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(57)  An electronic system (100) for bioimpedance
signal acquisition, comprises: a current signal injection
module (10) configured for generating a current signal
(S1) to be applied to a subject; a bioimpedance signal
measurement module (20) configured for measuring a
bioimpedance signal (S2) based on a voltage generated
by the current signal (S1); a data quality detection module
(30) configured for detecting an AC and/or a DC level of
the measured bioimpedance signal (S2) and detecting

whether the AC and/or DC level is within or outside an
AC reference value range and a DC reference value
range, respectively; and a signal adaptation module (40)
configured for modifying at least one parameter of the
current signal injection module (10) and/or the bioimped-
ance signal measurement module (20) based on said
detection of the AC and/or DC level in relation to the AC
reference value range and the DC reference value range,
respectively.
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Description
Technical field

[0001] The present inventive concept relates to a sys-
tem and a method of bioimpedance signal acquisition. In
particular, the present inventive concept relates to en-
suring that a measured bioimpedance signal is acquired
with good data quality.

Background

[0002] Bioimpedance signals are ofincreasing interest
to use for monitoring of health of a subject. A bioimped-
ance signal may be modulated e.g. by breathing of a
subject, and the bioimpedance signal may therefore be
used for respiratory monitoring of the subject. This could
be used for instance in sleep monitoring applications.
[0003] Bioimpedance measurements may be per-
formed with relatively simple equipment causing minimal
or at least low inconvenience to the subject on which the
bioimpedance measurements are performed. Use of bi-
oimpedance measurements are therefore an especially
interesting option in long-term monitoring of health and/or
conditions of a subject and/or in monitoring in a home
environment (outside a hospital setting).

[0004] However, quality of bioimpedance measure-
ments may vary over time. For instance, if the subject
moves or changes posture during bioimpedance meas-
urements, the bioimpedance measurement may be af-
fected, which may cause a decay in signal quality or may
cause saturation of the acquired signal preventing meas-
urement of bioimpedance. Such variations in signal qual-
ity may be particularly occurring in long-term monitoring
applications, such as in sleep monitoring.

[0005] To prevent saturation, bioimpedance measure-
ments may be based on an injected current having a
small amplitude. Thus, the risk of saturation of the bio-
impedance signal may be very low. However, it may be
difficult to extract information from a detected bioimped-
ance signal as a signal-to-noise ratio may be low.

Summary

[0006] An objective of the present inventive conceptis
to provide a system and method for bioimpedance signal
acquisition, allowing acquiring a bioimpedance signal
with high quality even in varying acquisition conditions.
[0007] This and other objects of the present inventive
conceptare atleast partly met by the invention as defined
in the independent claims. Preferred embodiments are
set out in the dependent claims.

[0008] According to a first aspect, there is provided an
electronic system for bioimpedance signal acquisition,
comprising: a current signal injection module configured
for generating a current signal that is to be applied to a
subject; a bioimpedance signal measurement module
configured for measuring a bioimpedance signal based
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on a voltage generated by the current signal applied to
the subject; a data quality detection module configured
for detecting an AC and/or a DC level of the measured
bioimpedance signal and detecting whether the AC
and/or DC level of the measured bioimpedance signal is
within or outside an AC reference value range and a DC
reference value range, respectively; and a signal adap-
tation module configured for modifying at least one pa-
rameter of the current signal injection module and/or the
bioimpedance signal measurement module based on
said detection whether the AC and/or DC level of the
measured bioimpedance signal is within or outside an
AC reference value range and a DC reference value
range, respectively.

[0009] Thanks totheinvention,adecayinsignal quality
may be identified. Further, based on such identification,
settings of bioimpedance signal acquisition may be al-
tered, which may allow the bioimpedance measurement
to continuously be acquired with high data quality. Thus,
the system allows using adaptive settings for bioimped-
ance signal acquisition in order to dynamically alter the
system to maintain high data quality.

[0010] The use of adaptive settings of the bioimped-
ance signal acquisition may affect AC and/or DC levels
of the measured bioimpedance signal. This implies that,
in analysis of the measured bioimpedance signal, cor-
rection for the change in AC and/or DC level may be
necessary in order to make relevant conclusions based
on the measured bioimpedance signal. If, for instance, a
gain of the measured bioimpedance signal or an ampli-
tude of the generated current signal is changed, this may
be corrected for and an absolute value of the measured
bioimpedance signal may still be used. However, for oth-
er modified parameters, such as a frequency of the gen-
erated current signal or a change of electrodes being
included in an electrode pair for measuring the bioimped-
ance signals, the measured bioimpedance signal for dif-
ferent settings may not be compared in absolute terms.
However, in many scenarios, an absolute value of the
measured bioimpedance signal is not relevant or insig-
nificant. For instance, if a frequency or a relative value
is to be extracted, the absolute value of the measured
bioimpedance signal may not be relevant. Therefore, the
use of adaptive settings of the bioimpedance signal ac-
quisition may for instance be suitable in respiration mon-
itoring, where e.g. a respiration rate is to be determined.
[0011] According to one embodiment, the signal adap-
tation module may be configured for modifying at least
one parameter of the current signal injection module. Ac-
cording to another embodiment, the signal adaptation
module may be configured for modifying at least one pa-
rameter of the bioimpedance signal measurement mod-
ule. According to yet another embodiment, the signal ad-
aptation module may be configured for modifying at least
one parameter of the current signal injection module and
atleast one parameter of the bioimpedance signal meas-
urement module.

[0012] When the signal adaptation module is config-
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ured for modifying more than one parameter of the cur-
rent signal injection module and the bioimpedance signal
measurement module, the signal adaptation module may
be configured for sequentially modifying the parameters.
Thus, a first parameter may first be modified and, if it is
determined that signal quality is still not satisfactory after
one or more modifications of the first parameter, then a
second parameter may be modified.

[0013] According to an alternative, the signal adapta-
tion module may be configured to simultaneously change
two or more parameters for adjusting settings for bioim-
pedance signal acquisition.

[0014] According to an embodiment, the data quality
detection module is configured for detecting an AC level
of the measured bioimpedance signal and detecting
whether the AC level of the measured bioimpedance sig-
nal is within or outside an AC reference value range. The
AC reference value range may be set to define accept-
able AC levels for high quality acquisition, such that de-
tecting that the AC level of the measure bioimpedance
signal is outside the AC reference value range is an in-
dication of a need to modify at least one parameter of
the current injection module and/or the bioimpedance
signal measurement module. Alternatively, the AC refer-
ence value range may be set to define non-acceptable
AC levels for high quality acquisition, such that detecting
that the AC level of the measured bioimpedance signal
is within the AC reference value range is an indication of
a need to modify at least one parameter of the current
injection module and/or the bioimpedance signal meas-
urement module.

[0015] According to an embodiment, the data quality
detection module is configured for detecting a DC level
of the measured bioimpedance signal and detecting
whether the DC level of the measured bioimpedance sig-
nal is within or outside a DC reference value range. The
DC reference value range may be set to define accept-
able DC levels for high quality acquisition, such that de-
tecting that the DC level of the measure bioimpedance
signal is outside the DC reference value range is an in-
dication of a need to modify at least one parameter of
the current injection module and/or the bicimpedance
signal measurement module. Alternatively, the DC ref-
erence value range may be set to define non-acceptable
DC levels for high quality acquisition, such that detecting
that the DC level of the measured bioimpedance signal
is within the DC reference value range is an indication of
a need to modify at least one parameter of the current
injection module and/or the bioimpedance signal meas-
urement module.

[0016] According to an embodiment, the data quality
detection module is configured for detecting both an AC
level of the measured bioimpedance signal and a DC
level of the measured bioimpedance signal. The data
quality detection module may further be configured for
detecting whether the AC level of the measured bioim-
pedance signal is within or outside an AC reference value
range and whether the DC level of the measured bioim-
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pedance signal is within or outside the DC reference val-
ue range. Thus, if the data quality detection module de-
tects that either the AC level or the DC level provides an
indication of a need to modify at least one parameter of
the current injection module and/or the bioimpedance
signal measurement module, such modification may be
performed by the signal adaptation module. However,
modification by the signal adaptation module may alter-
natively be performed only if both the AC level and the
DC level provides an indication of a need to modify at
least one parameter of the current injection module
and/or the bioimpedance signal measurement module.
[0017] According to an embodiment, the AC reference
value range and the DC reference value range are pre-
defined value ranges, value ranges defined by perform-
ing a system calibration, or value ranges defined by per-
forming a parameter modification by the signal adapta-
tion module.

[0018] By the AC reference value range and the DC
reference value range being predefined value ranges,
the system could be taken into use very quickly and there
may not be any need for calibrations or adaptations be-
fore the system is used. The predefined value ranges to
be used may be determined based on input of set-up of
the system and/or the subject on which the system is
used. Thus, several predefined value ranges may be set
based on characteristics such as body mass index (BMI)
of the subject, gender of the subject and/or positioning
of current injection and bioimpedance measurement
electrodes on the subject’s body. Although some input
may be given for selecting an appropriate predefined val-
ue range, there may not be any need of bioimpedance
measurements in order to set the predefined value rang-
es forthe AC reference value range and the DC reference
value range.

[0019] By the AC reference value range and the DC
reference value range being defined by performing a sys-
tem calibration, the system may be set-up to fit the subject
on which the system is to be used. Thus, the system may
allow personalization to be adapted to a specific subject.
This may facilitate the system providing high data quality
for each subject on which it is used. The AC reference
value range and the DC reference value range being de-
fined by performing a system calibration may be stored
in a memory of the system, to allow the calibrated value
ranges to be re-used between different sessions of bio-
impedance measurements on a subject.

[0020] AC reference valuerange and the DC reference
value range may be changed in association with param-
eter modification. For instance, if a parameter modifica-
tion process results in that a best possible signal quality
is not within desired ranges, the AC reference value
range and the DC reference value range may be changed
such that the data quality detection module will not con-
stantly trigger a parameter modification. This may allow
acquiring bioimpedance signal of a relatively high quality.
When it is detected that a higher quality signal may again
be acquired, the AC reference value range and the DC
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reference value range may again be changed for con-
trolling the system to acquire signal quality within desired
ranges.

[0021] The system may be configured to allow the AC
reference value range and the DC reference value range
to be defined in one or more ways of the predefined value
ranges, value ranges defined by performing a system
calibration, and value ranges defined by performing a
parameter modification by the signal adaptation module.
Thus, depending on the situation, the AC reference value
range and the DC reference value range may be defined
in different ways.

[0022] The AC reference value range may relate to the
changes in bioimpedance due to respiration and the DC
reference value range may relate to a change in DC level
of the bioimpedance signal measurement module.
[0023] Thus, the AC reference value range defining
acceptable AC levels may be set based on a desired
minimum level of the bioimpedance signal to enable ac-
quiring respiration information with a high signal-to-noise
ratio. The DC reference value range defining acceptable
DC levels may be set based for avoiding saturation, such
that bioimpedance measurement is not prevented.
[0024] According to an embodiment, the data quality
detection module is configured for sending a control sig-
nal to the signal adaptation module when the AC and/or
DC level of the measured bioimpedance signal is within
or outside the reference value range.

[0025] According to an embodiment, the data quality
detection module is configured for sending a control sig-
nal to the signal adaptation module when the AC level of
the measured bioimpedance signal is within or outside
the reference value range. According to another embod-
iment, the data quality detection module is configured for
sending a control signal to the signal adaptation module
when the DC level of the measured bioimpedance signal
is within or outside the reference value range. According
to yet another embodiment, the data quality detection
module is configured for sending a control signal to the
signal adaptation module when the AC level and the DC
level of the measured bioimpedance signal is within or
outside the reference value range.

[0026] The sending of a control signal from the data
quality detection module may be used as a trigger for the
signal adaptation module. This implies that the signal ad-
aptation module need not be active unless a control sig-
nal is sent.

[0027] Accordingto an embodiment, the control signal
indicates to the signal adaptation module when to start
and stop modifying the at least one parameter of the cur-
rentsignal injection module and/or the bioimpedance sig-
nal measurement module.

[0028] The control signal may indicate to the signal ad-
aptation module that parameter modification may be
needed so that the signal adaptation module may be trig-
gered to start modifying the at least one parameter of the
current signal injection module and/or the bioimpedance
signal measurement module.
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[0029] During parameter modification, the bioimped-
ance signal measurement module may continuously
measure the bioimpedance signal and the data quality
detection module may continuously detect the AC and/or
DC level and whether the AC and/or DC level is within
or outside the AC reference value range and/or the DC
reference value range, respectively. If the data quality
detection module finds that the AC level and/or DC level
is again within an acceptable range (or outside an unac-
ceptable range), the data quality detection module may
send the control signal to the signal adaptation module
to stop parameter modification.

[0030] The parameter modification may be stopped
based on signal quality being acceptable. Alternatively
or additionally, a maximum time for a parameter modifi-
cation process may be defined. Thus, during parameter
modification, a control whether the maximum time has
passed may be performed and, if so, the parameter mod-
ification may be stopped, even if the signal quality has
not reached an acceptable level. The value(s) of the at
least one parameter giving best data quality may then be
used, when parameter modification is stopped based on
the maximum time having passed.

[0031] The signal adaptation module may be config-
ured to receive a control signal based on a maximum
time having passed in order to stop parameter modifica-
tion. However, according to an alternative, the signal ad-
aptation module may itself check whether the maximum
time has passed in order to stop parameter modification.
[0032] During parameter modification, the bioimped-
ance signal may not be usable or may be of lower data
quality. Thus, the use of a maximum time may ensure
that parameter modification does not cause a very long
duration of bioimpedance signal of unusable or low qual-
ity. Hence, by stopping the parameter modification after
the maximum time has passed, a relatively high quality
may be acquired based on the value(s) of the at least
one parameter giving best data quality. This implies that
a period during which analysis of the bioimpedance sig-
nal may be prevented, may not be allowed to be too long.
If data quality using these value(s) remains below desired
levels, anew parameter modification may be started after
aperiod of time, such that data analysis has atleast been
allowed during a time interval between successive pa-
rameter modifications.

[0033] According to an embodiment, the data quality
detection module is configured for detecting a subjects’
respiratory event before sending the control signal to the
signal adaptation module to start parameter modification.
[0034] A respiratory event, such as hypopnea, shallow
breathing and apnea, may cause e.g. an amplitude of an
AC level of the bioimpedance signal to be decreased.
However, it is not desired that parameter modification is
performed due to the respiratory event, as it may require
new parameter modification within a short period of time
when breathing returns to normal again. By determining
whether a respiratory event has occurred/is occurring,
parameter modification may be prevented. The respira-
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tory event may be determined based on input from a sep-
arate sensor, which may e.g. measure whether any chest
movement occurs for detecting apnea.

[0035] According to another embodiment, when de-
tecting that the AC and/or DC level of the measured bi-
oimpedance signal is within or outside an AC reference
value range and a DC reference value range, respective-
ly, the data quality detection module may monitor data
quality for a period of time and, the signal adaptation
module is configured for modifying atleast one parameter
of the current signal injection module and/or the bioim-
pedance signal measurement module based on detect-
ing that the AC and/or DC level of the measured bioim-
pedance signal remains within or outside an AC refer-
ence value range and a DC reference value range, re-
spectively, during the period of time.

[0036] Hence, by waiting a period of time before start-
ing parameter modification, adaptation due to a tempo-
rary respiratory event may be avoided. A length of the
period of time that data quality is monitored may be set
sufficiently long to cover the duration of the respiratory
event, but nottoo long so as to minimize the time duration
before parameter modification is started, when parame-
ter modification is actually needed. According to one em-
bodiment, the period of time may be set within a range
of 50-180 seconds. In an embodiment, the period of time
may be set to 60 seconds. When eventually taking a de-
cision to start parameter modification, the decision may
take into account the measured bioimpedance signal dur-
ing the period of time.

[0037] According to an embodiment, the signal adap-
tation module is configured for modifying an amplitude
of the generated current signal, a frequency of the gen-
erated current signal, a gain of the measured bioimped-
ance signal and/or electrodes to be included in an elec-
trode pair for measuring the bioimpedance signal.
[0038] One or more of these parameters may advan-
tageously be used for adaptation of the bioimpedance
signal acquisition.

[0039] The bioimpedance signal may be measured as
a voltage between two positions, which voltage is based
on the injected current and an impedance between the
two positions. Thus, the bioimpedance signal may be lin-
early dependent on the injected current and on the bio-
impedance.

[0040] The amplitude of the generated current signal
may directly affect an amplitude of the measured bioim-
pedance signal. Thus, by increasing the amplitude of the
generated current signal, an amplitude of the measured
bioimpedance signal may also be increased. Similarly,
by decreasing the amplitude of the generated current sig-
nal, an amplitude of the measured bioimpedance signal
may also be decreased.

[0041] The impedance of tissue may be dependent on
a frequency of a current signal. Thus, by changing the
frequency of the current signal, the bioimpedance may
be changed, which may cause an amplitude of the meas-
ured bioimpedance signal to change. A relation between
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the magnitude of measured bioimpedance signal and the
frequency of the current signal may be expressed by a
Cole-Cole plot, forming a semi-circular relation between
the resistance and reactance parts of the measured bi-
oimpedance signal at differentfrequencies. Typically, the
resistance value of bioimpedance may decrease with in-
creasing frequency. On the other hand, the reactance
value of bioimpedance may decrease or increase with
increasing frequency depending on tissue characteris-
tics. Therefore, changing the frequency of the current
signal may affect the measured bioimpedance signal,
and an effect of a change of the frequency may depend
on the positions on a Cole-Cole plot at the initial and new
frequency.

[0042] The gain of the measured bioimpedance signal
used by the bioimpedance signal measurement module
may directly affect an amplitude of the measured bioim-
pedance signal. Thus, by increasing the gain, an ampli-
tude of the measured bioimpedance signal may also be
increased. Similarly, by decreasing the gain, an ampli-
tude of the measured bioimpedance signal may also be
decreased.

[0043] The system may be set up such that a bioim-
pedance signal may be received from one or more elec-
trode pairs selected from a number of electrodes. Thus,
the bioimpedance signal may change depending on
which electrodes are active. The signal adaptation mod-
ule may be configured for modifying which electrodes
that are to be included in the electrode pair(s) for meas-
uring the bioimpedance signal. The bioimpedance be-
tween two positions may differ depending on the relation
between the two positions, such that changing the elec-
trodes to be included in the electrode pair may affect the
measured bioimpedance signal.

[0044] Forinstance,adistance between the electrodes
may be different, such that depending on which elec-
trodes are selected, the distance in tissue across which
the bioimpedance signal is measured may vary. In some
setups, the bioimpedance between two positions may be
larger if the distance between the positions is larger.
Thus, by changing the electrodes to be included in an
electrode pair in order to increase the distance between
the electrodes, an amplitude of the measured biocimped-
ance signal may be increased. Similarly, by changing the
electrodes to be included in an electrode pair in order to
decrease the distance between the electrodes, an am-
plitude of the measured bioimpedance signal may be de-
creased.

[0045] According to an embodiment, the signal adap-
tation module is configured for increasing or decreasing
a value of the at least one parameter in dependence of
a relation between the detected AC level and the AC
reference value range and/or the detected DC level and
the DC reference value range.

[0046] This implies that the adaptation may be per-
formed based on presently used value(s) of the at least
one parameter. Thus, if only a minor change in the val-
ue(s) of the at least one parameter is necessary, a new
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setting providing acceptable data quality may be very
quickly found. Also, if the AC level and/or the DC level is
to be increased, the parameter modification need not
consider changes of the at least one parameter which
would cause a decrease of the AC level and/or DC level,
and vice versa. Hence, an efficient adaptation of the bi-
oimpedance signal acquisition may be achieved.
[0047] According to an embodiment, the data quality
detection module is configured for monitoring the AC
and/or DC level of the measured bioimpedance signal
continuously or at predetermined time intervals.

[0048] By checking the AC and/or DC level of the
measured bioimpedance signal at predetermined inter-
vals, the data quality detection module need not check
data quality at every single point in time. Using the pre-
determined intervals, processing power of the data qual-
ity detection module may be saved, while allowing de-
tection of a low data quality relatively quickly. The pre-
determined intervals may be set based on a likelihood
that modifying of at least one parameter may be needed.
Thus, the predetermined intervals need not always be
the same. Alternatively, the monitoring of the AC and/or
DC level may be performed regularly, using a single pre-
determined interval.

[0049] By checking the AC and/or DC level of the
measured bioimpedance signal continuously, the data
quality detection module may immediately detect if the
bioimpedance signal acquisition is providing low data
quality.

[0050] According to an embodiment, the system fur-
ther comprises a posture detection module for detecting
a posture of a subject and wherein the data quality de-
tection module is configured for monitoring the AC and/or
DC level of the measured bioimpedance signal when a
posture change is detected by the posture detection mod-
ule.

[0051] Changing of posture may cause changes in da-
ta quality of the bioimpedance signal acquisition. Thus,
the posture detection module may allow detecting that a
subject has changed posture. The input from the posture
detection module may thus be used by the data quality
detection module as a trigger for monitoring the AC
and/or DC level, since the change of posture may be
associated with a high likelihood that data quality de-
creases. By using the posture detection module, the data
quality detection module can use large time intervals be-
tween monitoring ofthe AC and/or DC level, as a situation
with a high likelihood of requiring parameter modification
may be specifically detected by the posture detection
module and may cause an extra monitoring of the AC
and/or DC level at such point in time.

[0052] The posture detection may be made in many
different ways. For instance, an accelerometer arranged
on the subject may be used for detecting the posture of
the subject. As an alternative, a camera monitoring the
subject may be used, when the subject is confined to a
small space, such as in sleep monitoring. The posture
detection module may be configured to receive input from
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a sensor that may detect information relevant for deter-
mining the posture, such as an accelerometer or a cam-
era. Alternatively, the posture detection module may be
integrated in the sensor.

[0053] According to an embodiment, the signal adap-
tation module is configured for modifying the at least one
parameter of the current signal injection module and/or
the bioimpedance signal measurement module further
based on posture information from the posture detection
module.

[0054] The posture information may be associated with
suitable value(s) of the at least one parameter. Thus,
when a specific posture is detected, such suitable val-
ue(s) may be used in parameter modification.

[0055] According to an embodiment, appropriate set-
tings for the at least one parameter of the current signal
injection module and/or the bioimpedance signal meas-
urement module is determined for a subject for different
postures of the subject and the determined settings are
stored for re-using the at least one parameter as initial
settings when a posture change is detected by the pos-
ture detection module.

[0056] For instance, a system calibration may gener-
ate information of appropriate settings in relation to pos-
tures. This implies that a personalization of the system
is enabled, where the storing of the determined settings
allows the system to retrieve appropriate settings in case
of a posture change. As bioimpedance may vary signif-
icantly between different persons, such personalization
may enable high quality bioimpedance signal acquisition
for different subjects.

[0057] However, determination of appropriate settings
for different postures need not be performed in a calibra-
tion before measurements are initiated. Alternatively, ap-
propriate settings for a posture may be determined when
the postureis firstassumed during measurements. Then,
the appropriate settings for the posture may be stored
for later re-use. The stored determined settings may also
continuously be updated based on last used settings for
measurements in the posture of the subject.

[0058] Thanks to the storing of appropriate settings in
relation to a posture, the system may quickly retrieve
appropriate settings when a posture change occurs. This
makes the system quickly adapt to a posture change so
as to minimize a duration during which data of low quality
is acquired.

[0059] Personalization of the system need not neces-
sarily include associating settings with different postures.
In an embodiment, an initial calibration may be done in
a default posture of the subject, in order to determine
appropriate settings of the at least one parameter, and
possibly also appropriate value ranges for the AC refer-
ence value range and the DC reference valuerange. The
appropriate settings may thus be initially used for subse-
quent bioimpedance signal acquisition. Such initial cali-
bration may be performed for each session of bioimped-
ance signal acquisition in order to initialize the session.
The calibration for a subject may alternatively be stored,
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such that when a new session of bioimpedance signal
acquisition is to be started for the subject, the determined
settings may be retrieved.

[0060] Accordingto a second aspect, there is provided
a wearable device for biosignal acquisition comprising a
system for bioimpedance signal acquisition according to
any preceding claim.

[0061] Effects and features of this second aspect are
largely analogous to those described above in connec-
tion with the first aspect. Embodiments mentioned in re-
lation to the first aspect are largely compatible with the
second aspect.

[0062] Thus, the system for bioimpedance signal ac-
quisition may be implemented in a wearable device,
which may be worn by a subject. Thus, the wearable
device may be convenient to wear by the subject and
need not affect daily life of the subject while the device
is worn. The wearable device may ensure that a meas-
ured bioimpedance signal of high quality is acquired,
which may facilitate long-term monitoring of the subject
using the wearable device.

[0063] The bioimpedance signal may be used as input
for monitoring a condition of the subject and may thus be
used in a sleep monitoring or health monitoring applica-
tion based on the bioimpedance signal. The wearable
device may comprise a display for providing information
based on the acquired bioimpedance signal to the sub-
ject. Alternatively, the wearable device may comprise a
communication unit for communicating an acquired sig-
nal, which may or may not have been pre-processed in
the wearable device, such that an external unit may fur-
ther process the measured bioimpedance signal and ex-
tract information from the signal.

[0064] According to a third aspect, there is provided a
method for bioimpedance signal acquisition comprising,
in an electronic system according to the first aspect: gen-
erating a current signal and applying that signal to a sub-
ject; measuring a bioimpedance signal based on a volt-
age generated by the current signal applied to the sub-
ject; detecting an AC and/or a DC level of the measured
bioimpedance signal and detecting whether the AC
and/or DC level of the measured bioimpedance signal is
within or outside an AC reference value range and a DC
reference value range, respectively; and modifying at
least one parameter of the current signal injection module
and/or the bioimpedance signal measurement module
based on said detected AC and/ora DClevel ofthe meas-
ured bioimpedance signal being within or outside an AC
reference value range and a DC reference value range,
respectively.

[0065] Effects and features of this third aspect are
largely analogous to those described above in connec-
tion with the first and second aspects. Embodiments
mentioned in relation to the first and second aspects are
largely compatible with the third aspect.

[0066] Thus, according to the method, adaptive bioim-
pedance signal acquisition may be achieved such that
high quality data may be acquired even if a subject chang-
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es posture or other conditions affecting bioimpedance
signal acquisition are altered.

[0067] According to a fourth aspect, there is provided
a computer program product or computer readable stor-
age medium comprising computer program code means
adapted for bioimpedance signal acquisition according
to the third aspect when said program is run on a system
according to the first aspect.

[0068] Effects and features of this fourth aspect are
largely analogous to those described above in connec-
tion with the first, second, and third aspects. Embodi-
ments mentioned in relation to the first, second, and third
aspects are largely compatible with the fourth aspect.
[0069] The computer program product may thus con-
trol a processing unit to perform the method for bioim-
pedance signal acquisition such that high quality data
may be acquired.

[0070] According to a fifth aspect, there is provided an
electronic system for bioimpedance signal acquisition for
sleep monitoring, comprising: a current signal injection
module configured for generating a current signal that is
to be applied to a subject; a bioimpedance signal meas-
urement module configured for measuring a bioimped-
ance signal based on a voltage generated by the current
signal applied to the subject; a data quality detection
module configured for detecting an AC and a DC level
of the measured bioimpedance signal and detecting
whether the AC and/or DC level of the measured bioim-
pedance signal is within or outside an AC reference value
range and a DC reference value range, respectively, the
data quality detection module being further configured
to, upon the AC level being detected to be within or out-
side the AC reference value range, detect whether the
AC level remains within or outside the AC reference value
range for a period of time; and a signal adaptation module
configured for modifying at least one parameter of the
current signal injection module and/or the bioimpedance
signal measurement module based on said detection
whether the AC and/or DC level of the measured bioim-
pedance signal is within or outside an AC reference value
range and a DC reference value range, respectively and
whether the AC level remains within or outside the AC
reference value range for a period of time so as to avoid
signal adaptation based on a respiratory event.

[0071] Effects andfeatures ofthisfifthaspectare large-
ly analogous to those described above in connection with
the first, second, third, and fourth aspects. Embodiments
mentioned in relation to the first, second, third, and fourth
aspects are largely compatible with the fifth aspect.
[0072] According to the fifth aspect, the bioimpedance
signal acquisition may be specifically suited for sleep
monitoring. The settings of bioimpedance signal acqui-
sition may be altered, which may allow the bioimpedance
measurement to continuously be acquired with high data
quality. Further, by means of the data quality detection
module detecting both an AC level and a DC level and
detecting whether the AC level remains within or outside
the AC reference value range for a period of time, the
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electronic system may be specifically adapted to handle
respiratory events, such that the settings of bioimped-
ance signal acquisition are not triggered when a bioim-
pedance signal quality deteriorates due to the respiratory
event.

[0073] The signal adaptation may be immediately trig-
gered if the DC level of the measured bioimpedance sig-
nal indicates a saturation or close to saturation of the
measured bioimpedance signal, since this may imply that
no information may be extracted from the measured bi-
oimpedance signal. However, if the AC level does not
correspond to acceptable levels, this may be due to a
respiratory event causing the AC level to decrease.
Hence, signal adaptation may be withheld until it may be
determined that a deteriorated signal quality is not due
to a respiratory event.

[0074] The electronic system thus allows detecting bi-
oimpedance during respiratory events with a lower data
quality which is due to the respiratory event occurring.
Hence, the settings of bioimpedance signal acquisition
may be triggered only when acquisition conditions re-
quire a change.

Brief description of the drawings

[0075] The above, as well as additional objects, fea-
tures and advantages of the present inventive concept,
will be better understood through the following illustrative
and non-limiting detailed description, with reference to
the appended drawings. In the drawings like reference
numerals will be used for like elements unless stated
otherwise.

Fig. 1 is a schematic view of a system according to
an embodiment.

Fig. 2 is a schematic view of a method of bioimped-
ance signal acquisition.

Fig. 3 is a schematic view of a method of calibration
of a system.

Fig. 4 is a schematic view of a method of bioimped-
ance signal acquisition taking respiratory events into
account.

Fig. 5 is a schematic view of a method of adapting
bioimpedance signal acquisition according to a first
embodiment.

Fig. 6 is a schematic view of a method of adapting
bioimpedance signal acquisition according to a sec-
ond embodiment.

Fig. 7 is a schematic view of a method of adapting
bioimpedance signal acquisition based on detection
of posture of a subject.

Fig. 8 is a schematic view of a method of adapting
bioimpedance signal acquisition based on selecting
electrodes to be used.

Detailed description

[0076] Fig. 1 illustrates an electronic system 100 for
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bioimpedance signal acquisition. The system 100 is con-
figured to generate a current signal S1 thatis to be applied
to a subject and to measure a bioimpedance signal S2
providing information of the bioimpedance of the subject,
which may be further processed, e.g. for monitoring res-
piration of the subject. The system 100 is configured to
adaptively change settings in order to maintain desired
data quality of the measured bioimpedance signal S2.
[0077] As shown in Fig. 1, the system 100 comprises
a current signal injection module 10. The current signal
injection module 10 may be configured to generate and
output the current signal S1, which is to be applied to the
subject. The current signal injection module 10 may com-
prise a current source for generating a current signal S1.
The current signal injection module 10 may further com-
prise settings, which may be used for controlling the cur-
rent signal S1 being generated and output by the current
injection module 10.

[0078] The current signal injection module 10 may be
configured to output an AC current signal. The settings
of the current signal injection module 10 may control an
amplitude and a frequency of the generated current sig-
nal S1.

[0079] The system 100 further comprises a bioimped-
ance signal measurementmodule 20. The bioimpedance
signal measurement module 20 may be configured to
receive voltage input signals representing a voltage gen-
erated by the current signal S1 applied to the subject.
The bioimpedance signal measurement module 20 may
be configured to extract a measured bioimpedance signal
S2 from the received voltage input signals.

[0080] The bioimpedance signal measurement mod-
ule 20 may comprise settings, which may be used for
controlling the extraction of the bioimpedance signal S2
from the received voltage input signals. For instance, a
gain of the measured bioimpedance signal S2 may be
controlled by the settings.

[0081] The bicimpedance signal measurement mod-
ule 20 may be configured to process the received voltage
input signals, e.g. by filtering the input signals, in order
to extract relevant information. The filtering of the input
signals may also be controlled by settings of the bioim-
pedance signal measurement module 20 or may be per-
formed according to a fixed set-up.

[0082] The bioimpedance signal measurement mod-
ule 20 may output the measured bioimpedance signal
S2, which may be used for determining a condition of the
subject by further processing of the measured bioimped-
ance signal S2. For instance, the measured bioimped-
ance signal S2 may be used for monitoring respiration
of the subject. The further processing of the measured
bioimpedance signal S2 may be performed by an anal-
ysis module within the system 100. However, according
to an alternative, the measured bioimpedance signal S2
is output to an external unit for further processing.
[0083] The system 100 further comprises a data quality
detection module 30, which is configured to receive the
measured bioimpedance signal S2. The data quality de-
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tection module 30 may be configured to detect and AC
level and/or a DC level of the measured bioimpedance
signal S2.

[0084] The data quality detection module 30 may fur-
ther store an AC reference value range and/or a DC ref-
erence value range. The AC reference value range
and/or the DC reference value range may be set to define
acceptable AC levels and DC levels, respectively, for
high quality data acquisition. Alternatively, the AC refer-
ence value range and/or the DC reference value range
may be set to define non-acceptable AC levels and DC
levels, respectively, for high quality acquisition.

[0085] The data quality detection module 30 may be
configured to detect whether the AC level and/or the DC
level of the measured bioimpedance signal S2 is within
or outside the AC reference value range and the DC ref-
erence value range, respectively. For instance, the data
quality detection module 30 may compare the detected
AC level and/or the detected DC level to the AC reference
value range and the DC reference value range, respec-
tively.

[0086] In this way, the data quality detection module
30 may be configured to determine whether data quality
is not within acceptable limits, based on the relation of
the AC level and/or the DC level to the AC reference
value range and the DC reference value range, respec-
tively.

[0087] When the data quality detection module 30 de-
tects that the measured bioimpedance signal S2 is of a
non-acceptable data quality, a control signal CS may be
output by the data quality detection module 30.

[0088] The system 100 further comprises a signal ad-
aptation module 40, which is configured for modifying at
least one parameter of the current signal injection module
10 and/or the bioimpedance signal measurement module
20. The signal adaptation module 40 may thus be con-
figured to cause a change settings of the system 100 so
as to adaptively change the system 100. The changing
of the settings may ensure that a high quality bioimped-
ance signal S2 is acquired even if conditions in which the
bioimpedance signal S2 is acquired are changed.
[0089] The signal adaptation module 40 may be con-
figured for modifying at least one parameter of the current
signal injection module 10 and/or the bioimpedance sig-
nal measurement module 20 based on whether the AC
level and/or the DC level of the measured bioimpedance
signal S2 is within or outside the AC reference value
range and the DC reference value range, respectively.
This implies that the AC level and/or the DC level of the
measured bioimpedance signal S2 may be used as qual-
ity measure(s) of the bioimpedance signal acquisition
and the signal adaptation module 40 may be configured
to perform parameter modification based on the quality
measure(s).

[0090] The signal adaptation module 40 may be con-
figured to send parameter modification signals to the cur-
rent signal injection module 10 and/or the bioimpedance
signal measurement module 20. The parameter modifi-
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cation signal may comprise information that a parameter
is to be modified and may comprise a new value of the
parameter. Alternatively, the parameter modification sig-
nal may indicate whether a value of the parameter is to
be increased or decreased.

[0091] The signal adaptation module 40 may be con-
figured to modify at least one of an amplitude of the gen-
erated current signal S1, a frequency of the generated
current signal S1, and a gain of the measured bioimped-
ance signal S2.

[0092] The system 100 may further comprise elec-
trodes 70, which may be integrated with the system 100
and may be connected to the current signal injection mod-
ule 10 and the bioimpedance signal measurement mod-
ule 20. Alternatively, the electrodes 70 may be configured
to be connected to the system 100.

[0093] The electrodes 70 may be configured to be at-
tached to the subject for applying the current signal S1
to the subject and for detecting a voltage generated by
the current S1 passing through tissue of the subject. Two
or more electrodes 70 may be used and the electrodes
70 may be configured for injecting the current signal S1
and detecting a voltage by the same or by different elec-
trodes 70. Having more than two electrodes 70 may also
allow selectively choosing which electrodes 70 that
should be part of the pair(s) used for injecting the current
signal S1 and detecting the voltage generated by the
current signal S1.

[0094] The signal adaptation module 40 may further
be configured to select which electrodes 70 that are to
be included in the electrode pair for measuring the bio-
impedance signal. The signal adaptation module 40 may
in this regard send a parameter modification signal to the
bioimpedance signal measurement module 20 for con-
trolling which input signals that are to be selected by the
bioimpedance signal measurement module 20.

[0095] During a process of parameter modification, the
signal adaptation module 40 may send parameter mod-
ification signals to the current signal injection module 10
and/or the bioimpedance signal measurement module
20. Then, a quality of the measured bioimpedance signal
S2 based on changed parameters, may be detected in
the data quality detection module 30. As long as the qual-
ity is not acceptable, the at least one parameter may be
continuously modified by further parameter modification
signals from the signal adaptation module 40. When an
acceptable data quality is detected by the data quality
detection module 30, a new control signal CS may be
sent to the signal adaptation module 40 terminating the
process of parameter modification.

[0096] The AC reference value range and the DC ref-
erence value range may also be changed in association
with parameter modification. For instance, if the param-
eter modification process results in that a best possible
signal quality is not within desired ranges, the AC refer-
ence value range and the DC reference value range may
be changed such that the data quality detection module
will not constantly trigger a parameter modification. This
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may allow acquiring bioimpedance signal of a relatively
high quality. When it is detected that a higher quality sig-
nal may again be acquired, the AC reference value range
and the DC reference value range may again be changed
for controlling the system to acquire signal quality within
desired ranges.

[0097] The data quality detection module 30 may be
configured to continuously detect quality of the measured
bioimpedance signal S2. Thus, as soon as signal quality
deteriorates, this may be detected in the data quality de-
tection module 30.

[0098] Alternatively, the data quality detection module
30 may be configured to detect quality at predetermined
intervals. This may be regular intervals or intervals de-
pending on input that may indicate a likelihood of data
quality deteriorating. By the data quality detection module
30 detecting quality at intervals, data processing power
may be saved, while allowing detection of unacceptable
data quality fairly quickly. For instance, the data quality
detection module 30 may detect quality every 10 sec-
onds.

[0099] Adaptation of the system 100 for bioimpedance
signal acquisition may be needed when the subject
changes posture. The posture change may for instance
affect a relation between electrodes 70 and/or between
electrodes 70 and the subject. Thus, a posture change
may often be associated with a need of adapting the sys-
tem 100.

[0100] The system 100 may further comprise a posture
detection module 50. The posture detection module 50
may be configured to receive information relevant to a
subject’s posture from a sensor, such as an accelerom-
eter mounted on the subject and/or a camera monitoring
a scene in which the subject is located. The posture de-
tection module 50 may be configured to process the in-
formation in order to determine a posture of the subject.
[0101] The posture detection module 50 need not nec-
essarily determine an absolute posture of the subject.
Accordingto an alternative, the posture detection module
50 may be configured to determine that a posture change
occurs.

[0102] When the posture detection module 50 deter-
mines a changed posture (or a change in posture), the
posture detection module 50 may provide a signal to the
signal adaptation module 40 in order to trigger parameter
modification. Alternatively or additionally, the posture de-
tection module 50 may provide a signal to the data quality
detection module 30 in order to trigger checking of quality
of the measured bioimpedance signal S2, which may in
turn trigger parameter modification.

[0103] The system 100 may be calibrated to adapt the
system 100 to a subject. Thus, the system 100 may be
personalized and parameters appropriate for acquiring
bioimpedance signals of high quality for the subject may
be determined. The appropriate parameters may differ
substantially between different subjects, e.g. since bio-
impedance may vary between different subjects. Also,
the appropriate parameters may differ depending on
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placement of electrodes on the subject, so calibration
may be needed before each session of bioimpedance
signal acquisition, even for the same subject.

[0104] Results of the calibration may be stored in a
memory within the system 100. Thus, appropriate pa-
rameters may be retrieved from the memory. The cali-
bration may be performed based on different postures,
such that when a change to a specific posture is detected
by the posture detection module 50, appropriate param-
eters for the specific posture may be retrieved from the
memory. Thus, the system 100 may immediately be set
to use appropriate parameters, which should enable the
system 100 to acquire the measured bioimpedance sig-
nal S2 with a high quality for the changed posture. This
may imply setting the at least one of the amplitude of the
current signal S1, the frequency of the signal S1, the gain
of the measured bioimpedance signal S2 and the elec-
trodes to be included in the electrode pair for measuring
the bioimpedance signal. Also, setting the appropriate
parameters may include setting the AC reference value
range and the DC reference value range to be used by
the data quality detection module 30.

[0105] As described in more detail below, the calibra-
tion need not beforehand determine appropriate settings
for different postures. The appropriate settings may al-
ternatively be determined when a posture is first detected
and, then, the appropriate settings for the posture may
be stored in order to enable re-use.

[0106] The data quality detection module 30 may be
configured to detect whether the change to appropriate
parameters does provide an output of a high quality
measured bioimpedance signal S2. If not, further param-
eter modification may be triggered.

[0107] The system 100 may comprise a memory,
which may store the calibration data. The memory may
be accessible for each of the current signal injection mod-
ule 10, the bioimpedance signal measurement module
20, the data quality detection module 30 in order to re-
trieve appropriate settings for the modules. Alternatively
or additionally, the memory may be accessible by the
signal adaptation module 40, which may then send infor-
mation of the appropriate settings to the other modules.
The system 100 may comprise a single memory which
is accessible by the modules. Alternatively, each module
may comprise an internal memory which stores calibra-
tion data relevant for that module.

[0108] Each of the modules 10, 20, 30, 40, 50 may be
implemented in hardware, or as any combination of soft-
ware and hardware. At least part of the modules 10, 20,
30, 40, 50 may, for instance, be implemented as software
being executed on ageneral-purpose computer. The sys-
tem 100 may thus comprise one or more processing
units, such as a central processing unit (CPU), which
may execute the instructions of one or more computer
programs in order to implement functionality of the mod-
ules. Thus, the system 100 may comprise a single
processing unit, which may provide functionality of each
ofthe modules 10, 20, 30, 40,50, e.g. as separate threads
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within the processing unit.

[0109] The modules 10, 20, 30, 40, 50 may alterna-
tively be implemented as firmware arranged e.g. in an
embedded system, or as a specifically designed process-
ing unit, such as an Application-Specific Integrated Cir-
cuit (ASIC) or a Field-Programmable Gate Array (FPGA).
[0110] The current signal injection module 10 may
comprise circuitry for converting control instructions,
which may be implemented in software and/or hardware,
to an actual current signal S1, which may be output to
electrodes 70 for being applied to a subject.

[0111] The bioimpedance signal measurement signal
20 may comprise circuitry for converting control instruc-
tions, which may be implemented in software and/or
hardware, to forming a bioimpedance signal based on
received input voltage signals.

[0112] The system 100 may comprise a housing, in
which the modules 10, 20, 30, 40, 50 may be arranged.
The system 100 may thus be delivered in a single pack-
age and may comprise a simple interface for putting the
system 100 into use.

[0113] The housing may for instance comprise ports,
to which electrodes 70 may be connected for receiving
the current signal S1 and providing voltage signals rep-
resenting a bioimpedance. Alternatively, electrodes 70
may be pre-attached to the housing on delivery of the
system 100.

[0114] The housing may further comprise an output
port for connection to an external unit, which may receive
the measured bioimpedance signal S2 for further
processing of the signal. Alternatively or additionally, the
housing may comprise a communication unit for wireless
communication of the bioimpedance signal S2 to the ex-
ternal unit.

[0115] The housing may further comprise additional
ports for connecting further units to the system 100, such
as one or more sensors for detecting posture of the sub-
ject.

[0116] The housing may be configured to be worn by
a subject, such that the system 100 allowing acquisition
of the measured bioimpedance signal S2 with high quality
may be worn and used for long-term monitoring of the
subject. The housing may comprise a strap for attaching
the housing to or around a body part of the subject or
may have a shape so as to allow the housing to be worn
by the subject.

[0117] Referring now to Figs 2-8, use of the system
100 in bioimpedance signal acquisition will be further de-
scribed.

[0118] Fig. 2 illustrates a general overview of bioim-
pedance signal acquisition. As shown in Fig. 2, two or
more electrodes 70 may be attached to a subject. A fur-
ther electrode 72, which may provide a bias voltage may
optionally be used.

[0119] The system 100 measures 200 a bioimpedance
signal using a set amplitude and frequency of a current
signal S1, set gain of the bioimpedance signal measure-
ment module 20 and set electrode pair as input to the
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bioimpedance signal measurement module 20.

[0120] The measured bioimpedance signal S2 may be
provided as a digital or analog signal. The AC level and/or
DC level may be monitored 202 by the data quality de-
tection module 30. If it is determined that the AC level
and/or DC level is within or outside the AC reference
value range and the DC reference value range, respec-
tively, adaptation 204 of the parameters for bioimped-
ance signal acquisition may be performed. Then, the sys-
tem 200 may again measure 200 the bioimpedance sig-
nal using the new parameter(s).

[0121] As also illustrated in Fig. 2, a sensor, e.g. an
accelerometer, may acquire 206 a signal representing
posture of the subject. The acquired signal may be mon-
itored 208 in order to determine an absolute posture
and/or determine a change in posture. If the posture mon-
itoring reveals that a posture has changed, a signal may
be sent for triggering the monitoring 202 of the AC level
and/orthe DC level of the measured bioimpedance signal
S2.

[0122] Optionally, if posture dependent settings have
been stored, a signal may also be sent for triggering ad-
aptation 204 of the parameters for bioimpedance signal
acquisition (using stored parameter settings).

[0123] Referring now to Fig. 3, a calibration procedure
will be described. The calibration may be performed be-
fore each session of bioimpedance signal acquisition.
The calibration may determine appropriate settings for a
subject and for a placement of the electrodes 70 on the
subject. Calibration data may be stored by the system
100 for re-use between different sessions on a subject,
such that calibration need not necessarily be performed
before each session.

[0124] The calibration may be performed for several
different postures, such that calibration data applying to
each posture may be stored. This may allow retrieving
appropriate settings based on detection of a specific pos-
ture.

[0125] According to an alternative, the calibration is
only performed for one posture in order to initialize bio-
impedance measurements. This may allow quickly start-
ing bioimpedance measurements, but the system 100
may not as quickly adapt to new postures.

[0126] According to an embodiment, illustrated in Fig.
3, the calibration may start by providing settings of the
frequency of the current signal S1 and the gain of the
measured bioimpedance signal S2 to generate as large
signal as possible. An amplitude of the current signal S1
is swept 300 over all possible current amplitudes.
[0127] During sweeping of the amplitude of the current
signal S1, the measured bioimpedance signal S2 is ac-
quired for each setting of the amplitude. The AC level
and/or DC level of the measured bioimpedance signal
S2 is monitored 302. The AC reference value range
and/or the DC reference value range may be provided
304 as input to the monitoring of the AC and/or DC levels.
The AC reference value range and/or the DC reference
value range may be set as fixed values in the system 100
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or may be based on subject characteristics, which may
be manually input. The subject characteristics may in-
clude body mass index (BMI) of the subject, gender of
the subject, and position of electrodes 70 on the subject.
[0128] The monitoring of the AC level and/or DC level
may compare the AC and/or DC levels to the AC refer-
ence value range and the DC reference value range, re-
spectively, in order to determine whether the AC level
and/or DC level are within acceptable ranges as set by
the AC reference value range and/or the DC reference
value range.

[0129] The AC reference value range may indicate
whether respiration information may be extracted from
the measured bioimpedance signal. The AC reference
value range may according to an embodiment be set as
exceeding 90% of a reference value, AC . The refer-
ence value may be based on a desired signal-to-noise
ratio (SNR) and may be based on a fixed pre-set value
or a value dependent on subject characteristics as men-
tioned above. The reference value may be related to a
level of the detected signal so that, if the AC level is at
least 90% of the reference value, the SNR will be accept-
able. However, it should be realized that the AC reference
value may be set to any value and then, the AC reference
value range may be correspondingly set based on a per-
centage of the AC reference value depending on which
AC reference value is chosen. Hence, the AC reference
value range may correspond to at least 80% of the ref-
erence value or 100% of the reference value, instead.
[0130] In one embodiment, the AC reference value
may initially be set to a default value that is known to give
good measurement results. Then, the AC reference val-
ue may be updated to correspondtoan AC level providing
highest signal quality during the calibration process
which will be further desribed below.

[0131] The DC reference value range may indicate
whether saturation of the signal occurs. Thus, the DC
reference value range may in one embodiment be de-
fined as 5-95% of an operation range DC ¢ of the system
100. Thus, by the DC level being within the DC reference
value range, the measured bioimpedance signal S2 will
not be saturated and information may be extracted from
the signal.

[0132] The AC reference value range and the DC ref-
erence value range may be defined in relation to a re-
spective reference value. Thus, a single reference value
may be provided, such that, when monitoring the AC
and/or DC levels, the AC reference value range and the
DC reference value range may be formed based on input
of a single value.

[0133] The AC level may be measured as a voltage
difference between a peak representing a maximum val-
ue and a following peak representing a minimum value.
The DC level may be measured as an average voltage
around which the AC level oscillates.

[0134] If the criterion or criteria are met, the calibration
may be terminated and a setting of the amplitude of the
current signal S1 may be selected 306. The settings of
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the frequency of the current signal S1 and the gain of the
measured bioimpedance signal S2 generating best sig-
nal quality are also selected.

[0135] If only the DC level is monitored, the current
amplitude generating a highest DC level signal without
exceeding a saturation criterion set by the DC reference
value range may be selected.

[0136] If only the AC level is monitored, the current
amplitude generating a highest AC level may be selected.
[0137] If both the AC level and the DC level are mon-
itored, the current amplitude generating a DC level signal
within the DC reference value range and a highest AC
level may be selected.

[0138] If the criterion or criteria are not met by any of
the amplitude settings of the injected current signal S1,
a gain of the bioimpedance signal measurement module
20 is changed to the next level and a new current ampli-
tude sweep is made. This is repeated 308 for different
gain settings, changing the gain in steps from a gain pro-
viding a highest signal level to a gain providing a lowest
signal level of the measured bioimpedance signal S2.
During the changing of gain level and current amplitude
sweep, the AC and/or DC levels are monitored, as ex-
plained above in step 304.

[0139] Again, if the criterion or criteria are met, the cal-
ibration may be terminated and settings of the parame-
ters may be selected 310. The settings of the frequency
of the current signal S1 generating best signal quality
may then be selected together with a gain and a current
amplitude based on the sweep. If the criterion or criteria
are met, the gain need not be changed to check all pos-
sible gains, but rather the gain level for which the criterion
or criteria are met may be selected. Further, the current
amplitude may be selected based on highest AC or DC
level as described above.

[0140] If the criterion or criteria are still not met by any
of the combination of amplitude settings of the injected
current signal S1 and the gain of the bioimpedance signal
measurement module 20, a frequency of the current sig-
nal S1 is changed to the next level. Then, a new sweep
of the gain of the bioimpedance signal measurement
module 20 and the amplitude of the injected current signal
S1 as made in 308 is repeated. This is repeated 312 for
different frequency settings, changing the frequency in
steps from a frequency providing a highest signal level
to afrequency providing a lowest signal level of the meas-
ured bioimpedance signal S2. During the changing of the
frequency level, the gain level and the current amplitude
sweep, the AC and/or DC levels are monitored, as ex-
plained above in 304.

[0141] Again, if the criterion or criteria are met, the cal-
ibration may be terminated and settings of the parame-
ters may be selected 314. The settings of the amplitude
and frequency of the current signal S1, and the gain may
then be selected based on highest AC or DC level as
described above. All levels of frequencies need not be
swept, but rather the frequency level for which the crite-
rion or criteria are met may be selected.
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[0142] It should also be realized that an order in which
parameters are changed during calibration need not nec-
essarily be in the order described above. Rather, param-
eters may be changed in any order for determining ap-
propriate settings.

[0143] In an embodiment, the amplitude of the current
signal S1 may be varied between 10 pA and 1 mA using
a step size of 10 pA. The gain of the bioimpedance signal
measurement module 20 may be varied between 50 V/V
and 500 V/V using a step size of 10 V/V. The frequency
of the current signal S1 may be varied between 1 kHz
and 1 MHz using a step size of 10 kHz. It should be
realized that other ranges and step sizes may be used.
[0144] Referring now to Fig. 4, data quality monitoring
in relation to both the AC and the DC level of the meas-
ured bioimpedance signal will be described. Thus, the
adaptive bioimpedance signal acquisition is in this em-
bodiment based on both AC and DC level of the signal.
This adaptive bioimpedance signal acquisition may be
especially suitable for sleep monitoring or in any other
situation where respiratory events may be expected, as
the adaptation is configured to take into account that loss
of data quality may be due to respiratory events.

[0145] The AC and DC levels are monitored 400. The
AC and DC levels may be extracted from the measured
bioimpedance signal S2 at regular time intervals. For in-
stance, the AC and DC levels may be extracted every 10
seconds, which allows quickly detecting a low data qual-
ity, without requiring constantly determining the AC and
DC levels.

[0146] The AC and DC levels may be extracted based
on input of a posture change from posture monitoring
402, if such is performed. The detection of a posture
change may indicate a likelihood that the bioimpedance
signal acquisition may need adaptation and, therefore,
may trigger extra monitoring of AC and DC levels.
[0147] The AC and DC levels may be monitored and
compared to AC reference value range and DC reference
value range as set during calibration. It should be noted
that at least the AC reference value range may be set in
dependence on the chosen settings during calibration.
[0148] If both the AC level and the DC level are within
the AC reference value range and the DC reference value
range, i.e. indicate that the data quality is acceptable,
measurement of the bioimpedance may be ongoing 404
and no signal adaptation is necessary.

[0149] If the DC level is out of range, the measured
bioimpedance signal S2 is saturated, which implies that
information may not be extracted. Thus, if it is detected
that the DC level is out of range, adaptation 406, as will
be described later, may be initiated.

[0150] If the AC level is out of range, i.e. the AC signal
level is low, this may be due to a respiratory event, such
as apnea, shallow breathing or hypopnea. Thus, adap-
tation of the bioimpedance signal acquisition may not
necessarily be needed or should not even be performed,
as adaptation should be performed based on conditions
of acquiring the bioimpedance signal changing, not
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based on the bioimpedance information changing.
[0151] Hence, if it is detected that the AC level is out
of range, but the DC level is still within the range of the
DC reference value range, data quality may be continu-
ously monitored 408 for a period of time. For instance,
the data quality may be monitored for 60 seconds. Thus,
data quality may be monitored during such a long period
of time that, if the AC level being out of range was due
to a respiratory event, normal respiration may be re-
sumed.

[0152] The DC level may also be used in order to de-
termine whether a detection of the AC level being out of
range relates to a change that needs signal adaptation
(such as due to a change in posture) or relates to a res-
piratory event. If the AC level is detected to be out of
range and itis simultaneously detected that the DC level
has changed, the change may likely be due to a posture
change and not due to a respiratory event. Then, adap-
tation 406 may be initiated. However, if the DC level has
not changed, the detection of the AC level being out of
range has a higher likelihood to be due to a respiratory
event and data quality may then be continuously moni-
tored 408 for a period of time.

[0153] If the AC level returns to being within the AC
reference value range, ongoing measurement 404 of the
bioimpedance signal may be resumed and no signal ad-
aptation is necessary.

[0154] If, on the other hand, the AC level does stay
outside the AC reference value range, it may be deter-
mined that the change in AC level was not due to a res-
piratory event. Hence, adaptation 406, as will be de-
scribed later, may be initiated.

[0155] As an alternative or in addition to monitoring the
AC level and the DC level for a period of time, the system
100 may comprise additional sensor(s) which may be
configured to detect respiratory events. Such sensor(s)
may e.g. measure whether any chest movement occurs
for detecting apnea. Also, the bioimpedance measure-
ment may be used for detecting respiratory events. Thus,
if a respiratory event is detected, the ongoing measure-
ment 406 may continue and the monitoring 400 of the
AC and DC levels may be performed again at regular
time intervals.

[0156] Referring now to Fig. 5, parameter modification
according to a first embodiment of adaptation of the bi-
oimpedance signal acquisition will be described. The pa-
rameter modification according to the first embodiment
resembles the calibration process as described above
with reference to Fig. 3.

[0157] The adaptation according to the first embodi-
ment aims to establish settings that provide a high quality
bioimpedance signal. The settings are established with-
out any prejudice to certain settings previously used.
[0158] Thus, similar to the calibration described with
reference to Fig. 3, the adaptation may start by providing
settings of the frequency of the current signal S1 and the
gain of the measured bioimpedance signal S2 to gener-
ate best signal quality. An amplitude of the current signal
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S1is swept 500 over all possible current amplitudes.
[0159] During sweeping of the amplitude of the current
signal S1, the measured bioimpedance signal S2 is ac-
quired for each setting of the amplitude. The AC level
and/or DC level of the measured bioimpedance signal
S2 is monitored 502. The AC reference value range
and/or the DC reference value range may be provided
504 as input to the monitoring of the AC and/or DC levels,
or a single value may be provided as input allowing form-
ing ofthe AC reference value range and the DC reference
value range. At least the AC reference value range may
be based on an adapted AC reference value AC,, which
may be set during use of the system 100 and does not
necessarily correspond to the AC reference value AC,
as used during calibration. The DC reference value range
may be based on the same DC reference value DC,
as used during calibration.

[0160] The monitoring of the AC level and/or DC level
may compare the AC and/or DC levels to the AC refer-
ence value range and the DC reference value range, re-
spectively, in order to determine whether the AC level
and/or DC level are within acceptable ranges as set by
the AC reference value range and/or the DC reference
value range.

[0161] As explained for calibration above, if the crite-
rion or criteria are met, the adaptation may be terminated
and a setting of the amplitude of the current signal S1
may be selected 506. The settings of the frequency of
the current signal S1 and the gain of the measured bio-
impedance signal S2 generating best signal quality are
also selected.

[0162] Further, as explained for calibration above, if
the criterion or criteria are not met by any of the amplitude
settings of the injected current signal S1, the gain of the
bioimpedance signal measurement module 20 is
changed 508 and current amplitude sweeps are made
for different gain settings, while monitoring the AC and/or
DC levels.

[0163] Again, if the criterion or criteria are met, the cal-
ibration may be terminated and settings of the parame-
ters may be selected 510 based on highest AC or DC
level of the signal.

[0164] If the criterion or criteria are still not met by any
of the combination of amplitude settings of the injected
current signal S1 and the gain of the bioimpedance signal
measurement module 20, a frequency of the current sig-
nal S1 is changed to the next level. Then, a new sweep
of the gain of the bioimpedance signal measurement
module 20 and the amplitude of the injected current signal
S1 as made in 508 is repeated. This is repeated 512 for
different frequency settings, while the AC and/or DC lev-
els are monitored.

[0165] Again, if the criterion or criteria are met, the ad-
aptation may be terminated and settings of the parame-
ters may be selected 514. The settings of the amplitude
and frequency of the current signal S1, and the gain may
then be selected based on highest AC level of the signal.
[0166] If the criteria are still not met, it may be deter-
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mined that the criteria may not be met and the settings
providing best results may be used. Thus, the adaptation
may end with the setting of the amplitude, the gain and
the frequency being updated with values for which best
results are obtained.

[0167] Referring now to Fig. 6, parameter modification
according to a second embodiment of adaptation of the
bioimpedance signal acquisition will be described. The
parameter modification according to the second embod-
iment makes use of previous settings and tries to change
the settings based on the previous settings in order to
quickly arrive at an adapted bioimpedance signal acqui-
sition which provides high quality data.

[0168] The adaptation receives 602 the AC reference
value range and/or the DC reference value range as input
to the monitoring of the AC and/or DC levels, or a single
value may be received as input allowing forming of the
AC reference value range and the DC reference value
range. At least the AC reference value range may be
based on an adapted AC reference value AC,, which
may be set during use of the system 100 and does not
necessarily correspond to the AC reference value AC,
as used during calibration. The DC reference value range
may be based on the same DC reference value DC,,
as used during calibration.

[0169] The adaptationis started 604 monitoring the AC
level and/or the DC level against the AC reference value
range AC and the DC reference value range DC 1.
Also, the current parameter values of the at least one
parameter of the current signal injection module 10 and
the bioimpedance signal measurement module 20 are
used as initial values.

[0170] Ifitis found that the AC level is outside the AC
reference value range, e.g. <0.9*AC; it may be deter-
mined that an increase in the amplitude of the measured
bioimpedance signal S2 is needed. Thus, the adaptation
may use the present settings of parameter values and
adapt the bioimpedance signal acquisition in relation to
the present settings.

[0171] First, values of the gain of the bioimpedance
signal measurement module 20 and the frequency of the
current signal S1 according to the present settings may
be maintained. The amplitude of the current signal S1
may be increased 606 in sequential steps. During in-
creasing of the amplitude of the current signal S1, the
measured bioimpedance signal S2 is acquired for each
setting of the amplitude. The AC level and the DC level
of the measured bioimpedance signal S2 is monitored
and compared to the AC reference value range and the
DC reference value range, respectively. Thus, it is deter-
mined whether the criteria are met and the increasing of
the amplitude of the current signal S1 is continued until
the criteria are met or a maximum amplitude is reached.
[0172] If the criteria are met, the adaptation may be
terminated and the setting of the amplitude is updated
608 with a value for which the criteria are met. Also, the
AC reference value AC, is updated based on the new
setting of the amplitude of the current signal S1.
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[0173] Ifthe criteria are not met by any of the amplitude
settings of the injected current signal S1, the gain of the
bioimpedance signal measurement module 20 is in-
creased to the next level and a current amplitude sweep
is made. This is repeated 610 for different gain settings,
changing the gain in steps towards a maximum gain. Dur-
ing the increasing of the gain level and the current am-
plitude sweep, the AC and DC levels are monitored.
[0174] If the criteria are met, the adaptation may be
terminated and the setting of the amplitude and the gain
are updated 612 with values for which the criteria are
met. Also, the AC reference value AC,is updated based
on the new setting of the amplitude of the current signal
S1.

[0175] If the criteria are not met by any of the combi-
nations of amplitude and gain settings, the frequency of
the currentsignal S1is changed. Depending on a position
on the semi-circular relation in the Cole-Cole plot of the
resistance and reactance parts of the measured bioim-
pedance signal S2, the frequency may be decreased or
increased to the next level and a sweep of current am-
plitude and gain settings is made. This is repeated 614
for different frequency settings, changing the frequency
in steps towards a minimum or maximum frequency. Dur-
ing the decreasing or increasing of the frequency level
and the gain and current amplitude sweep, the AC and
DC levels are monitored.

[0176] If the criteria are met, the adaptation may be
terminated and the setting of the amplitude, the gain and
the frequency are updated 616 with values for which the
criteria are met. Also, the AC reference value AC, is
updated based on the new setting of the amplitude of the
current signal S1.

[0177] If the criteria are not met for any frequency, it
may be determined that the criteria may not be met and
the settings providing best results may be used. Thus,
the adaptation may end with the setting of the amplitude,
the gain and the frequency being updated 618 with values
for which best results are obtained. Also, the AC refer-
ence value AC, is updated based on the new setting of
the amplitude of the current signal S1.

[0178] The process of adapting bioimpedance signal
acquisition for increasing the AC level may also be per-
formed in relation to a maximum time. Thus, a maximum
time may be set, such that parameter modification may
not continue for a time period exceeding the maximum
time. This implies that a time period during which bioim-
pedance signal data may not be analyzed is limited, as
the bioimpedance signal during parameter modification
may not be used as providing reliable data (e.g. because
the conditions during which the bioimpedance signal is
measured is constantly changed).

[0179] Thus, if the adaptation process has not termi-
nated within the maximum time, the settings providing
best results may be used. Thus, the adaptation may end
when reaching the maximum time with the setting of the
amplitude, the gain and the frequency being updated with
values for which best results are obtained. Also, the AC
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reference value AC, is updated based on the new set-
ting of the amplitude of the current signal S1.

[0180] According to an embodiment, the maximum
time may be set to at least 30 seconds, which may give
reasonable time for allowing adaptation to be performed.
[0181] If it is found when the adaptation is started at
604 that the DC level is outside the DC reference value
range, e.g. that DC saturation occurs or is close to oc-
curring due to the DC level >0.95*DC, ., it may be de-
termined that a decrease in the amplitude of the meas-
ured bioimpedance signal S2 is needed. Thus, the ad-
aptation may use the present settings of parameter val-
ues and adapt the bioimpedance signal acquisition in re-
lation to the present settings.

[0182] First, values of the gain of the bioimpedance
signal measurement module 20 and the frequency of the
current signal S1 according to the present settings may
be maintained. The amplitude of the current signal S1
may be decreased 620 in sequential steps. During de-
creasing of the amplitude of the current signal S1, the
measured bioimpedance signal S2 is acquired for each
setting of the amplitude. The AC level and the DC level
of the measured bioimpedance signal S2 is monitored
and compared to the AC reference value range and the
DC reference value range, respectively. Thus, it is deter-
mined whether the criteria are met and the increasing of
the amplitude of the current signal S1 is continued until
the criteria are met or a minimum amplitude is reached.
[0183] If the criteria are met, the adaptation may be
terminated and the setting of the amplitude is updated
622 with a value for which the criteria are met. Also, the
AC reference value AC, is updated based on the new
setting of the amplitude of the current signal S1.

[0184] Ifthe criteria are not met by any of the amplitude
settings of the injected current signal S1, the gain of the
bioimpedance signal measurement module 20 is de-
creased to the next level and a current amplitude sweep
is made. This is repeated 624 for different gain settings,
changing the gain in steps towards a minimum gain. Dur-
ing the decreasing of the gain level and the current am-
plitude sweep, the AC and DC levels are monitored.
[0185] If the criteria are met, the adaptation may be
terminated and the setting of the amplitude and the gain
are updated 626 with values for which the criteria are
met. Also, the AC reference value AC s is updated based
on the new setting of the amplitude of the current signal
S1.

[0186] If the criteria are not met by any of the combi-
nations of amplitude and gain settings, the frequency of
the currentsignal S1 is changed. Depending on a position
on the semi-circular relation in the Cole-Cole plot of the
resistance and reactance parts of the measured bioim-
pedance signal S2 and the frequency of the current signal
S1, the frequency may be increased or decreased to the
next level and a sweep of current amplitude and gain
settings is made. This is repeated 628 for different fre-
quency settings, changing the frequency in steps towards
amaximum or minimum frequency. During the increasing
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or decreasing of the frequency level and the gain and
current amplitude sweep, the AC and DC levels are mon-
itored.

[0187] If the criteria are met, the adaptation may be
terminated and the setting of the amplitude, the gain and
the frequency are updated 630 with values for which the
criteria are met. Also, the AC reference value AC, is
updated based on the new setting of the amplitude of the
current signal S1.

[0188] If the criteria are not met for any frequency, it
may be determined that the criteria may not be met and
the settings providing best results may be used. Thus,
the adaptation may end with the setting of the amplitude,
the gainand the frequency being updated 632 with values
for which best results are obtained. Also, the AC refer-
ence value AC, is updated based on the new setting of
the amplitude of the current signal S1. However, if the
DC level is still saturated or close to saturating, it may
not be possible to extract meaningful information from
the measured bioimpedance signal S2 and a new adap-
tation may be immediately triggered.

[0189] The adaptation of the bioimpedance signal ac-
quisition according to the first embodiment discussed
with reference to Fig. 5, may be useful in adapting the
system 100 when a posture change has occurred. A pos-
ture change may significantly change conditions in which
the bioimpedance signal is acquired and using the
present settings as starting point for adaptation may not
be relevant. The adaptation of the bioimpedance signal
acquisition according to the second embodiment dis-
cussed with reference to Fig. 6, may be useful in adapting
the system 100 when the signal drifts out of an acceptable
range. Then, only a small change in parameter values
may be needed and the adaptation according to the sec-
ond embodiment may very quickly terminate with updat-
ed settings.

[0190] Thus, a system 100 may make use of both em-
bodiments and may choose which adaptation process to
be used based on further input. Such further input may
be input indicating that a posture change has occurred
or determining that a sudden large change in the AC
and/or DC level has occurred.

[0191] However, it should be realized that the deter-
mining which of the first and second embodiments of ad-
aptation of the bioimpedance signal acquisition should
be used may be based on other conditions. Also, the
system 100 may be set up to use only one of the embod-
iments.

[0192] Referring now to Fig. 7, an embodiment of ad-
aptation of the bioimpedance signal acquisitionin relation
to a posture change will be described.

[0193] The adaptation is based on input of a posture
of the subject. Thus, as described above, the posture
detection module 50 is used for determining the posture
of the subject.

[0194] Whenanew posture is detected 702 by the pos-
ture detection module, the adaptation may be started.
First, the posture may be determined. Here, the posture
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is denoted /.

[0195] Then,itis determined whether a previous meas-
urement of the bioimpedance signal has been done for
the posture i, either during calibration or during previous
measurements. If no previous measurements have been
done, no calibration data for the posture i may be stored.
Thus, an adaptation is made 704 either according to the
first embodiment as discussed in relation to Fig. 5 or ac-
cording to the second embodiment as discussed in rela-
tion to Fig. 6.

[0196] When the adaptation is finished, the bioimped-
ance signal acquisition may be continued 706 using the
determined settings. Further, the settings of the ampli-
tude and frequency of the current signal and the gain of
the bioimpedance signal measurement module 20 may
be stored in relation to the posture i. Thus, the settings
may be later retrieved, if the subject again assumes the
same posture i.

[0197] Ifitis found when a new posture i is detected
702 that previous measurements have been done for the
posture i, stored data applying to the posture i may be
retrieved. Then, the current amplitude and frequency and
the gain may be set 708 using the retrieved values. The
stored data may be calibration data generated during cal-
ibration of the system 100. However, when measure-
ments are made in a posture i, the calibration data may
be updated with the last settings used with the subject
being in the posture.

[0198] Once the retrieved settings have been set, the
AC and/or DC levels may be monitored in order to deter-
mine whether data quality is acceptable. In this respect,
the AC level may be compared to an AC reference value
range based on an AC reference value for the posture
settings for the posture i, AC,;.

[0199] If the criteria are met, the bioimpedance signal
is acquired with acceptable data quality and measure-
ment of the bioimpedance signal may continue 710 using
the settings for the parameters.

[0200] Ifthe criteria are not met, an adaptation is made
712 either according to the first embodiment as dis-
cussed in relation to Fig. 5 or according to the second
embodiment as discussed in relation to Fig. 6.

[0201] When the adaptation is finished, the bioimped-
ance signal acquisition may be continued 714 using the
determined settings. Further, the settings of the ampli-
tude and frequency of the current signal and the gain of
the bioimpedance signal measurement module 20 may
be stored in relation to the posture i. Thus, the updated
settings may be later retrieved, if the subject again as-
sumes the same posture i.

[0202] In the above, adaptation of the bioimpedance
signal acquisition has mainly been discussed using the
amplitude of the current signal S1, the frequency of the
current signal S1 and the gain of the measured bioim-
pedance signal S2. However, adaptation of the bioim-
pedance signal acquisition may alternatively or addition-
ally use selection of which electrodes 70 to be included
for measuring the bioimpedance signal.
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[0203] According to one embodiment, selection of
electrodes 70 may be performed during set-up of the sys-
tem 100. Thus, the electrodes 70 to be used may be
selected based on subject characteristics, such as gen-
der and BMI, and on a position of the electrodes 70 on
the subject (such as positioning or orientation on chest).
Hence, the electrodes 70 to be used may be pre-selected
and the same electrode pair(s) may be used throughout
a session of bioimpedance signal acquisition.

[0204] According to a second embodiment, selection
of electrodes 70 may be based on a calibration performed
during set-up of the system 100. Thus, the electrode
pair(s) may be selected based on measurements of
which electrodes 70 that provide a highest AC level of
the measured bioimpedance signal S2. Then, the select-
ed electrodes 70 may be used throughout a session of
bioimpedance signal acquisition.

[0205] According to a third embodiment, selection of
electrodes 70 may be included both in a calibration proc-
ess and in an adaptation process. Thus, the selection of
electrodes 70 may be included as a last step after the
parameter values of amplitude and frequency of the cur-
rent signal S1 and gain of the measured bioimpedance
signal S2 have been varied. Thus, if the criteria are not
met, the selection of electrodes 70 may be varied for
different configurations of electrodes 70 and the settings
of the amplitude, gain and frequency may be swept in
order to find appropriate settings.

[0206] Referring to Fig. 8, selection of electrodes 70,
which may be used in the second or third embodiment,
is discussed in further detail.

[0207] The electrode configuration is swept 800. If a
two-electrode measurement is used, i.e. the same elec-
trodes 70 are used both for injecting the current signal
S1 and sensing the voltage generated by the current sig-
nal S1, the pair of electrodes 70 to be used may be varied
starting with the electrodes 70 being farthest away from
each other towards the electrodes 70 being closest to
each other.

[0208] For each electrode pair, the amplitude of the
current signal S1, the gain of the measured bioimped-
ance signal S2 and the frequency of the current signal
S1 may be swept. During sweeping of the amplitude of
the current signal S1, the measured bioimpedance signal
S2 is acquired for each setting. The AC level and/or DC
level of the measured bioimpedance signal S2 is moni-
tored 802. The AC reference value range and/or the DC
reference value range may be provided 804 as input to
the monitoring of the AC and/or DC levels, or single val-
ues AC,.fp and DC, s may be provided as input allowing
forming of the AC reference value range and the DC ref-
erence value range.

[0209] If the criterion or criteria are met, the adaptation
may be terminated and settings of the parameters includ-
ing the electrodes 70 to be included in the electrode pair
may be selected 806 based on highest AC level of the
signal. If the criterion or criteria are met, all possible elec-
trode pairs need not be checked, butratherthe electrodes
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70 for which the criterion or criteria are met may be se-
lected.

[0210] The process of selecting electrodes 70 may also
be performed inrelation to a maximum time. Thus, a max-
imum time may be set, such that parameter modification
may not continue for a time period exceeding the maxi-
mum time. Thus, if the adaptation process has not ter-
minated within the maximum time, the settings providing
best results may be used.

[0211] Ifafour-electrode measurementis used,i.e.two
electrodes 70 are used for injecting the current signal S1
and two other electrodes 70 are used for sensing the
voltage generated by the current signal S1, the electrode
sweep may start with two outer electrodes 70 having the
largest distance between them for applying the current
signal S1 to the subject in combination with two inner
electrodes 70, arranged between the two outer elec-
trodes 70 and having the largest distance between them
for sensing the generated voltage.

[0212] For instance, if a row of six electrodes 70 are
provided and the electrodes are numbered 1-6 along the
row, the electrode sweep may start by using electrodes
1 and 6 for current signal injection and electrodes 2 and
5 for voltage sensing. Then, a combination of electrodes
1 and 6 for current signal injection and electrodes 3 and
4 for voltage sensing may be tested. Finally, a combina-
tion of electrodes 2 and 5 for current signal injection and
electrodes 3 and 4 for voltage sensing may be tested. If
none of these set-ups provide a bioimpedance signal of
acceptable quality, a combination of electrodes 1 and 4
for current signal injection and electrodes 2 and 3 for
voltage sensing may be tested followed by a combination
of electrodes 3 and 6 for current signal injection and elec-
trodes 4 and 5 for voltage sensing.

[0213] In the above the inventive concept has mainly
been described with reference to a limited number of ex-
amples. However, as is readily appreciated by a person
skilled in the art, other examples than the ones disclosed
above are equally possible within the scope of the inven-
tive concept, as defined by the appended claims.
[0214] For instance, although it is described that pa-
rameters are modified in a certain order during parameter
modification in order to find settings allowing bicimped-
ance signal acquisition to be made with high quality, it
should be realized that another order may be used and/or
fewer or more parameters may be used.

Claims

1. An electronic system (100) for bioimpedance signal
acquisition, comprising:

a current signal injection module (10) configured
for generating a current signal (S1) that is to be
applied to a subject;

a bioimpedance signal measurement module
(20) configured for measuring a bioimpedance
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signal (S2) based on a voltage generated by the
current signal (S1) applied to the subject;

a data quality detection module (30) configured
for detecting an AC and/or a DC level of the
measured bioimpedance signal (S2) and detect-
ing whether the AC and/or DC level of the meas-
ured bioimpedance signal (S2) is within or out-
side an AC reference value range and a DC ref-
erence value range, respectively; and

a signal adaptation module (40) configured for
modifying at least one parameter of the current
signal injection module (10) and/or the bioim-
pedance signal measurement module (20)
based on said detection whether the AC and/or
DC level of the measured bioimpedance signal
(S2) is within or outside an AC reference value
range and a DC reference value range, respec-
tively.

A system (100) for bioimpedance signal acquisition
according to claim 1, wherein the AC reference value
range and the DC reference value range are prede-
fined value ranges, value ranges defined by perform-
ing a system calibration, or value ranges defined by
performing a parameter modification by the signal
adaptation module (40).

A system (100) for bioimpedance signal acquisition
according to claims 1 or 2, wherein the AC reference
value range relates to the changes in bioimpedance
due to respiration and the DC reference value range
relates to a change in DC level of the bioimpedance
signal measurement module (20).

A system (100) for bioimpedance signal acquisition
according to any of the preceding claims, wherein
the data quality detection module (30) is configured
for sending a control signal (CS) to the signal adap-
tation module (40) when the AC and/or DC level of
the measured bioimpedance signal (S2) is within or
outside the reference value range.

A system (100) for bioimpedance signal acquisition
according to claim 4, wherein the control signal (CS)
indicates to the signal adaptation module (40) when
to start and stop modifying the atleast one parameter
of the current signal injection module (10) and/or the
bioimpedance signal measurement module (20).

A system (100) for bioimpedance signal acquisition
according to claims 4 or 5, wherein the data quality
detection module (30) is configured for detecting a
subjects’ respiratory event before sending the con-
trol signal (CS) to the signal adaptation module (40)
to start parameter modification.

A system (100) for bioimpedance signal acquisition
according to any preceding claim, wherein the signal
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10.

1.

12.

13.

14.

34

adaptation module (40) is configured for modifying
an amplitude of the generated current signal (S1), a
frequency of the generated current signal (S1), a
gain of the measured bioimpedance signal and/or or
electrodes to be included in an electrode pair for
measuring the bioimpedance signal.

A system (100) for bioimpedance signal acquisition
according to any one of the preceding claims, where-
in the signal adaptation module (40) is configured
for increasing or decreasing a value of the at least
one parameter in dependence of a relation between
the detected AC level and the AC reference value
range and/or the detected DC level and the DC ref-
erence value range.

A system (100) for bioimpedance signal acquisition
according to any preceding claim, wherein the data
quality detection module (30) is configured for mon-
itoring the AC and/or DC level of the measured bio-
impedance signal (S2) continuously or at predeter-
mined time intervals.

A system (100) for bioimpedance signal acquisition
according to any preceding claim, further comprising
a posture detection module (50) for detecting a pos-
ture of a subject and wherein the data quality detec-
tion module (30) is configured for monitoring the AC
and/or DC level of the measured bioimpedance sig-
nal (S2) when a posture change is detected by the
posture detection module (50).

A system (100) for bioimpedance signal acquisition
according to claim 10 wherein the signal adaptation
module (40) is configured for modifying the at least
one parameter of the current signal injection module
(10) and/or the bioimpedance signal measurement
module (20) further based on posture information
from the posture detection module (50).

A system (100) for bioimpedance signal acquisition
according to claims 10 or 11, wherein appropriate
settings for the at least one parameter of the current
signal injection module (10) and/or the bioimped-
ance signal measurement module (20) is determined
for a subject for different postures of the subject and
the determined settings are stored for re-using the
at least one parameter as initial settings when a pos-
ture change is detected by the posture detection
module (50).

A wearable device for biosignal acquisition compris-
ing a system (100) for bioimpedance signal acquisi-
tion according to any preceding claim.

A method for bioimpedance signal acquisition com-
prising, in an electronic system according to any of
claims 1 to 12:
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generating a current signal (S1) and applying
that signal to a subject;

measuring a bioimpedance signal (S2) based
on avoltage generated by the current signal (S1)
applied to the subject;

detecting an AC and/or a DC level of the meas-
ured bioimpedance signal (S2) and detecting
whetherthe AC and/or DC level of the measured
bioimpedance signal (S2) is within or outside an
AC reference value range and a DC reference
value range, respectively; and

modifying at least one parameter of the current
signal injection module and/or the bioimped-
ance signal measurement module based on
said detected AC and/or a DC level of the meas-
ured bioimpedance signal (S2) being within or
outside an AC reference value range and a DC
reference value range, respectively.

15. A computer program product or computer readable
storage medium comprising computer program code
means adapted for bioimpedance signal acquisition
according to the method of claim 13 when said pro-
gram is run on a system according to any of claims
1to 12.
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