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7) ABSTRACT

A method of determining a respiration rate from a signal
representative of a recorded respiration episode comprises
identifying two or more uncorrupted segments within the
signal, the uncorrupted segments being separated by cor-
rupted segments, identifying the longest of the uncorrupted
segments or the segment with a lowest average absolute
deviation (AAD) between respiration peaks or troughs, and
determining a respiration rate from the longest uncorrupted
segment or the segment with the lowest AAD.
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RESPIRATION MONITORING METHOD AND
SYSTEM

FIELD OF THE INVENTION

[0001] This invention relates to a respiration monitoring
method and a system for carrying out the same. Aspects of the
invention also relate to a processor for a respiration monitor-
ing system.

BACKGROUND TO THE INVENTION

[0002] Many systems for processing respiration signals and
extracting patient respiration rates involve techniques that
demand high computational power due their mathematical
complexity and/or require multiple sensors for the simulta-
neous acquisition of reference signals used to reduce noise
levels in the signals of interest. However, because such sys-
tems require long processing times and large memories, they
are unsuitable for use in low-cost wearable wireless devices
which are battery-operated and therefore require low power
consumption.

[0003] It is also known to determine respiration rates by
employing simple frequency or time-domain analysis based
on zero-crossing and/or threshold-based peak detectors.
While these techniques can be employed in relatively accu-
rate devices with low computational cost, they rely on a
history of continuously acquired correct breath detections for
adjusting threshold levels and other variables so as to permit
future correct breath detections. In addition, these simple
time-domain algorithms are incapable of identifying either
those signals corrupted by patient motion or those that are
erratic and clinically irrelevant such as those resulting from
talking, coughing or swallowing.

[0004] It is therefore an aim of the present invention to
provide a respiration monitoring method and system that
addresses at least some of the aforementioned problems.

SUMMARY OF THE INVENTION

[0005] According to a first aspect of the present invention
there is provided a method of determining a respiration rate
from a signal representative of a recorded respiration episode,
the method comprising identifying two or more uncorrupted
segments within said signal, the uncorrupted segments being
separated by corrupted segments, identifying the longest of
the uncorrupted segments or the segment with a lowest aver-
age absolute deviation (AAD) between respiration peaks or
troughs, and determining a respiration rate from the longest
uncorrupted segment or the segment with the lowest AAD.

[0006] Embodiments of the present invention therefore
provide a method capable of selecting and processing only
good quality sections of data from a respiratory waveform.
This not only reduces the computational and power require-
ments for the system but also ensures that the respiration rate
is not inadvertently affected by data that may have been
corrupted, for example, by motion, talking, coughing or swal-
lowing.

[0007] The present invention provides two alternative
methods for obtaining a respiration rate from the uncorrupted
signals. In both cases, the calculation of the respiration rate is
based solely upon uncorrupted segments of data. In the case
where the longest uncorrupted segment is used, the method
will be less computationally intensive and in the case where
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the segment with the lowest AAD is used, the calculated
respiration rate may be more representative of the actual
respiration rate.

[0008] It will be understood that in the method of the
present invention the respiration rate is calculated as a single
value number obtained from an epoch of data.

[0009] The method may comprise the step of a user select-
ing, within that epoch of data, whether the longest uncor-
rupted segment will be used to calculate the respiration rate or
whether the segment with the lowest AAD will be used to
calculate the respiration rate.

[0010] Where more than one segment is identified as hav-
ing the same longest length, the earliest identified segment
may be chosen as the longest uncorrupted segment.

[0011] Where more than one segment is identified as hav-
ing the same lowest AAD, the earliest identified segment may
be chosen as the segment with the lowest AAD.

[0012] The uncorrupted segments may be identified
dynamically or retrospectively.

[0013] The method may further comprise deriving at least
one threshold from said signal and/or said uncorrupted seg-
ments and using the at least one threshold in any or all of the
steps above.

[0014] The method may further comprise the step of com-
municating the respiration rate to a base station. The respira-
tion rate may be wirelessly communicated to the base station.
[0015] The step of identifying the uncorrupted segments
may comprise checking whether a gradient and/or amplitude
of the signal does not exceed a pre-determined threshold.
[0016] The step of identifying the uncorrupted segments
may comprise identifying peaks and/or troughs in the signal,
obtaining intervals between adjacent peaks and/or adjacent
troughs, computing changes in said intervals and determining
whether such changes exceed a pre-determined threshold.
[0017] The step of identifying the uncorrupted segments
may comprise calculating a first average absolute deviation
between adjacent peaks and a second average absolute devia-
tion between adjacent troughs, combining the first and second
average absolute deviations to obtain a normalised threshold
and determining whether either of the first or second average
absolute deviations exceeds the normalised threshold. The
first average absolute deviation may be calculated by identi-
fying peaks in the signal, obtaining intervals between adja-
cent peaks, calculating a mean peak interval, and computing
the average absolute deviation of said intervals. The second
average absolute deviation may be calculated by identifying
troughs in the signal, obtaining intervals between adjacent
troughs, calculating a mean trough interval, and computing
the average absolute deviation of said intervals. The step of
combining the first and second average absolute deviations
may comprise multiplying the sum of the first and second
average absolute deviations by a weighting factor.

[0018] The method may further comprise pre-processing
the uncorrupted segments prior to determining the respiration
rate.

[0019] The step of pre-processing may comprise one or
more of:
[0020] (i) data centring;
[0021] (ii) gain adjustment;
[0022] (iii) passing the segments through a self-tunable
filter;
[0023] (iv) passing the segments through a low and/or

high pass filter.
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[0024] The self-tunable filter may be configured to cancel
noise produced by dynamic changes in the impedance of a
monitored heart as it expands and contracts. The self-tunable
filter may use heart rate information to adjust a cut-off fre-
quency in accordance with a frequency of concurrent cardio-
genic contaminants.

[0025] The method may further comprise the step of respi-
ration event checking comprising one or more of:

[0026] (i) identifying peaks and/or troughs outside a
noise margin window;

[0027] (i) classifying a peak as an inhalation event only
if it is preceded by an exhalation trough;

[0028] (iii) classifying a trough as an exhalation event
only if it is preceded by an inhalation peak;

[0029] (iv) discarding an inhalation and/or exhalation
event if it would result in a respiration rate exceeding an
expected maximum;

[0030] (v) discarding an inhalation and/or exhalation
event if its amplitude is less than any one of 20%, 30%,
40% or 50% of the previous inhalation/exhalation event.

[0031] Advantageously, the method may comprise deter-
mining whether an inhalation and/or exhalation event has an
amplitude which is at least a preset percentage of the ampli-
tude of the previous inhalation/exhalation event. The method
may therefore not comprise use of any average amplitude
values.

[0032] The method may further comprise performing a
periodicity check, after the step of respiration event checking,
to determine whether the variability in intervals between two
adjacent peaks and/or two adjacent troughs exceeds a pre-
determined threshold.

[0033] The method may further comprise the step of valid-
ity checking comprising calculating the number of valid
peaks and/or troughs detected and evaluating whether the
number is greater than or equal to a pre-determined minimum
required to calculate a valid respiration rate.

[0034] The method may further comprise verifying
whether an average absolute deviation for the interval
between adjacent valid peaks does not exceed a preset value
and/or an average absolute deviation for the interval between
adjacent valid troughs does not exceed a preset value.

[0035] The respiration rate may be calculated as the mean
or median respiratory rate obtained using valid inhalation
and/or exhalation events obtained from said identified uncor-
rupted segment.

[0036] The method may further comprise generating an
error signal when the signal representing the respiration epi-
sode does not contain at least two segments of contiguous
uncorrupted data and/or when any calculated values exceed
their respective thresholds.

[0037] According to a second aspect of the present inven-
tion there is provided a respiration monitoring system for
monitoring respiration to determine a respiration rate from a
signal representative of a recorded respiration episode, the
system comprising:
[0038] asensor for generating a signal representative of
a recorded respiration episode; and

[0039]
[0040] identifying two or more uncorrupted segments

within said signal, the uncorrupted segments being
separated by corrupted segments,

a processor configured for:
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[0041] identifying the longest of the uncorrupted seg-
ments or the segment with a lowest average absolute
deviation (AAD) between respiration peaks or
troughs, and

[0042] determining a respiration rate from the longest
uncorrupted segment or the segment with the lowest
AAD.

[0043] The sensor may comprise an impedance pneumog-
raphy device configured to generate said signal.

[0044] The system may be configured as a wearable wire-
less device.
[0045] The system may be configured a low-power battery-

operated disposable device.

[0046] According to a third aspect of the present invention
there is provided a processor for a respiration monitoring
system for monitoring respiration to determine a respiration
rate from a signal representative of a recorded respiration
episode, said processor configured for:

[0047] identifying two or more uncorrupted segments
within said signal, the uncorrupted segments being sepa-
rated by corrupted segments,

[0048] identifying the longest of the uncorrupted seg-
ments or the segment with a lowest average absolute
deviation (AAD) between respiration peaks or troughs,
and

[0049] determining a respiration rate from the longest
uncorrupted segment or the segment with the lowest
AAD.

[0050] The features described above in relation to one
aspect of the invention may equally be applied to other
aspects of the invention and vice versa.

BRIEF DESCRIPTION OF THE DRAWINGS

[0051] The various aspects of the invention will now be
described in relation to the accompanying drawings in which:
[0052] FIG. 1 shows flow diagram for a method of moni-
toring respiration to determine a respiration rate according to
an embodiment of the present invention;

[0053] FIG. 2 shows a block diagram of a respiration moni-
toring system for carrying out the method illustrated in FIG.
11in accordance with an embodiment of the present invention;
[0054] FIG. 3illustrates a more specific embodiment of the
general method shown in FIG. 1, in accordance with another
embodiment of the present invention; and

[0055] FIG. 4 illustrates a signal representing a respiration
episode and how this is analysed in accordance with embodi-
ments of the invention.

DETAILED DESCRIPTION OF CERTAIN
EMBODIMENTS

[0056] FIG. 1 shows a flow diagram for a method 10 of
determining a respiration rate from a signal representative of
a recorded respiration episode, according to an embodiment
of the present invention.

[0057] Themethod 10 comprises a first step 12 of obtaining
a signal representative of a respiration episode. A second step
14 of identifying two or more uncorrupted segments within
the signal, the uncorrupted segments being separated by cor-
rupted segments, follows. A third step 16 is then undertaken
which comprises identifying the longest of the uncorrupted
segments or the segment with a lowest average absolute
deviation (AAD) between respiration peaks or troughs before
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a fourth step 18 of determining a respiration rate from the
longest uncorrupted segment or the segment with the lowest
AAD is carried out.

[0058] Accordingly, the method 10 can be used to deter-
mine whether a signal representing a respiration episode (e.g.
of 10 minutes duration) comprises two or more segments of
continuous uncorrupted data, which can be extracted, condi-
tioned (e.g. pre-processed) and compared with other similarly
obtained data segments to calculate a respiration rate from the
longest or most consistent (i.e. cleanest) segment. This
embodiment therefore provides a method 10 which is capable
of selecting and processing only good quality sections of data
from a respiratory waveform. This has advantages in reducing
the computational and power requirements for a system car-
rying out the method, as well as ensuring that the respiration
rate is more accurately calculated since corrupted data (e.g.
affected by motion, talking, coughing or swallowing) is
reduced or eliminated prior to the calculation of the respira-
tion rate. In addition, there is no requirement to wait until a
complete uncorrupted episode of a specific length (e.g. 1 min)
has been obtained before a respiration rate can be calculated
because usable parts of corrupted episodes can be extracted to
provide a respiration rate within a shorter period of time.
[0059] FIG.2illustrates a respiration monitoring system 20
for carrying out the method 10 of FIG. 1 in accordance with an
embodiment of the present invention. The system 20 com-
prises a sensor 22 for generating a signal representing a res-
piration episode and a processor 24. The processor 24 is
configured for identifying at least two uncorrupted segments
within the signal, the uncorrupted segments being separated
by corrupted segments. The processor 24 is also configured
for identifying the longest of the uncorrupted segments or the
segment with a lowest average absolute deviation (AAD)
between respiration peaks or troughs before determining a
respiration rate from the longest uncorrupted segment or the
segment with the lowest AAD.

[0060] Intheembodiment showninFIG. 2, the system 20 is
configured as a low-power battery-operated wearable device
having a transceiver 26 configured for wireless communica-
tion with a base station 30 (which may be constituted by a
remote computer). In other embodiments, other communica-
tion methods may be employed such as those operated over
fixed lines, for example, in local area networks.

[0061] The sensor 22 comprises a single-lead electrode
impedance pneumography device configured to generate the
signal to be processed by the processor 24. The respiration
rate calculated by the processor 24 is then transmitted via the
transceiver 26 to the base station 30. Local processing of the
respiratory data (by the sensor 22) allows less data to be
transmitted to the base station 30, extending the battery life of
the sensor 22. It will be understood that a plurality of systems
20 may be configured to communicate with the base station
30 so that, for example, the base station 30 can provide
respiration rates for a number of patients wearing the systems
20 on their chests.

[0062] The system 20 may be configured to record the
patient’s respiratory activity in a discontinuous but cyclical
fashion. For example, the system may record a full respiration
episode of 1 minute duration and begin processing this to
determine if it contains any segments of continuous uncor-
rupted data for at least 10 seconds. In other embodiments the
minimum period of uncorrupted data required to calculate a
valid respiration rate from the segment may be 1 minute. If the
processor does not obtain at least the minimum period (in this
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case, 10 seconds) of continuous uncorrupted data from a
single respiration episode the sensor 22 will record another
respiration episode and the above process will be repeated
until at least the minimum period of uncorrupted data is
obtained. Once an uncorrupted segment has been so obtained,
it will be further processed before being used to calculate the
respiration rate.

[0063] The processor 24 may be configured to periodically
transmit to the base station 30 a result for the respiration rate.
If a suitable period of uncorrupted data has been obtained the
result will be a valid respiration rate in breaths per minute
(BrPM). In all other circumstances, the result may take the
form of a message code indicating that the signal was erratic
or invalid and so no valid respiration rate could be obtained.

[0064] FIG. 3illustrates a more specific embodiment of the
general method shown in FIG. 1, in accordance with a par-
ticular embodiment of the present invention. The method 40
shown in FIG. 3 includes a number of rules which are checked
at different stages of the process in order to reject data seg-
ments either severely corrupted by motion or not clinically
relevant. The method 40 is started 42 as soon as a signal for a
1 minute respiration episode has been obtained from the
sensor 22 and stored in a buffer (not shown). This data is first
passed through a step 44 of determining whether the signal
comprises at least one segment of continuous uncorrupted
data for at least 10 seconds (as specified in a stored value
representing the pre-determined minimum segment dura-
tion). In other embodiments, the minimum segment duration
may be setto 5, 15, 20 or 30 seconds. Similarly, the respira-
tion episode need not be limited to 1 minute and may, for
example, last 30 seconds, 2 minutes, 3 minutes or 5 minutes.
Furthermore, the respiration episode may or may not have a
duration equivalent to the minimum period of uncorrupted
data.

[0065] Insomeembodiments, step 44 may comprise check-
ing whether the signal is severely distorted and/or fragmented
by motion. Accordingly, step 44 may be carried out by a
motion detector and/or discriminator module. As well as
being able to distinguish between entirely severely corrupted
and clean respiration signals, this module is also capable of
partially recovering uncorrupted segments of genuine respi-
ration data. Thus, the module evaluates whether the respira-
tion episode contains at least one 10 second segment of con-
tinuous (or contiguous) uncorrupted data. This step 44 can be
carried out by analysing the slope and amplitude characteris-
tics of the waveform, rejecting entire corrupted episodes and
accepting segments of data from which a reliable respiration
rate could potentially be extracted. The accepted episodes and
segments of usable data are then stored in a memory (e.g. in
an array) for further processing and verification as will be
explained in more detail below.

[0066] More specifically, the motion detector and discrimi-
nator module according to the present embodiment of the
invention operates as follows in order to carry out step 44.
Firstly, a start pointer and an end pointer are used to initially
point to a start position and an end position of a data buffer,
which is initially loaded with signal data representing the
whole of a respiration episode. The motion (artefact) detector
module then carries out the following stages in order to
update the start and end pointers so that they encompass only
uncorrupted segments of the data:

[0067] 1) Gradient and amplitude check;
[0068] 2) Analysis of step changes in periodicity;
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[0069] 3) Calculation of Average Absolute Deviation
(AAD) in the periodicity of the waveform.

Stage 1—Gradient and Amplitude Check

[0070] The gradient of the signal is checked to ensure that
itdoes not exceed a pre-determined gradient threshold. In this
embodiment, the gradient threshold is stored in memory and
is set to correspond to that ofa perfect sinusoidal wave having
a frequency of 2Hz. If any portions of the signal have a
gradient that is steeper than the gradient threshold, such por-
tions are rejected and the start and end pointers are updated to
encompass only data that does not exceed the gradient thresh-
old.

[0071] Similarly, the amplitude of the signal is checked to
ensure that it does not exceed a pre-determined amplitude
threshold. In this embodiment, the amplitude threshold is
stored in memory and is set to correspond to two thirds of a
maximum possible amplitude value. If any portions of the
signal have an amplitude that exceeds the amplitude thresh-
old, such portions are rejected and the start and end pointers
are updated to encompass only data that does not exceed the
amplitude threshold.

[0072] Stage 2—Analysis of Step Changes in Periodic-
ity

[0073] A peak detector (as described in the prior art) is next
run through the segment of data identified in the previous
stage rather than the original 60 seconds worth of data in order
to save processing time and battery life. The output from the
peak detector is a set of peak and trough locations. Changes in
the peak to peak (and/or trough to trough) intervals are then
computed and are deemed to be motion artefacts if they
exceed a threshold S calculated in accordance with equation
1 below, in which T, represents a peak 1o peak (or trough to
trough) interval, subscript , represents a particular interval in
time, and max(T, T, ;) represents the maximum difference
between adjacent peak to peak (or trough to trough) intervals.

L-Tl 1)
max(Ty. 1)

[0074] The start and end pointers are then updated to
exclude data not falling within the threshold limit.

[0075] If, during either of the above two stages, the start and
end pointers are adjusted to encompass less than 10 seconds
of data, the module will generate a signal to indicate that a
valid respiration rate cannot be calculated and the sensor 22
may be instructed to obtain a signal for a further 1 minute
respiration episode.

Stage 3—Calculation of Average Absolute Deviation (AAD)

[0076] If, however, more than 10 seconds of data is encom-
passed by the start and end pointers at the end of the above two
stages, the Average Absolute Deviation (AAD) of the peak to
peak (and trough to trough) intervals will be computed using
equation (2), where N is the total number of peak to peak (or
trough to trough) intervals in the data set and p is the mean
interval value.

Dec. 12,2013

N-1
AAD=(L/N) Y ITi =

-0

[0077] A normalized threshold value L is then determined
in accordance with equation (3) by multiplying the sum of the
AAD values for the peaks and the troughs by a weighting
factor of 0.15. (In other embodiments, a different weighting
fact may be used.)

L=0.15(44D,

[0078] An invalid signal is generated if either of the AAD-
peats O 44Dmoughs values exceeds the normalised threshold
value L calculated in equation (3).

[0079] In addition, if during this stage, the start and end
pointers are adjusted to encompass less than 10 seconds of
data, the module will generate a signal to indicate that a valid
respiration rate cannot be calculated and the sensor 22 may be
instructed to obtain a signal for a further 1 minute respiration
episode. However, if after all three stages described above,
the start and end pointers still encompass at least 10 seconds
of uncorrupted data, this segment is further processed as will
be described below in order to calculate a respiratory rate.
[0080] The next step of the method 40 is to perform a
conditioning stage 46 on the data encompassed between the
start and end pointers. Note, depending on the levels of cor-
ruption in the original respiration signal, this process may be
applied to the whole of the episode (which has passed through
the above stages) or only on a segment of the original signal
which has survived the above stages.

[0081] The conditioning stage 46 comprises data centring
(to remove any offset associated with the signal) and gain
adjustment 48. Tt is noted that data centring is important not
only because subsequent processes (which will be described
below) require positive and negative values but also because
it provides a solution for dealing with input offset errors
which can vary across devices.

[0082] The conditioning stage 46 also comprises passing
the signal through a self-tunable digital notch filter 50 to
cancel in-band noise produced by dynamic changes in the
impedance of the heart as it contracts and expands. Such a
filter can be described as a ‘heat-bump’ filter which uses heart
rate information to adjust its cut-off frequency in accordance
with the frequency of concurrent cardiogenic contaminants.
Analogue hardware filters of this type are known and have
been adapted as software digital filters for use in embodi-
ments of the present invention.

[0083] Once heart artifacts have been removed, the signal is
further processed by first-order recursive low and high pass
filters 52, whose coefficients are calculated for a sampling
rate of 25 Hz and cut-off frequencies of 2 Hz and 0.1 Hz
respectively. Thus, other sources of contamination outside of
the respiration bandwidth (e.g. from muscle and mains noise)
are successfully removed, allowing the method to accurately
detect respiration activity within 4 and 120 BrPM.

[0084] The next step is to pass the signal through the res-
piration events detection module 54 once more. In embodi-
ments of the invention, this module 54 comprises a three-
point sliding window peak/trough detector and a routine that
identifies respiration events (i.e. inhalation peaks and exha-
lation troughs) based on a number of rules and static thresh-
olds associated with typical amplitude and time domain fea-
tures of impedance pneumography respiration signals 60, as

+44D rmughs) (3)
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illustrated in FIG. 4. More specifically, the module searches
for peaks and troughs outside of a noise margin window
(delimited by hysteresis borders na_th and nb_th in FIG. 4).
As illustrated, inhalation to inhalation (I-I) and exhalation to
exhalation (E-E) intervals are calculated as the distances
between adjacent maximum peak values and adjacent mini-
mum trough values, respectively. These intervals are stored in
buffers and used later for the calculation of the respiration rate
from either the mean or median values of the I-I and E-E
intervals.

[0085] In addition to the artefact and other noise checks
described above, this module considers further possible exist-
ence of undetected and unfiltered noise. Accordingly, the
module 54 implements a number of conditions or rules to
avoid misdetection and false detection of respiration events.
These rules are listed below (in no particular order):

[0086] 1. A peak is classified as an inhalation event only
if it is preceded by an exhalation trough.

[0087] 2. A trough is classified as an exhalation event
only if it is preceded by an inhalation peak.

[0088] 3. Aninhalation orexhalation event is regarded as
genuine and stored in its respective buffer if it has not
occurred quicker than a time limit threshold correspond-
ing to that which would occur for a maximum expected
respiration rate (e.g. 120 BrPM).

[0089] 4. An inhalation event or exhalation event is
regarded as valid if its amplitude is at least 20% of the
previous one and it is outside of the preset noise hyster-
esis borders (na_th and nb_th). Some existing methods
employ average amplitude values calculated over sig-
nificantly longer time periods (i.e. including many inha-
lation and exhalation events) in order to classify respi-
ration events. Such techniques are often therefore unable
to handle sudden mean level changes in amplitude (as
can be experienced when analysing relatively small iso-
lated segments of data in accordance with the present
invention) and so missed breath detections can occur
with these standard methods. On the contrary, the con-
dition employed here permits rapid adaptation of the
system to changes in amplitude which can occur particu-
larly when using discontinuous segments of data from
which successive respiration rates can be calculated.

[0090] In relation to the above, it is clear from FIG. 4 that
some local peaks and local troughs may be identified during
the analysis of the signal but as these peaks and troughs donot
meet all of the requirements listed above, they will not be
classified as inhalation peaks or exhalation troughs and will
therefore be discounted from any calculation of a respiration
rate.

[0091] After the respiration events detection module stage
54, the signal undergoes a periodicity check 56 where remain-
der noise is searched for, which is only identifiable by its
non-periodic behaviour. During this stage 56, the system
makes use of the inhalation and exhalation events identified
by the respiration events detection module 54. During the
periodicity check 56, the system searches for periodicity
irregularities in inhalation to inhalation (I-I) and exhalation to
exhalation (E-E) intervals. The periodicity module essen-
tially looks for substantial variability between signal peaks
(or troughs).

[0092] More specifically, the periodicity module checks
whether the absolute difference between every two adjacent
signal peak to peak (or trough to trough) intervals (normalised
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by the position of the furthest one) exceeds a preset threshold,
in accordance with equation (1) above.

[0093] If the signal (or segment) does not pass the period-
icity check 56, an invalid signal 58 is generated and the sensor
22 may be instructed to obtain a signal for a further 1 minute
respiration episode for processing as described above. If,
however, the signal (or segment) passes the periodicity check
56 it proceeds to the next stage. The uncorrupted segments of
data are therefore first identified by step 44, before condition-
ing in step 46, and are once again analysed during the peri-
odicity check 56 to ensure that the data is still in a suitable
condition for calculating a respiration rate. The size of each
segment is reduced accordingly at each stage in order to filter
out unwanted or erroneous parts of the signal.

[0094] The signal is then passed through a statistical valid-
ity check 62 to determine whether enough respiration peaks
and troughs have been detected (i.e. whether the segment is
still of a sufficiently long length) in order to calculate a breath
rate per minute (BrPM). In addition, this step 62 may verify
whether the average absolute deviation (AAD) between
neighbouring inhalation events and/or neighbouring exhala-
tion events is reasonable (i.e. does not exceed a preset thresh-
old). The use of AADs in this step is advantageous because it
can provide an indication that is close to a standard Gaussian
deviation (e.g. within about 80% of standard deviation) but
with significant computational efficiency. This is because
commonly used statistical measures such as variance or stan-
dard deviation involve compute and energy intensive arith-
metic (e.g. power and square root) calculations whereas the
AAD can be implemented using only sums and multiplica-
tions. In addition, the AAD is not as sensitive to outliers and
is more efficient as an estimate of a population parameter in
real-life situations where the data is not distributed normally.
Accordingly, it is believed that the use of AAD values is
important in the assessment of the signal integrity. It is also
advantageous that AAD calculations can be easily imple-
mented in fixed-point microcontroller processors as
employed in systems like that shown in FIG. 2.

[0095] If the signal does not pass the statistical validity
check 62, an invalid signal 58 is generated and the sensor 22
may be instructed to obtain a signal for a further 1 minute
respiration episode for processing as described above.

[0096] Ifthe signal passes the statistical validity check 62,
the system will then calculate the mean (or median) respira-
tory rate in step 64. This is performed using the stored I-I and
E-E intervals obtained from either the longest uncorrupted
segment or the segment with the lowest AAD, which is stored
in the buffer after completion of the above steps. The respi-
ration rate may then be transmitted to a base station as
described above.

[0097] Advantages of the present invention are that com-
putational savings, cost savings, power savings and time sav-
ings may be realised since the method is largely only required
to analyse uncorrupted segments of data of a useful size. At
any point, if at least a minimum duration (e.g. 10 seconds) of
uncorrupted data is not available, the algorithm will terminate
and the sensor 22 may be instructed to obtain a further set of
data for processing.

[0098] Itshould benoted that all of the thresholds and limits
employed in the embodiments described above were deter-
mined from simulations and from experimental evaluation of
a statistically acceptable number of respiration episodes
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obtained from healthy individuals and patients. In other
embodiments, other threshold levels may be set as appropri-
ate.

[0099] It will also be appreciated by persons skilled in the
art that various modifications may be made to the above
embodiments without departing from the scope of the present
invention. For example, features described in relation to one
embodiment may be incorporated into another embodiment
or vice versa.

1. A method of determining a respiration rate from a signal
representative of a recorded respiration episode, the method
comprising providing a starter pointer and an end pointer to
point to a start position and an end position of the signal
representative of the episode, updating the start and end point-
ers to identify the start and end positions of two or more
uncorrupted segments within said signal, the uncorrupted
segments being separated by corrupted segments, identifying
the longest of the uncorrupted segments or the segment with
a lowest average absolute deviation (AAD) between respira-
tion peaks or troughs, and determining a respiration rate from
the longest uncorrupted segment or the segment with the
lowest AAD.

2. The method according to claim 1 further comprising the
step of a user selecting whether the longest uncorrupted seg-
ment will be used to calculate the respiration rate or whether
the segment with the lowest AAD will be used to calculate the
respiration rate.

3. The method according to claim 1 wherein the uncor-
rupted segments are identified dynamically.

4. The method according to claim 1 wherein the uncor-
rupted segments are identified retrospectively.

5. The method according to claim 1 wherein the step of
identifying the uncorrupted segments comprises checking
whether a gradient and/or amplitude of the signal does not
exceed a pre-determined threshold.

6. The method according to claim 1 wherein the step of
identifying the uncorrupted segments comprises identifying
peaks and/or troughs in the signal, obtaining intervals
between adjacent peaks and/or adjacent troughs, computing
changes in said intervals and determining whether such
changes exceed a pre-determined threshold.

7. The method according to ¢laim 1 wherein the step of
identifying the uncorrupted segments comprises calculating a
first average absolute deviation between adjacent peaks and a
second average absolute deviation between adjacent troughs,
combining the first and second average absolute deviations to
obtain a normalised threshold and determining whether either
of the first or second average absolute deviations exceeds the
normalised threshold.

8. The method according to claim 7 wherein the step of
combining the first and second average absolute deviations
comprises multiplying the sum of the first and second average
absolute deviations by a weighting factor.

9. The method according to claim 1 further comprising
pre-processing the uncorrupted segments prior to determin-
ing the respiration rate.

10. The method according to claim 9 wherein the pre-
processing cornprises one or more of:

(v) data centring;

(vi) gain adjustment;

(vii) passing the segments through a self-tunable filter;

(viii) passing the segments through a low and/or high pass

filter.
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11. The method according to claim 1 comprising the step of
respiration event checking comprising one or more of:

(1) identifying peaks and/or troughs outside a noise margin

window;
(i) classifying a peak as an inhalation event only if it is
preceded by an exhalation trough;
(iii) classifying a trough as an exhalation event only if it is
preceded by an inhalation peak;
(iv) discarding an inhalation and/or exhalation event if it
would result in a respiration rate exceeding an expected
maximum;
(v) discarding an inhalation and/or exhalation event if its
amplitude is less than any one 0f20%, 30%, 40% or 50%
of the previous inhalation/exhalation event.
12. The method according to claim 11 further comprising
performing a periodicity check to determine whether the vari-
ability in intervals between two adjacent peaks and/or two
adjacent troughs exceeds a pre-determined threshold.
13. The method according to claim 1 further comprising
the step of validity checking comprising calculating a number
of'valid peaks and/or troughs detected and evaluating whether
the number is greater than or equal to a pre-determined mini-
mum required to calculate the valid respiration rate.
14. The method according to claim 1 further comprising
verifying whether an average absolute deviation for an inter-
val between adjacent valid peaks does not exceed a preset
threshold and/or an average absolute deviation for an interval
between adjacent valid troughs does not exceed a preset
threshold.
15. The method according to claim 1 wherein the respira-
tion rate is calculated as the mean or median respiratory rate
obtained using inhalation and/or exhalation events obtained
from said identified uncorrupted segment.
16. The method according to claim 1 further comprising
generating an error signal when the signal representing the
respiration episode does not contain at least two segments of
contiguous uncorrupted data and/or when any calculated val-
ues exceed their respective thresholds.
17. A respiration monitoring system for monitoring respi-
ration to determine a respiration rate from a signal represen-
tative of a recorded respiration episode, the system compris-
ing:
asensor for generating a signal representative of a recorded
respiration episode; and
a processor configured for:
providing a starter pointer and an end pointer to point to
a start position and an end position of the signal rep-
resentative of a recorded respiration episode,

updating the start and end pointers to identify the start
and end positions of two or more uncorrupted seg-
ments within said signal, the uncorrupted segments
being separated by corrupted segments,

identifying the longest of the uncorrupted segments or
the segment with a lowest average absolute deviation
(AAD) between respiration peaks or troughs, and

determining a respiration rate from the longest uncor-
rupted segment or the segment with the lowest AAD.

18. The system according to claim 17 wherein the sensor
comprises an impedance pneumography device configured to
generate said signal.

19. The system according to claim 17 configured as a
wearable wireless device,

20. The system according to claim 17 configured a low-
power battery-operated disposable device.
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21. A processor for a respiration monitoring system for
monitoring respiration to determine a respiration rate from a
signal representative of a recorded respiration episode, said
processor configured for:

providing a starter pointer and an end pointer to point to a

start position and an end position of the signal represen-
tative of a recorded respiration episode,

updating the start and end pointers to identify the start and

end positions of two or more uncorrupted segments
within said signal, the uncorrupted segments being sepa-
rated by corrupted segments,
identifying the longest of the uncorrupted segments or the
segment with a lowest average absolute deviation
(AAD) between respiration peaks or troughs, and

determining a respiration rate from the longest uncorrupted
segment or the segment with the lowest AAD.

22. (canceled)

23. (canceled)

24. (canceled)
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