtherissue with the lead arrangement is that
of capacitive coupling between the respective cables, as
will now be described with respect to Figure 13. For the
purpose of this example, only cables 1251, 1253, 1254
are shown for clarity.

[0186] In this example, the measuring device 820 is
connected to the PCB’s 1250A, 1250B to provide con-
nections for each of the electrodes 613A, 613B, 615A,
615B. As also shown each of the cables 1251, 1253,
1254 have respective shielding 1351, 1353, 1354 pro-
vided thereon. The shielding is used to help prevent cou-
pling between the respective cables 1251, 1253, 1254.
It will therefore be appreciated that the cables 1251,
1253, 1254 are generally formed from a shielded wire
core. In practice, the shielded cables may be 50Q trans-
mission lines, which minimize signal transmission distor-
tion at high frequencies, thereby minimizing errors. In
addition to this, the shields 1351, 1353, 1354 are typically
interconnected at each end, to areference potential such
as a ground, via respective connections 1355, 1356.
[0187] Theuse of shielded and grounded cables in this
fashion helps reduce the effect of capacitive coupling,
helping to further reduce inaccuracies in obtained meas-
urements.

[0188] A further potential issue is that of inductive cou-
pling between the different leads L, as well as capacitive
coupling between the subject and the subject and the
bed. In this regard, parasitic capacitances allow high fre-
quency currents to bypass the intended current path
through the body, resulting in measurement errors. To
take this into account, in one example, the leads L for
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each electrode system can be physically separated as
much as possible and/or provided in an arrangement that
minimises lead length in use. An example of an arrange-
ment for achieving this will now be described with respect
to Figure 14.

[0189] Forthe purpose of this example, the measuring
system provides four measuring channels, designated
by the suffixes A, B, C, D. It will be appreciated that this
can be achieved by using a modified version of the meas-
uring device 820 of Figure 8, in which further ADCs 827,
828 and DACs 829 are provided as briefly described
above.

[0190] In this example, the subject S is laying on a bed
1400, with arms 1431, 1432 positioned by the subject’s
side, and the legs 1433, 1434 resting on a support 1440,
which incorporates the measuring device 820. The sup-
port 940 may be any form of support, but is typically
formed from moulded foam, or the like, which arranges
the subjects with the measuring device 820 positioned
substantially between the subject’s knees. The measur-
ing device 820 is typically incorporated into the support
both to ensure accurate location of the subject relative
to the measuring device 820, and also to protect the sub-
ject S from damage caused by rubbing or other impact
with a housing of the measuring device 820.

[0191] By providing a four channel arrangement, this
allows a respective electrode system to be mounted to
each of the subject’s limbs. Thus, as shown, each limb
1431, 1432, 1433, 1434 has arespective substrate 1260
mounted thereon, to thereby provide a drive and sense
electrode 613, 615 on each wrist and ankle. The elec-
trodes 613, 615, are coupled to respective signal gener-
ators and sensors mounted on the substrates 1250,
which are in turn coupled to the measuring device 820
via respective leads LA, LB, LC, LD.

[0192] The leads are arranged so that each lead LA,
LB, LC, LD extends away from the measuring device 820
in different directions, thereby maximizing the physical
separation of the leads and hence helping to reduce any
inductive coupling therebetween.

[0193] Additionally, the leads LA, LB, LC, LD are pref-
erably adapted to extend perpendicularly from both the
measuring device 820 and the subject S, to thereby fur-
ther reduce the effects of capacitive coupling.

[0194] Furthermore, by having the measuring device
820 positioned near the subject’s knee, this places the
measuring device 820 approximately equi-distant be-
tween the subject’s knees and ankles.

[0195] Thus, by arranging the measuring device 820
towards the lower end of the bed 900, this reduces the
length of leads LA, LB, LC, LD needed to place the elec-
trodes on the wrist and ankle of the subject S, whilst main-
taining substantially equal lead lengths which helps fur-
ther reduce both inductive and capacitive coupling ef-
fects. In this regard, the EMF originating from any induc-
tive coupling effect is proportional to the relevant lead
length. Similarly, capacitive coupling between the leads
(ground) and the subject S, which can create current
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shunt paths, is also minimized.

[0196] It will be appreciated that in this arrangement,
by having four first electrodes and four second electrodes
positioned on the limbs, this allows a range of different
limb and/or whole body impedance measurements to be
performed as described above.

[0197] During the measurement procedure, in general
only two of the channels will be used at any one time. To
achieve this, the other channels will be disabled through
use of the respective switch SW, which forms part of the
electrode system.

[0198] It will be appreciated that the above described
impedance measurement apparatus and method varia-
tions described above with respect to Figures 6 to 14
could be utilised in conjunction with the apparatus and
methods of Figures 1 to 5 to provide further enhanced
measurements. In this arrangement, the techniques
used in any one or more of Figures 6 to 14 are imple-
mented together with the switch 135, 136, to allow induc-
tive coupling between the leads to also be taken into ac-
count using the switching technique. Thus, for example,
the lead geometry of Figure 14 can be used to minimise
inductive coupling between the leads, with any residual
effect being account for using the process described in
Figures 1 to 5. Similarly the system can operate to min-
imise any imbalance using the process of Figure 7, before
accounting for inductive coupling using the method of
Figure 2.

[0199] Similarly, it will be appreciated that the process-
ing system 102 of Figures 1 and 5 can be replaced with
a separate computer system and processing system,
similar to the arrangement of the computer system 810
and processing system 830 of Figure 8.

[0200] Persons skilled in the art will appreciate that nu-
merous variations and modifications will become appar-
ent. All such variations and modifications which become
apparent to persons skilled in the art, should be consid-
ered to fall within the scope of the invention as defined
in the appended claims.

[0201] Thus, for example, it will be appreciated that
features from different examples above may be used in-
terchangeably where appropriate. Furthermore, whilst
the above examples have focussed on a subject such as
a human, it will be appreciated that the measuring device
and techniques described above can be used with any
animal, including but not limited to, primates, livestock,
performance animals, such race horses, or the like.
[0202] The above described processes can be used in
determining biological indicators, which in turn can be
used for diagnosing the presence, absence or degree of
a range of conditions and illnesses, including, but not
limited to oedema, lymphodema, body composition, as
well features of cardiac function, or the like.

[0203] Furthermore, whilstthe above described exam-
ples have focussed on the application of a current signal
to allow a voltage to be measured, this is not essential
and the process can also be used when applying a volt-
age signal to allow a current to be sensed.

)]
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Claims

1. A method for performing impedance measurements
on a subject (S), the method using a processing sys-
tem (102) for carrying out the following steps:

a) causing at least one electrical signal to be
applied to the subject (S) via first leads (123,
124) operatively connected to first electrodes
(113, 114) provided on the subject (S);

b) determining a first indication indicative of at
least one first electrical signal measured via sec-
ond leads (125, 126) operatively disconnected
from second electrodes (115, 116) positioned
on the subject (S) while the at least one electrical
signal is applied to the subject (S) via the first
leads (123, 124);

c) determining a second indication indicative of
at least one second electrical signal measured
via the second leads (125, 126) operatively con-
nected to second electrodes (115, 116) posi-
tioned on the subject (S) while the at least one
electrical signal is applied to the subject (S) via
the first leads (123, 124); and,

d) determining at least one instantaneous im-
pedance value from the first indication, the sec-
ond indication and the at least one applied sig-
nal, to thereby accountforinductive coupling be-
tween the first and second leads.

2. A method according to claim 1, wherein the second
leads (125, 126) are connected to the second elec-
trodes (115, 116) via respective switches (135, 136),
and wherein the method includes using the process-
ing system (102) for causing the switches (135, 136)
to be selectively opened and closed to allow the first
and second indications to be determined.

3. A method according to claim 2, wherein the method
includes using the processing system (102) for car-
rying out the following steps:

a) opening the switches (135, 136);

b) determining the first indication;

¢) closing the switches (135, 136); and,
d) determining the second indication.

4. A method accordingto claim 1, wherein each second
lead (125, 126) includes a lead pair (525A, 525B and
526A, 526B), and wherein each lead pair (525A,
525B and 526A, 526B) includes a lead (525A, 526A)
operatively connected to the second electrodes
(115, 116) and a lead (525B, 526B) operatively dis-
connected to the second electrodes (115, 116), and
wherein the method includes using the processing
system (102) for carrying out the following steps:

a) determining the first indication using the lead
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(525B, 526B) operatively disconnected to the
second electrodes (115, 116); and,

b) determining the second indication using the
lead (525A, 526A) operatively connected to the
second electrodes (115, 116).

5. A method according to claim 1, wherein the method

includes using the processing system (102) for car-
rying out the following steps:

a) determining a number of frequencies;

b) selecting a next frequency from the number
of frequencies;

c) causing the at least one electrical signal to be
applied to the subject (S) at the selected fre-
quency;

d) determining the first and second indications;
and,

e) repeating steps (b), (c) and (d) for each of the
number of frequencies.

A method according to claim 5, wherein the method
includes using the processing system (102) for car-
rying out the following steps:

a) determining at least one impedance meas-
urement to be performed; and,

b) determining the number of frequencies using
the determined impedance measurement.

A method according to claim 5, wherein the method
includes using the processing system (102) for car-
rying out the following steps:

a) determining an indication of the at least one
signal applied to the subject (S); and,

b) determining the at least one instantaneous
impedance value using the determined indica-
tion.

A method according to claim 1, wherein the method
includes using the processing system (102) for car-
rying out the following steps:

a) modifying the second indication using the first
indication; and,

b) using the modified second indication to de-
termine the at least one instantaneous imped-
ance value.

A method according to claim 1, wherein the method
includes using the processing system (102) for car-
rying out the following steps:

a) determining at least one first instantaneous
impedance value using the first indication;

b) determining at least one second instantane-
ous impedance value using the second indica-
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tion; and,

c) determining the at least one instantaneous
impedance value using the first and second in-
stantaneous impedance values.

10. A method according to any one of the claims 1 to 9,

wherein the method includes using the processing
system (102) for carrying out the following steps:

a) causing a first signal to be applied to the sub-
ject (S);

b) determining an indication of a second signal
measured across the subject (S);

¢) using the indication of the second signal to
determine any imbalance;

d) determining a modified first signal in accord-
ance with the imbalance;

e) causing the modified first signal to be applied
to the subject to thereby allow at least one im-
pedance measurement to be performed.

11. A method according to claim 10, wherein the second

signalis a voltage sensed at respective second elec-
trodes (115, 116) and wherein the method includes
using the processing system (102) for carrying out
the following steps:

a) determining the voltage sensed at each of the
second electrodes (115, 116);

b) determining a first voltage using the voltage
sensed at each of the second electrodes (115,
116), the first voltage being a common mode
signal;

c¢) determining the imbalance using the first volt-
age; and,

d) determining the modified first signal so as to
minimise the imbalance.

Patentanspriiche

1.

Verfahren zum Durchflihren von Impedanzmessun-
gen an einem Subjekt (S), wobei das Verfahren ein
Verarbeitungssystem (102) zum Ausfiihren der fol-
genden Schritte beinhaltet:

a) Bewirken, dass wenigstens ein elektrisches
Signal an das Subjekt (S) Uber erste Leitungen
(123, 124) angelegt wird, die mit an dem Subjekt
(S) vorgesehenen ersten Elektroden (113, 114)
operativ verbunden sind;

b) Ermitteln einer ersten Anzeige fiir wenigstens
ein erstes elektrisches Signal, das Uber zweite
Leitungen (125, 126) gemessen wird, die von
an dem Subjekt (S) positionierten zweiten Elek-
troden (115, 116) operativ getrennt ist, wahrend
das wenigstens eine elektrische Signal Gber die
ersten Leitungen (123, 124) an das Subjekt (S)
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angelegt wird;

c) Ermitteln einer zweiten Anzeige fir wenigs-
tens ein zweites elektrisches Signal, das Uber
die zweiten Leitungen (125, 126) gemessen
wird, die mit an dem Subjekt (S) positionierten
zweiten Elektroden (115, 116) operativ verbun-
den sind, wahrend das wenigstens eine elekiri-
sche Signal iber die ersten Leitungen (123, 124)
an das Subjekt (S) angelegt wird; und

d) Ermitteln wenigstens eines momentanen Im-
pedanzwertes anhand der ersten Anzeige, der
zweiten Anzeige und des wenigstens einen an-
gelegten Signals, um dadurch eine induktive
Kopplung zwischen der ersten und zweiten Lei-
tung nachzuweisen.

Verfahren nach Anspruch 1, wobei die zweiten Lei-
tungen (125, 126) mit den zweiten Elektroden (115,
116) Uber jeweilige Schalter (135, 136) verbunden
sind und wobei das Verfahren die Verwendung des
Verarbeitungssystems (102) beinhaltet, um zu be-
wirken, dass die Schalter (135, 136) selektiv gedffnet
und geschlossen werden, damit die erste und zweite
Anzeige ermittelt werden kdnnen.

Verfahren nach Anspruch 2, wobei das Verfahren
die Verwendung des Verarbeitungssystems (102)
zum Ausfiihren der folgenden Schritte beinhaltet:

a) Offnen der Schalter (135, 136);

b) Ermitteln der ersten Anzeige;

c) Schlielen der Schalter (135, 136); und
d) Ermitteln der zweiten Anzeige.

Verfahren nach Anspruch 1, wobei jede zweite Lei-
tung (125, 126) ein Leitungspaar (525A, 525B und
526A, 526B) beinhaltet und wobei jedes Leitungs-
paar (525A, 525B und 526A, 526B) eine mit den
zweiten Elektroden (115, 116) operativ verbundene
Leitung (525A, 526A) und eine von den zweiten Elek-
troden (115, 116) operativ getrennte Leitung (525B,
526B) beinhaltet und wobei das Verfahren die Ver-
wendung des Verarbeitungssystems (102) zum Aus-
fuhren der folgenden Schritte beinhaltet:

a) Ermitteln der ersten Anzeige unter Verwen-
dung der Leitung (525B, 526B), die von den
zweiten Elektroden (115, 116) operativ abge-
trennt ist; und

b) Ermitteln der zweiten Anzeige unter Verwen-
dungder Leitung (525A, 526A), die mitden zwei-
ten Elektroden (115, 116) operativ verbunden
ist.

5. Verfahren nach Anspruch 1, wobei das Verfahren

die Verwendung des Verarbeitungssystems (102)
zum Ausfiihren der folgenden Schritte beinhaltet:
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a) Ermitteln einer Reihe von Frequenzen;

b) Auswahlen einer ndchsten Frequenz aus der
Anzahl von Frequenzen;

c) Bewirken, dass das wenigstens eine elektri-
sche Signal an das Subjekt (S) mit der gewahl-
ten Frequenz angelegt wird;

d) Ermitteln der ersten und zweiten Anzeige; und
e) Wiederholen der Schritte (b), (c) und (d) fur
jede aus der Reihe von Frequenzen.

Verfahren nach Anspruch 5, wobei das Verfahren
die Verwendung des Verarbeitungssystems (102)
zum Ausflihren der folgenden Schritte beinhaltet:

a) Ermitteln von wenigstens einer durchzuflih-
renden Impedanzmessung; und

b) Ermitteln der Anzahl von Frequenzen anhand
der ermittelten Impedanzmessung.

Verfahren nach Anspruch 5, wobei das Verfahren
die Verwendung des Verarbeitungssystems (102)
zum Ausflhren der folgenden Schritte beinhaltet:

a) Ermitteln einer Anzeige des wenigstens einen
Signals, das an das Subjekt (S) angelegt wird;
und

b) Ermitteln des wenigstens einen momentanen
Impedanzwertes anhand der ermittelten Anzei-

ge.

Verfahren nach Anspruch 1, wobei das Verfahren
die Verwendung des Verarbeitungssystems (102)
zum Ausflihren der folgenden Schritte beinhaltet:

a) Modifizieren der zweiten Anzeige anhand der
ersten Anzeige; und

b) Verwenden der modifizierten zweiten Anzei-
ge zum Ermitteln des wenigstens einen momen-
tanen Impedanzwertes.

Verfahren nach Anspruch 1, wobei das Verfahren
die Verwendung des Verarbeitungssystems (102)
zum Ausflihren der folgenden Schritte beinhaltet:

a) Ermitteln von wenigstens einem ersten mo-
mentanen Impedanzwertanhand der ersten An-
zeige;

b) Ermitteln von wenigstens einem zweiten mo-
mentanen Impedanzwert anhand der zweiten
Anzeige; und

c¢) Ermitteln des wenigstens einen momentanen
Impedanzwertes anhand des ersten und zwei-
ten momentanen Impedanzwertes.

Verfahren nach einem der Anspriiche 1 bis 9, wobei
das Verfahren die Verwendung des Verarbeitungs-
systems (102) zum Ausfiihren der folgenden Schritte
beinhaltet:
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a) Bewirken, dass ein erstes Signal an das Sub-
jekt (S) angelegt wird;

b) Ermitteln einer Anzeige eines zweiten Sig-
nals, das Uber das Subjekt (S) gemessen wird;
c) Verwenden der Anzeige des zweiten Signals
zum Ermitteln eines Ungleichgewichts;

d) Ermitteln eines modifizierten ersten Signals
gemal dem Ungleichgewicht;

e) Bewirken, dass das modifizierte erste Signal
an das Subjekt angelegt wird, um es dadurch
zuzulassen, dass wenigstens eine Impedanz-
messung durchgefiihrt wird.

11. Verfahren nach Anspruch 10, wobei das zweite Si-

gnal eine an jeweiligen zweiten Elektroden (115,
116) erfasste Spannung ist und wobei das Verfahren
die Verwendung des Verarbeitungssystems (102)
zum Ausfiihren der folgenden Schritte beinhaltet:

a) Ermitteln der an jeder der zweiten Elektroden
(115, 116) erfassten Spannung;

b) Ermitteln einer ersten Spannung anhand der
an jeder der zweiten Elektroden (115, 116) er-
fassten Spannung, wobei die erste Spannung
ein Gleichtaktsignal ist;

c) Ermitteln des Ungleichgewichts anhand der
ersten Spannung; und

d) Ermitteln des modifizierten ersten Signals,
um das Ungleichgewicht zu minimieren.

Revendications

Procédé pour effectuer des mesures d'impédance
sur un sujet (S), le procédé utilisant un systeme de
traitement (102) pour réaliser les étapes suivantes :

a) provoquer I'application d’au moins un signal
électrique au sujet (S) par I'intermédiaire de pre-
miers cables (123, 124) connectés de fagon
opérationnelle a de premiéres électrodes (113,
114) prévues sur le sujet (S) ;

b) déterminer une premiére indication qui indi-
que au moins un premier signal électrique me-
suré par lintermédiaire de deuxiémes cables
(125, 126) déconnectés de fagon opérationnelle
de deuxiémes électrodes (115, 116) position-
nées sur le sujet (S), pendant que ledit au moins
un signal électrique est appliqué au sujet (S) par
lintermédiaire des premiers cébles (123, 124) ;
c) déterminer une deuxiéme indication qui indi-
que au moins un deuxiéme signal électrique me-
suré par l'intermédiaire des deuxiémes cables
(125, 126) connectés de fagon opérationnelle a
de deuxiémes électrodes (115, 116) position-
nées sur le sujet (S), pendant que ledit au moins
un signal électrique est appliqué au sujet (S) par
lintermédiaire des premiers cébles (123, 124) ;
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et

d) déterminer au moins une valeur d’'impédance
instantanée a partir de la premiére indication,
de la deuxiéme indication et dudit au moins un
signal appliqué pour ainsi tenir compte du cou-
plage inductif entre les premiers et deuxiemes
cables.

Procédé selon la revendication 1, les deuxiémes ca-
bles (125, 126) étant connectés aux deuxiémes élec-
trodes (115, 116) par l'intermédiaire d’interrupteurs
respectifs (135, 136), et le procédé incluant 'utilisa-
tion du systéme de traitement (102) pour obliger les
interrupteurs (135, 136) a étre ouverts et fermés de
fagon sélective pour permettre I'opération consistant
a déterminer les premiére et deuxiéme indications.

Procédé selon larevendication 2, le procédé incluant
I'utilisation du systéme de traitement (102) pour réa-
liser les étapes suivantes :

a) ouvrir les interrupteurs (135, 136) ;
b) déterminer la premiére indication ;
c) fermer les interrupteurs (135, 136) ; et
d) déterminer la deuxieme indication.

Procédé selon la revendication 1, chaque deuxiéme
cable (125, 126) incluant une paire de cables (525A,
525B et 526A, 526B), et chaque paire de cables
(525A, 525B et 526A, 526B) incluant un cable (525A,
526A) connecté de fagon opérationnelle aux deuxie-
mes électrodes (115, 116) et un cable (525B, 526B)
connecté de fagon opérationnelle aux deuxiemes
électrodes (115, 116), et le procédé incluant I'utili-
sation du systéme de traitement (102) pour réaliser
les étapes suivantes :

a) déterminer la premiére indication grace a l'uti-
lisation du cable (525B, 526B) déconnecté de
fagon opérationnelle des deuxiémes électrodes
(115, 116) ; et

b) déterminer la deuxiéme indication grace a
I'utilisation du cable (525A, 526A) connecté de
fagon opérationnelle aux deuxiémes électrodes
(115, 116).

5. Procédéselonlarevendication 1, le procédé incluant

I'utilisation du systéme de traitement (102) pour réa-
liser les étapes suivantes :

a)déterminerun certain nombre de fréquences ;
b) sélectionner une fréquence suivante parmile
nombre de fréquences ;

¢) provoquer I'application dudit au moins un si-
gnal électrique au sujet (S) a la fréquence
sélectionnée ;

d) déterminer les premiére et deuxiéme
indications ; et
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e) répéter les étapes (b), (c) et (d) pour chaque
fréquence parmi le nombre de fréquences.

Procédé selonlarevendication 5, le procédé incluant
I'utilisation du systéme de traitement (102) pour réa-
liser les étapes suivantes :

a) déterminer au moins une mesure d'impédan-
ce devant étre effectuée ; et

b) déterminer le nombre de fréquences grace a
l'utilisation de la mesure d'impédance ayant été
déterminée.

Procédé selonlarevendication 5, le procédé incluant
I'utilisation du systéme de traitement (102) pour réa-
liser les étapes suivantes :

a) déterminer une indication dudit au moins un
signal appliqué au sujet (S) ; et

b) déterminer ladite au moins une valeur d’'im-
pédance instantanée grace a I'utilisation de I'in-
dication ayant été déterminée.

Procédé selonlarevendication 1, le procédé incluant
I'utilisation du systéme de traitement (102) pour réa-
liser les étapes suivantes :

a) modifier la deuxiéme indication grace a l'uti-
lisation de la premiére indication ; et

b) utiliser la deuxieéme indication modifiée pour
déterminer ladite au moins une valeur d'impé-
dance instantanée.

Procédé selonlarevendication 1, le procédé incluant
I'utilisation du systéme de traitement (102) pour réa-
liser les étapes suivantes :

a) déterminer au moins une premiere valeur
d'impédance instantanée grace a I'utilisation de
la premiére indication ;

b) déterminer au moins une deuxiéme valeur
d’'impédance instantanée grace a I'utilisation de
la deuxiéme indication ; et

c) déterminer ladite au moins une valeur d'im-
pédance instantanée grace a l'utilisation des
premiére et deuxiéme valeurs d’'impédance ins-
tantanées.

10. Procédé selon I'une quelconque des revendications

1a9, le procédé incluant I'utilisation du systéme de
traitement (102) pour réaliser les étapes suivantes :

a) provoquer l'application d’'un premier signal au
sujet (S) ;

b) déterminer une indication d’'un deuxieme si-
gnal mesuré chez le sujet (S) ;

c) utiliser l'indication du deuxiéme signal pour
déterminer un quelconque déséquilibre ;
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d) déterminer un premier signal modifié, en con-
formité avec le déséquilibre ;

e) provoquer I'application du premier signal mo-
difié¢ au sujet, pour permettre ainsi I'opération
consistant a effectuer au moins une mesure
d'impédance.

11. Procédé selon la revendication 10, le deuxiéme si-

gnal étantune tension détectée au niveau de deuxie-
mes électrodes respectives (115, 116), etle procédé
incluant I'utilisation du systéme de traitement (102)
pour réaliser les étapes suivantes :

a) déterminer la tension détectée au niveau de
chacune des deuxiémes électrodes (115, 116) ;
b) déterminer une premiére tension grace a l'uti-
lisation de la tension détectée au niveau de cha-
cune des deuxiémes électrodes (115, 116), la
premiére tension étant un signal en mode
commun ;

c) déterminer le déséquilibre grace a I'utilisation
de la premiere tension ; et

d) déterminer le premier signal modifié de sorte
a minimiser le déséquilibre.
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