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Feature Characterization for Breathing Monitor

Theinvention relates to a system, method and apparatus for monitoring respiratory activity.

Monitoring respiratory activity is of importance, for example, in detecting and measuring:
central apness, that is, cessation of breathing which can occur during and after an epileptic
seizure, in sudden infant death syndrome and in other instances; obaructivé apneas, mixed
apneas or hypopneas, which can occur for example when someone suffers sleep apnea;
Cheyne-Stoke respirations which can be associated with brain tumors or critical medical
scenarios; paradoxical breathing which may be seen in children with respiratory distress and
patients with éhronic airways obstruction; reduced respiratory drive for example in recovery
rooms after anesthesia; abnormal breathing rates which can be used in early warning score

systems; and many other medical and non-medical scenarios.

WO2007/0993 14 proposes amethod and apparatus for detecting respiration. The apparatus
obtains arespiration sound signal. The respiration sound signal isthen processed to identify
afrequency and amplitude component. An intermediate region between normal breath
sounds and no detected breath sounds is identified by identifying start and end points of a
breath signal and processing the signal accordingly. However, in some instances the start or
end point may be incorrectly identified, and/or respiratory pauses incorrectly detected and
classified asbreathing events, and/or respiratory eventsincorrectly detected and classified as
respiratory pauses, and/or noise/interference may beincorrectly detected and classified as

breathing or respiratory pauses.
Theinvention is set out in the claims.

Embodiments of the invention will now be described, by way of example, with reference to
the drawings of which:

Figure 1 shows a system overview;
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Figure 2 shows asimplified flow diagram of the breath related signal processing steps;
Figure 3 shows an example of anew segment definition (origina signal; envelopein
-one channdl);
-Figure 4 shows aflowchart of turning points detection;

Figure 5 shows aprocessed (envelope) one channel signal with an ambiguous starting
point;

Figure 6 shows abasic routine for a segmentation algorithm;

Figure 7 shows an apnea detection system;

Figure 8 shows the envelope from one of the channels for a respiratory cycle;
Figure 9 shows adistribution of breath overtones (with noise floor \
reduction);

Figure 10 shows an example of limiting area of spectral power distribution for three
channels.

Figure 11 shows a sequence of breath segments detections along with their classification

by the respiratory rate routine

An overview of the system isshown in figure 1. Anindividua 100 whose respiratory
activity ismonitored carries arespiration detector 102 to detect respiratory activity. The
detector 102 sends a signal, by any appropriate means for example telemetry networks such
as amobile phone network, to a base station 104 which then takes the appropriate action as
required and can display instantaneous acquired dataor stored data aswell as results of
analysis thereof ‘and other related information. For example where the monitor detects
cessation of breathing an alarm signa can beraised; or the breathing signal can be stored
over aperiod of time for long term analysis; or the sound of breathing could be played back.
In the case of the alarm this may be accompanied by patient treatment such as adrninistration

of amild electric shock or generation of an acoustic alarm to wake the patient up.

Additionally the signal (or fractions of it) in processed or unprocessed form, or parameters
related to it could be locally stored in the sensor's end. For example, the signal could be

directly processed in the sensor end and the numbers of expirations meeting predetermined
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~ criteria, for example with tidal volume below acertain value, such as 0.2 liters, during a
certain interval of monitoring could be locally stored, either on its own, or together with

- fractions of the raw signal corresponding to intervals of time during which the tidal volume is

- lower. Alternatively this information could be transmitted to abase station carried by the

patient, or directly to adoctor or acarer, either inreal time or on request.

The necessary processing apparatus may be included in either the detector 102 or the base
station 104 or in any suitable part of the system. n embodiments the detector 102 will at
least include one or more microphones or any sensor or equivalent means such asan
accelerometer that can measure relevant parameters such as sound or vibration for detecting
breath and attachment means to both position the sensor in a suitable location to detect breath
sounds or other signals and optimize long time body attachment and comfortability, as well
as ensure or enhance signal transmission (for example providing an optimum acoustic sea).

Any appropriate location and design of detector can be adopted. _

In overview the method described herein for breathing detection and analysis of breathing
characteristics isbased on amulti characteristic analysis of signals generated by the human or
animal body.

Firstly, the signal is split into several, for example four, frequency bands and then the
different bands are separately subjected to initial processing. The bands are not necessarily
independent, i.e. there can be some degree of overlapping between them. For example, one
band could go from 100 Hz to 200 Hz and another band could go from 150 Hz to 250 Hz.
Part of the initial processing can include subtracting interference that canbeinitialy
modelled with an analytical function. An example could beknown electromagnetic
environmental interference. It can also include eliminating residual offset created by for
example hardware elements in the processing chain. The absolute value of the signals
referred to their DC point within the bands can be taken or aternatively they can be subjected
torectification. After any of these steps, al the signals above a certain frequency can be

eliminated or smoothed out. Finally if the origina signal was sampled, at this stage, the signal



WO 2012/007719 PCT/GB2011/001056

can be downsampled. It will be appreciated that each of these steps can be adopted or
omitted asappropriate. For example downsampling isnot always required. The signal may

not have been sampled a al from the start, in which casethis wouldn't apply.

Secondly, the processed signal within the different bands is analysed by an algorithm such as
a segmentation algorithm (all or parts of which could be realized either in software or directly
in hardware). The results of this analysis are used to define segments of the original sensed
signal as candidate breaths (i.e. parts of the signal that could correspond to breath) or
respiratory pauses (i.e. parts of the signal that could correspond to periods between
inspiration and expiration or between two different breaths) or just noise or interference (i.e.
part of the signal that is corrupted by other events so it isnot possible to fully decide whether
it correspond to respiratory events, respiratory pause, or other artifacts, such as for example
by signals generated by other organs) . The segmentation algorithm thus defines the start and

end points more accurately than in known approaches.

Following the segmentation algorithm candidate segments are evaluated further within a
certain time interval in order to define whether they should be considered as a certain breath
event or not. For example, a candidate event may correspond to an inspiration or an
expiration. Also, acertain sequence of candidate events with some characteristics, like
reduced power, for an extended period of timemay correspond to a hypopnoea event.
Absence of candidate breaths events for an extended period of time with all characteristics
within certain ranges may correspond to an apnea and hence require triggering of an alarm.
Each of these gives auseful result and information for monitoring respiratory activity which
can be accepted or disregarded as appropriate in evaluating breathing. As multiple channels
are obtained, relationships between signal characteristics for different channels can be
analyzed. (Theterms "band" and "channel" are used interchangeably herein and will
generally refer to al frequency components between a start and stop frequency of asignal
which has been further subjected to theinitial processing described above).
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The system allows transmission or storage of raw or processed data and in one or multiple
channels. Asdiscussed in more detail below, the channels are analyzed to find several
parameters which are then compared between each other, or to certain threshold or boundary
conditions. Examples could be: ratios of certain functions of energy/power between different
_channel signals, which for example need to fit a certain function; envelope shape comparison
- ( the shape between the envelopes of the prpcessed signalswithin the different channels
should follow a certain trend for the segment to be considered as breath); comparison of
minimum or maximum related parameters with dynamic thresholds (the dynamic thresholds
aredefined based on the previous breath segmentsthat were considered as candidate events
with acertain degree of probability, except a the beginning of the process, i.e. when no
breath segment has been detected yet, when either fixed values can be considered or
aternatively they can be calculated as af'unction of aset of parameters extracted from the
acquired signals following the start of operation); comparison with different dynamically
updated noise floors for each of the channels; patterns followed by the signalsin different

channels.

Overall, these features combined result in aversatile algorithm which is robust and
independent of subject specific signal characteristic; or circumstance changes; aswell as
external and internal artifacts such asmusic, rubbing or movement and speech so that thereis

no need to calibrate between person to person.

Turning to the approach in more detail, the continuously detected signal is processed to
segment an individual occurrence of apossible breath, inspiration or expiration. These are
then assessed to determine whether they are actual breath signals, or "candidate breaths'(i.e.
they arelikely tobebreath events with avariable degree of probability). Candidate breaths
can then be further analyzed for respiratory monitoring. It isnot necessary that breath sound
segments are processed by all of the stages of the system. However, each stage will provide
more information and allow the system to have increased sensitivity and/or specificity in

determining respiration and/or identifying aparticular respiratory event, such as inspiration,
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expiration or other (i.e. each stage will increase the probability of a certain "candidate event"

being atrue event).

The main steps are shown a Figure 2 as comprising capturing body generated signals (step
110) using the detector 102 (Figure 1), initia splitting the signal into frequency bands (which
can have overlapprag between them) (stepl 13), with some previous pre-processing that may
include removing any interference that can be analytically modeled (step 112), some further
pre-processing of the bands, which can include further elimination of residual DC offset,
taking the absolute value or rectifying the signal or equivalent, within the bands and
smoothing the signals which can be done by removing frequencies above a certain one
(stepl 14), down sampling (stepl 16) of the shaped signal (thisis only necessary of courseif
the signal was originally sampled), parallel segmentation of the signal and noise floor
analysis (steps 119 and 120) and then analyzing the signals according to one or more
relationships between parameters in the different channels and how some of them relate to
dynamically updated thresholds. The analysis steps can include frequency (step 121) and
time domain (step 122) analysis, and comparison with self-adaptive thresholds (step 123)
which can be performed paralel to respiratory rhythm analysis (step 124) to obtain
respiratory status/information (step 125). Each of these stepsis described in more detail
below with reference to the remaining figures. It will be clear from figure 2 however that
steps 110 to 116 are preferably performed sequentially while others can be performed in
paralel.

The body generated breath related signal, for example sound, is captured at step 110 - thisis
typically performed continuously. Afterwards, the first goal of the process isto attenuate as
much as possible the non-breathing signal which may be aso captured by the sensor system
without compromising the breathing signal. This can be done in many different and
complementary ways. For example, ahigh pass filter could be used to eliminate low
frequency interference components such as mains electromagnetic interference. Also any

other electromagnetic interference that could be modeled but not filtered because it falls
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within the signal's frequency bands, could be directly subtracted from it. An example could
be electrical interference resulting from digital circuitry built into the sensor. If this falls
within the signal's band it could be either eliminated with ahigh order notch filter, or
aternatively, since it can be predicted, subtracted from the signal.

At step 113, the signal is further divided into more than one, for example three or four or
more frequency band channels. Suitable band channels could be 200 Hz to 350Hz, 300t0 500 -
Hz, 550 Hz to 700 Hz and 750 to 2 kHz. Note that neither the passband within a channel has
to beflat, i.e. different harmonics can be scaled in a particular way, nor do different bands
within different channels have to have the same shape. An example could be that in the lower
frequency channel the passband is attenuated by 50% with respect to the gain of the third
band. In the same way it isfound that introducing a constant delay to the harmonics within
the limits of the bands can help to more accurately compute differences between certain
parameters (such as those related to power ratio).

After the splitting of each signal into frequency bands a certain residual offset may appear in
different components, which can be eliminated for example using another high pass filter
with less than 200Hz cut-off frequency. The order of this filter can be as low as 1 (not
shown). Subsequently, apower related parameter has to be extracted for each one of the
bands. This can be done in different ways, involving for example obtaining the absolute value
of the signal once the DC component has been eliminated, or via any method of signal
rectification either in hardware or software. The next step is for each channel to smooth the
signalsin order to reduce fluctuation in the individua signals and capture the envelopes (step
114). Therefore, for example, alowpass filter can be used to remove the high frequency
contents of the signal (which caused the fluctuation). A possible cut-off frequency for this
filter could be 5Hz. Thereisno restriction on the minimum or maximum order of the filter. It
should be noted that the cut-off frequency of the filter isrelated to the maximum and
minimum breathing rate which it is necessary to accurately capture for the application, and
the order will determine how much of the out-of- the band interference, such as heart signal,
isremoved.
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At step 116 after removing high frequency contents for each band the envelope signal can be
downsampled with alower sampling frequency to that of the first bandpass filter. In the
already rectified and smoothed bands the required sampling frequency can be significantly
lower than in the original signal. The final number isrelated to the order of the smoothing
filters and the specific interference which will depend on many factors, including sensor
system construction. Downsampling will have the advantage of reducing the power
consumption, although it isnot necessary if the origina signal was not sampled. The
envelope signal for a channel is shown in figure 3 together with the original signal. At step
119 the envelope of the signal in either one or several channels is analyzed to find the precise
start and end point of candidate breath segments. In parallel, noise floor analysis 120 is
performed throughout the segmentation process 119.

For the sake of clarity or simplicity, let usrefer to one channel. Figure 3 shows a single
breath event (inspiration or expiration) lasting approximately from 60.4 to 62.7 seconds
roughly, together with the envelope in one channel. The effective length of time for asingle
inspiratory or expiratory event isrelated towhat isreferred to asthe segment length and the
start and end points ‘A’ and 'D'. These are determined from the envelope signal as described
below.

According to the approach described in WO2007/099314, an algorithm searches the
minimum or valley-bottom position (point 'F) of the input since the end of last iteration.
Next, once the input signal rises over the twice value of the minimum point, (point *B"), the
process changes to peak-seeking- finding the apex of the input signal denoted as *C’, When
the signal fallsbelow point 'D’, half of 'C’, it turns back to search for the valley point E '
again. Finaly, it works out the segment length from the time difference between the two

minimum points E * and ‘F".
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However, the period might not be calculated appropriately since this method can mistakenly
determine minima as the beginning and ending points of the candidate segment by assuming
the breath segments appear continuously and closely. The error caused by this may exceed
50% of the actual value due to the flat input signal during a breath pause period, which can

lead to failure of temporal domain recognition aswell as integral related conditions.

Referring to the approach described herein and with reference to the example depicted in
Figure 3, which shows the outline of the signal in one channel, the beginning point of the
segment in this particular example islocated a what we refer to as "segment start point A ',
which occurs before 'B' (although if accuracy isnot aproblem 'A' can also be approximated
by ‘B"). 'B' isthe point at which the signal isready for apex seeking (figure 6, after 'yes of
block 810) and represents also the point a which the envelope signal hasrisen a certain
proportion from acertain value which isrelated to acombination of certain identified rninima
in aplurality of bands. These minima do not necessarily have to be the latest ones to have
been identified within a channel, since these ones may be corrupted by noise. Points such as
'B' will bereferred to a"peak seeking entry point" in the following. Unlike in
W02007/0993 14 'B' does not necessarily have to be limited to twice the value of 'F*. The
fraction of the signal just before 'B' isalso characterized by a significant slope change. The
ending point of the segment should be approximated by point "D’ instead of E ', the
significance of which is explained below. Unlikein WO2007/0993 14, 'D" isnot limited to
half the value of 'C. Note also, that the ending point/time of the segment is not necessarily
the ending point of the candidate event. The latter can be ascaled version of it, or it could
also be approached by it plus a certain time.

Both the determination of the significant minima and theminimum slope aswell as the
restrictions upon them can take into account either all the channels or a subset of them. This
subset can be chosen as a function of their signal to noise characteristics. Note that any
significant time or signal values, such astime of occurrence of aminimum and its absolute
vél ue for one or aplurality of bands can betemporarily stored for example in alocal memory
or transmitted and these values can be dynamically updated as necessary.
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- After point 'D' has been identified the method starts again looking for "valleys' within the
different bands. A valley represent an absol ute minimum happening after the end of one
segment and before the peak seeking entry point” of the segment under evaluation
(Represented as points 'E' and 'F' in the example in Figure 3). Once these have been found
they are evaluated to see whether they correspond to valid positive turning points, i.e. turning
pdi nt which can bé used to determine the start point of a candidate breath segment, or not,

following amethod which is further discussed Iafer on.

According to the approach described herein, a certain minimum time threshold is established,
which can bethe same or different for one or several bands, as the maximum time taken by
the envelope signals to rise at the beginning of an inspiration or expiration event, for example
0.2 sfor bands 1 and 0.15s for band 2. Within this time period, the envelope signals haveto
rise to aconsiderable level compared to acertain pre-established value, which isnormally a
function of previously found "turning points" in aplurality of bands. For example, referring
to Figure 3, which represents one of the channels, assuming the hypothetical scenario as
shown in Figure 3 inwhich the turning point ‘A" (where the signal startsto rise) isto be
evaluated as the possible start point of the candidate segment, the time from point 'A’ to
point 'B' where point B has afraction, for exampletwice, of previously determined minimum
value 'F' should be lessthan 0.2s. Otherwise, any point within 0.2s prior to point 'B' canbe
taken as segment start point. Note that this point 'F' isnot necessarily equal to 'A" andit can
correspond to apreviously determined minimum or afunctional combination of minimum
values as it will be seenlater on. In other words, in order to limit the start point locating error
within acertain percentage from the shortest breath the time elapsed between the segment
starting point and the point where the system find the significant rise point (such as point B),
could be as low as 0.2 seconds. Additionally if there were more than one positive turning
point within acertain time distance before the entry point of the peak seeking routine then the
closest one istaken as the segment temporary start point (in order to further asses the validity

of thispoint as the start point it can additionally be verified as explained later).
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~ Positive or rising "turning” points (effectively relative minima) can be found following a
method such as the one as shown in Figure 4, Changes in slope of the envelope signals from
a least two channels are evaluated at regillar intervals. Measuring the slope can be done for
example taking samples from at |east two of the channels 610 at regular intervals and
evaluating the difference at step 620, for example with atime distance of 20 samples. Thisis
used to determine the degree of monotonicity of the signals, i.e. whether the signal is mostly
ihcreasi ng or decreasing. Of course, evaluation could also be'done in the continuous time
domain, i.e., sampling would not beneeded. Before step 640 is evaluated, any point inside
the 20 samples window could be the positive turning point. For example, the minimum point
in the window can be assumed as the positive turning point at step 630. Once at step 640 if

the change is positive, the result of positive turning point is latched.

Negative turning points (effectively relative maxima) can be found following an equivalent
procedure as depicted in steps 650, 660, 670 and 680. In this case, the slopes of the channels
are continuously being monitored until a negative trend with the same time window is found.
Generally, once anegative turning point is found the search for anegative turning point will
start and vj ceversareinitializing the whole process from steps 610 or 650 respectively.

However, it cannot always be guaranteed that the right segment starting position (determined
either from one, or from acombination of channels) can be foundjust by satisfying the
assumptions discussed above. An exception is shown in Figure 5 where noise corrupts the
beginning of the segment. The method could find awrong starting point 'A' for the segment
accidentally, for example, if the noise floor had increased. Usually, the exception will happen
when the noise floor is low. Because of this, verification of the temporary start point found
before the peak seeking entry point is beneficial for high sensitivity applications to overcome
the problem. Firstly, the maximum change (A, ; in figure5) of a signal related to apossible
starting point 'A" isrecorded for acertain time threshold, as an example 0.1 second, or T, in
Figure 5. After that, the method tries to find another positive turning point 'C* whilst at the
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same time searching for an apex. Once anew turning point is found the differences between
~ the instantaneous value of the envelope signal and the value of the new turning point 'C are
evaluated for the shortest of the following time periods:

1- Until apoint 'D" isdetected for which the difference A, exceeds the previous change AAB
within acertain percentage (for example, as shown in the Fig. 5 double)

2- Until acertain time threshold (T, in Figure 5) isreached. :

3; Until the signal has fallen below the threshold for the segment end point (explained in

subsequent paragraphs)

If 1- is shorter or equal to 2 and shorter than -3-, then 'C” will replace the old starting point
'A’, hence becoming the new valid turning point and the whole verification process will
restart fromit. If either 2- or 3- are shorter than 1- then 'A" has been verified asthevalid

turning point.

The apex can be found by finding maximums in the envelopes, in such away that if anew
maximum isfound this onemay replace the previous one as a candidate apex if the signal in-
between in one of several bands has not fallen to more than acertain percentage of their
respective candidate apex in one or several bands or a combination of the apex in more than
one band. However, if before a new maximum is found the signal has fallen to more than a
certain percentage of their respective apex in one or several bands or acombination of the
apex in more than one band, then the search for the apex may end, with the candidate apex
becoming the identified one. This isfurther explained later in the text.

The seeking of the end point of a segmented breath signal is as complex as seeking for the
segment starting point because the signal to noiseratio SNR tends to be low, i.e. it isdifficult
to differentiate the signal from the noise. Hence, it is very difficult to terminate the segment
exactly. Rather than detemining the end precisely, it is much easier to close the segment at
the time that the SNR isbelow a certain threshold. This decision can bebased on one or
several bands, and the threshold may be equal, or different depending on the bands.
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Therefore, the end point may be set a the point where the signal dropsto less than acertain
percentage of the apex value ('C inFigure 3), for example 30%. But, if the 30% of the apex

“vaueisnot higher than the value recorded at the segment starting point, this threshold can be
replaced by theinitial valuein the segment.

Additionally, from time to time the noise floors of the channels may vary making it difficult
to find the positions for the points based onjust its most adjacent maxima and minima. A
critical situation could happen when the SNR of the channels drops below a certain value. In
this situation the threshold for seeking point 'B' (asin Figure 3) which helps to define the
segment start may betoo high whereas the threshold for finding the segment end point 'D'
may be too low. Such points 'B' and 'D' would then not visible from the envelope signal,
because of the high noise floor. To overcome this weakness, the threshold of the peak seeking
entry point (i.e. point 'B') can be determined by the end point of the previous segment.
Similarly, the threshold for a segment end (i.e. point 'D’) can not be smaller than the point

'B' of the same segment. These two together make the segmentation method more robust to

variations of noise floor.

Analternative way of finding the end point, which may be useful for certain applications can
be based on monitoring the slope of the signal at thepoint at which it has fallen to any of the
values described in the previous paragraph and subsequent points after that. The end point

can be determined as the point at which the absolute value of the slope decreases to a certain

percentage of the slope monitored in the first pbi nt.

Figure 6 shows asimplified block diagram of the full routine for obtaining start and end
points of candidate breath segments (without including noise related techniques). These can
then be further analyzed by the routines described with reference to figure 2.

The signal istaken and avalley in the signal together with the position of the peak entry point
arebeing found at step 810. A temporary start'point will be chosen based on this which will
have to be further verified and updated if necessary at step 825, while simultaneously looking
for the apex a step 830. Once the apex isdetermined, the segment end point can also be
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found (step 840) asthe point a which the signal falls below acertain value which can either
be a percentage of the apex point, or apercentage of the previously found peak seeking entry
point, or a percentage of acombination of previous valley points found within the bands, or a

point at which there has been a significant slope change.

The signal is segmented at step 850»from the start point to the end point. The information in
each of the channels can now be used to assess a 'candidate breath event' as afraction of the
original sensed signal which contains an identified segment or afraction of it and has a
duration which is within certain pre-established limits. This returns a ‘candidate breath’ event
860. For example, a"candidate breath event" may beidentified asthe portion of the original
signal between the start and the end point of the segment if the duration of the segmentis
between 0.3s and 10s.The routine then returns to finding a valey 810 to begin identifying

more 'candidate breaths.

We now have asignal that isrepresentative of single breaths. | However, even though the
signal has already been filtered there will still be acertain level of noise within the signal.
The noise will not be constant over time and will be made of both background interference
and noise introduced by the system itself, which istermed collectively the "noise floor". The
noise floor will also vary between the differént channels and <o is determined independently
for each one of them. According to figure 2 thisisdone at step 120 as described in more
detail below.

Empirically the noise floor can be observed asthe minimum of the envelope signal within

respiratory pause sections between breath candidate segments. Under normal circumstances
there is atime gap between each segment, as discussed above, that contains the lowest point
of the signal. In one embodiment the RMS power, or afunction of it during these time gaps

could for example be used estimate of the noise floor.
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When identifying a pause section, itisnoted that, generally, the respiratory pauses between
the inspired and expired breath are shorter than the pause between each full respiratory cycle.
Also, the breathing pause within arespiratory cycle may betoo short for the envelope signd
to reach atrue minimum due to hardware delay. Thiscan lead to awrong noise estimation if
short time frames for noise evaluation are considered. Thisisillustrated in figure 8 which
shows an envelope signal of a complete single breath including inspiration and expiration.
The figure starts with arespiratory pause, then the level rises sharply from A to B dueto
inspiration. Before expiring a person normally pauses and the signa will fall causing alocal
minimum C before another maximum D during expiration, and another minimum E when the
whole respiratory phase finishes. The time frame for noise floor estimation and values
updating should be long enough to cover a least one respiratory cycle composed of two peak
segments and three breathing pauses and hence all the relevant minima should be stored. The
value of the noise floor estimates is calculated from the minimum of these buffer values and
used for the entire breath cycle. The estimated noise floor can optionally be removed from
the signal for each of the channels.

Further steps can be added to the method in order to increase the probability of assessing
correctly whether a candidate event is atrue event.

Referring to step 121 of Fig. 2 we can comparethe rel ationship between functions of power
of the envelope signals for identified segmentswithin different channels which are defined by
frequency bands with predetermined boundaries. Hence if the ratios are within the boundaries
the event ismore likely to be an inspiratory or expiratory event than if it is outside the
boundaries. These boundaries can also be different for inspiration and expiration. An example
of apossible method to do this i s described in the following equation. If the signal is

sampled, within a segment the power for one band after removi‘ng noise isrelated to:
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Segment End
P(CHi)gys of channelicc " (CH; ()~ CH; Noise Floor)
n=Segment Start

where CH; (n) = J Power of channel, () = EnvelopeSignal; (n)

M
and n is the sample number.

Figure 9 shows an example of the relationship between two possible sections of respiratory
overtones, 300 Hz to 500 Hz (Channel 2) and 550 Hz to 700 Hz (Channel 3) (both
normalized against the 200 Hz to 350 Hz band (Channel 1in this example, athoughit could
be another channel)), where the X and Y values are given by:

Segment End
" (CH2 - CH2 Noise Floor)
- P(CHZ) RMS _ SegmentStart

~ 2)
P CHI) Segment End (
(HD s > (CH1 -~ CH1 Noise Floor)

Segment Start

Segment End
" (CH3 - CH3 Noise Floor)
- P(CH3)RMS ~ Segment Start (3)

P(CHI Segmeut End
(CHDrus Z(CHI ~CH1 Noise Floor)

Segment Start

The channels are compared using theratios given in equations 2 and 3 above and plotted on
the graph. Figure 9 shows an example of possible instances of power distribution for
candidate segments over two of a plurality of bands: channel 2 (x) and channel 3 (y) each
compared with channel 1.

It can be seen that the breaths are concentrated in the region between
006>Y >1and01>X>12
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The density of dots in figure 9 isrelated to the probability for that signal with the particular
power distribution is caused by breathing. The figure shows that most breath signals have a
pattern of power distribution concentrated in alimited area. A boundary line "P’ can be
developed as shown in Fig. 10 surrounding tﬁe concentration of dots that defines the version
of most likely "power related" distribution. The boundary region can be approximated by at
least two polynomia equations which describe upper and lower boundaries. For an increased
sensitivity on breathing detection the system may be designed to only accept asvalid abreath
signal with characteristics contain inthe areawithin the boundary line 'P’. Hence, in the
example the dots within the boundary line can be considered to be breath signals whereas
outside the boundary line the candidate breath segments are not considered to be true breath

events.

This condition increases the sensitivity to detect apnea and avoid the situation in which
someone may not be breathing even though the algorithm might otherwise detect it as
breathing. This boundary line can aso dynémi cally change depending on other timerelated
conditions. For example, if asegment has atime duration smaller than a certain value, such
as0.15s, and at the begmning of the segment acertain channel isthe highest (for example
channel three) then the boundary lineto be considered for the relationship between the
powers of that channel and another one (for example channel one) is 'Pl >, whereas if the
duration is longer than 0.15s, the boundary line could be 'P2\ In the sameway, not al the
boundary conditions have to change if one of them changes, and extra ones could be added
depending on the instantaneous characteristics of the signal. Also, the boundaries can change
depending on whether a specific channel within the segment under evaluation isthe channel
with the highest signal to noiseratio, or it isnot, and if it isthe latter on whether that channel
has the highest value at the segment start point or not. An example of thisthat is found to
work for certain applications could be that all the channels have to meet the following
conditions to be considered as breathing segments:
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1- If'achannel isthe one with the highest signal to noise ratio in a candidate breath
segment, then this channel doesnot have to meet any condition.

2- If the channel is not the one with the highest signal to noise ratio and the signal in that
channel has the highest value at the beginning of the segment, the ratio of its power
spectral density and the power spéct'rél density of the channel that has the highest
signal to noise ratio has to be larger than 50%. AIternatiVer, if the signal in that
channel does not have the highest value at the beginning of the segment, the ratio of
its power spectral density and the power spectral density of the channel that has the
highest signal to noise ratio has to be lower than 70%.

Finally, the defihition of the limiting boundaries can be finely adjusted or calibrated
according to the characteristic of breath signals from different people, athough thisis

~ generally not necessary.

So far we have taken a captured breathing signal, pre-processed it, split it into channels,
found the envel opes, segmented it into 'candidate breaths, removed background 'noise floor'
from the 'candidate breaths and then by comparing frequency related parameters for the
different channels identified which of the ‘candidate breaths are more likely to be breath

events.

To further confirm if the segment is atrue breath sound the shape of the breath sound
envelope is assessed, according to step 122 of figure 2 In particular the system can check that
- some of the bands have particular and synchronous characteristics in the time domain, for
example check that the channels follow the same monotonicity trend between the beginning
of asegment and a certain time determined by adifferent channel, asitisillustrated in the
following expression for two of the channels (3 and 4), referred to the apex position of

another :
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(CH, [At the Apex Position of CH, ]~ CH , [Segment Start]) > 0
condition_trend = AND
(CH At the Apex Position of CH, ]~ CH, [Segment Start]) > 0 (4)

Hence, in this example, the signal ismore likely to be a candidate breath if the channel 3 and
4 values have increased when channel 1reachesits apex. Of course this could be extendedto

any number of channels, although not all of them need to beincluded in the AND condition.

Another condition that can be evaluated to further ascertain whether an event islikely to be a
respiratory event in two or more channels that are close to each other in frequency, isthe
relationship between the envelope value of one of them at atime equal to the apex of another
with respect to the maximum value within the segment of the other channel in close

proximity. This should exceed a certain percentage, as for example shownin eg.(5).

CH4{ At the Apex Positionof CH, ]
>30% 5
max(CHB[SegStart Seg End]) ()

condition_transient= [

A further condition could be the relationship between the times a which the different
channels reach their apex with respect to the segment. For example, the maximum time
difference between different channels reaching their apex could be set to apercentage of the

segments' duration, such as 5%.

The relationship between the negative slopes during the section of ‘the signal corresponding to
it fading out for different channels can also be used. This can for example be approximated

by measuring the time distance between each channel's apex and the end of the segment.

Another condition that can be considered isthat changes of different channels power for
example between start and apex should correlate to the spectral energy distribution. For

example the change of channel 2 could be limited to the range of 20% to 200%
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of —;(—((%{%)#"ﬁ (with noise floor compensated); and the change of channel 3 could be limited
RMS

to the range of 0% to 250% PCH )z (with noise floor compensated), this is:
P(CH1) s

[ max(CH, [Seg Start : Seg End])— CH, [Seg Start] (209 _PCHDruss
max{CH  [Seg Start : Seg End])— CH, [Seg Start] * " P(CHI) s
condition_ch?_rise = ¢ AND
max(CH , [Seg Start : Seg End])- CH, [Seg Start] 200% x L CHrus
max(CH, [Seg Start : Seg End])—CH, [Seg Start] | P(CHD g

r

max(CH ;[Seg Start : Seg End])- CH; [Seg Start] [ 0% P(CH3)pus
b x T OIRMS
max(CH , [Seg Start : Seg End])~ CH, [Seg Start] P(CH1)pys
: AND
max(CH, [Seg Start : Seg End])- CH [Seg Start]

' max(CH, [Seg Start : Seg End])- CH, [Seg Start]

condition_ch3_rise =<

< (250% x _Il(_(.:.H_E)LME_)

P(CHI) qus

Then the results are combined:

condition  ch2_rise
AND/OR

condition_ rise = q condition_ ch3_rise
AND/OR

condition ch , rise

Candidate breath segments can also be processed in the ﬁ me domain using acomparison with
updated candidate breath power thresholds (step 123 of Fig. 2). Inparticular this allows
artifacts which have similar characteristiés but lower average power- for example rubbing
between clothes and sensor - to be discounted as candidate breaths. Assignal conditions
change over time (such asthe subject falling asleep), athreshold, which discerns breath
sounds from other breath-like noise, may not be afixed value. For example, high threshold
values may not work when the subject is sleeping and low threshold values may reduce the
discriminating capability of the system a other times. Hence, the comparison should be done
with dynamically adapted thresholds.
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A possible, but not only way to determine and update the thresholds isto evaluate the power
of the envelope signal for some previ ously successfully detected breath events (with or

without the noise floor subtracted), which can for example be calculated as:

Candidate Breath | End

Y. CH  (n)

_ n=Candidate Breath ; Start ' ( )
Candidate Breath ; Length

PN,mum (.])

Where N represents the channel for which the power isbeing ‘evaluated. Then the average of
the different powers can be calculated and updated by incorporating more recent eventsinto
the calculation. For example, the average can be approximated

by using an IR Infinite Impulse Response moving-average filter which provides a smoothed
recent average P, value. For example, the following transfer function (7) calculates the
average power for every 20 breath sounds, where k isthe index of breath sound considered in

the calculation of AN-

1 1 .
AN(k)=(l~Ea)‘AN(k—1)+55'PN,mmn(j) (7)

For abreath signal segment to be selected as an actual breath the calculated power in one or a
plurality of channels needs to behigher than, for example, apercentage of the mean dynamic
power threshold. This percentage canbethe same or different for different channels. A

possible value would be 10%,

Finally, in order to avoid the effect of strong interference skewing the filtered value (for
example, speech may be detected as breath due to the airflow in trachea), Aw(k) can also be
limited as for example is shown in equation (8).
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( . PN,mmn(j)—AN(k—l) Q
A, (k) =>[Eq.7] if AT <50%
- PN,mzani(j)l .
AN(k)--J AN(k—-l)XI.S if m)ls (8)
. PN,mean(j)
AN(k-‘l)XOj lf m(

The dynamic threshold is then calculated based on afraction of the present value of Ay(),
for example:

Mean Power Threshold = A Nék)

Hence, for example, for increased apnea sensitivity any signal with mean power below the

threshold can be discounted as a breath.

Aspreviously described, "candidate segments" can be considered "breath segments” based
on meeting avariable number of the criteria described before which will depend on the
application. Furthermore, in some applications there may be "candidate segments’ that may
not pass the subset of conditions required for that particular application, but could still be
subjected to extra evaluation steps as described below. For the purpose of explaining these
further features of the method, segmentsthat pass al the criteria before the power threshold
evaluation will bereferred to as "first cl ass’ segments; whereas a segment will be considered
to be "second class' if it passes all the criteriaincluding the power threshold evaluation

except one or afew of the conditions.

Hence, in some applications, "first" and "second” class segments can be either directly
upgraded to breath segments or be subjected to further extra scrutiny before finally being
considered as a"breath” segment or not.

For example, if aparticular application does not require ahigh sensitivity in the detection of

apnea apossible method to further scrutinize whether a"first" or a"second class' segment
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can be upgraded can be atime location evaluation. For "second class’ segmentsto be
. upgraded a sequence of n number of them (for example 10) have to be spread over timein the
same way aswould be expected of "first class' segments corresponding to afraction of n
breath cycles (for example 5) under the condition of full detection occurring (i.e. all
inspirations and expirations being detected). After an upgrade of this kind, further "second
class' segments being detected just after can also be upgraded if they fit the timing conditions

in groups of two according to breath cycles.

In asimilar way aspresented previoudly, further time conditions can be used to upgrade a
"second class' segment to a"first class segment if the time occurrence of it is considered
appropriate based on the time location of its previous segments. In other words, whenever a
group of, say, ten segments of any kind (first or second class) are found to fit the expected
time location of five breath cycles (or other, n/2), any "second class’ segment in the group
can be upgraded.

It will be seen, therefore, that once the breath signal event isidentified (where all or subset of
the conditions presented before can be used for identification, depending on amongst other
the system design constraints and the application), an accurate identification of true breath
events can beprovided. Asaresult the system can monitor a patient's breathing and, if
breathing is detected to have ceased, issue an alarm or take other appropriate stepswith

improved accuracy and certainty.

It will be appreciated that the various features can be implemented in hardware or software as

~ appropriate, in discrete or continuous time, in analogue or digital, rvmning online or off-line.

Figure 7 shows ablock diagram of the alarm systems according to one embodiment. At 910,
920, 930 the captured sound signal in respective bandsisrectified and an envelope signal is
produced. Thisis used by a segmentation and characterization module 940 to produce the

‘candidate breaths. A feature and similarity recognizer 950 analyses the channels and
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“identifies actual breath inspiration or expiration events according to the techniques described

herein.

Eéch time abreath inspiration or expiration event is detected, it triggers atiming event 960
using clock 980. It must be noted that system part 980 isnot limited to one single
embodiment and may generate more than one output such as one to control the timing for
different processing steps of the method and another one for the apnea alarm counter. For
‘example, to detect apnes, if no breath sound has been detected in a certain length of time, for
example 25 seconds, the base station or the sensor system is enabled to produce an alarm
signal 970. The system is aso ableto detect agradual fall off in detected breath sounds, and
again can beprovided with alimit where the fall off becomes adanger to the patient. In the
case where the alarm triggering block relies on the data being transmitted, a connection
failure alarm can beraise if signal transmission is degraded. Similarly the same can be done
for hardware and or software failures or for example if no meaningful data has been detected
for a certain length of time. Any other apprbpriate steps, responses or analytical steps can be

additionally or aternatively performed as can be understood from the discussion herein.

In addition to apnea dqetection, identified and characterized breath sounds together with the
different evaluated parameters may beused for avariety of purposes, which are not limited to
those described here. For example, the power of the signal within specific channelsin either
identified inspirations or expirations can be used to determine the subject's tidal volume.
Furthermore the latter together with the timing characteristics of the signal can be usedto
determine respiratory flow (asthis can be calculated from the derivative of the tidal volume).
Also, candidate events for which there has been a decrease in power with respect to
previously identified events can beused to identify hypopnoeas which are useful for
diagnostic of avariety of conditions such as sleep apnea. Short identified apneas together
with hypopnoeas can be used to identify mixed apneas which are again useful for sleep
disorders diagnostics. Breathing rate can be calculated by counting candidate inspiration or
expiration events. When looking to calculate respiratory rate (number of breath cycles per

unit of time), each breath segment should be appropriately classified such that the correct
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grouping of segments into breath cycles can be done. This classification isimportant in order
to count the number of respiratory cyclesthat have taken place in a given period of time, e.q.
“one minute (note each respiratory cycle consists of an inspiration and corresponding
expiration, but in order to count the number of cycles only one of the two needs to be
successfully identified). In order to do so information about the segments selected by the
_breathing detection method can be used.

One important piece of information is the minimum allowed éegment duration for a segment.
Itisuseful to know the minimum allowed duration of asegment so that when asection of
time with no segments detection (i.e. apause) is shorter than the minimum length threshold,
then - with ahigh level of guarantee - that section of non-detection can be considered as one
where no real breaths had occurred.

Regarding segment classification, a new technique can be used in order to recognize the
breathing cycles where only one segment has been detected from those where both
inspiration and expiration are detected. This can be done so that the appropriate number of
respiratory cyclesis caculated given that it ispossible for either the inspiration or expiration
of abreath cycle not to be detected. The approachis preﬁentéd below in referenceto Figure

11 by means of different scenarios and wherethe word "segment” isused to refer to both first
and second class segments. | nFigure 11 first class segments are depicted by athick line on
the upper section of the figure (examples labeled 'D'), second class segments are depicted by
athin line aswell on the upper section of the figure (example labeled 'E") and second class
segments that are upgraded to first class appear with both thick and thin lines such as the ones
labeled 'F.

Case 1: If asegment has a short time of non detections after it (i.e. acomparatively short
pause until the next segment) and the previous segments are undefined with regardsto the
respiratory rate part of the algorithm, the segment under scrutiny can be classified as afirst of
aclose group of segments and will bereferred to as "initiator" (see label 'G' of Figure 11).



WO 2012/007719 PCT/GB2011/001056

26

"The second segment in the group can be classified as "follower" (see label "H* of Figure 11).
AHere "short time" isdefined by the time pause between the two segments being below atime
threshold 'RRa, which isin the order of magnitude of a second. Initiators mostly correlate to
inspirations because the pause between an expiration and the inspiration of the following
breath cycle is mostly longer than threshold 'RRa and also for an expiration to be considered
““initiator" the previous segment should have been classified as either afollower or stand-
alone (introduced later in case 3). Based on thisit can be stated that the classification of an

| expiration as "initiator" is amore unlikely state of the algorithm than for inspirations. That
said if a segment grouping shifted by one segment was to occur this would not greatly affect

the performance.

Case 2: If athird detected segment isnot close enough to the second and in turn has afourth
segment following closely, these third and fourth segments can be respectively classified as
the "initiator" and "follower" of anew group of breaths as a breath cycle. Here "not close
enough" and "following closely" are defined by being above atime threshold 'RRb' and
below time threshold 'RRa’ respectively. Hence, this sequence of segments would be, 1%
segment=initiator 1, 2"d segment=fo 1ower1, 3 segment=initiator2, 4t segment=follower2,
where the numbers at the end of the words "initiator" and "follower" correspond to the breath

cycle number in this example.

Case 3: Similarly if the third found segment isnot close enough to the second (separated by
more than time athreshold 'RRb', such asfor example in label 'A' of Figure 11where a
segment is not detected) and this time does not have afourth segment following closely
(longer than threshold 'RRa), thisthird can be classified asé"stand alone" (seelabel T of
Figure 1 1). Hence, this sequence of segments would be, 1t segment=initiator 1, 2nd
segment=fol lower 1, 34 segment=stand-alone2, pause longer than threshold 'RRa; wherethe
numbers at the end of the words "“initiator", "follower" and "stand-alone" correspond to the

breath cycle number in this example.
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- Because of the selective criteria "stand alone" segments never have "followers'. Because of
this, the method will classify the next segment either as an "initiator” if it is followed closely

. (under threshold 'RRa) by another segment, or a"stand alone" again if the segment afterit is
separated to the next by along enough time duration (above threshold 'RRa).

Case 4: Asan exception, because a single breath signal can sometimes be split and be
segmented into two parts (see labels 'B' and 'C’ of Figure 11), an exception exists for the
case where an aready existing group with afirst (initiator) and second (follower), with these
two segments particulaily close together (below atime threshold 'RRc'), are closely followed
(below time threshold 'RRb") by athird segment (seeinitiators labeled 'J and ‘L' in Figure
11). In this case the third segment may be classified as an additional "follower" of that group
provided the separations between all three of them fall within the given constraints (see labels
'K" and ‘M of Figure 11). Here "particularly closetogether” are defined by the time
separations between first and second being under time threshold 'RRc’ and between second
and third below time threshold 'RRb'. Hence, this sequence of segments would be, 13
segment=initiator 1, 2"d segment=followerl, 39 segment=followerl; where the number at the
end of the words "initiator" and "follower" correspond to the breath cycle number inthis

example.

In parallel, thresholds 'RRa, 'RRb' and 'RRc' can vary over time as a function of the
incoming signals from the breath detection algorithm. Additionally, other parameters can be
inspected in order to achieve better judgment in the classification of initiators, followers and
stand alones. Such parameters can be avariant of the segment end time point calculation or
certain properties of the channel envelopes leading to other time separation measures such as

the apex to apex separation for example.

Finally, in order to calculate respiratory rate (measured for example as respiratory cyclesper
minute) the number of initiators and stand alones present in the chosen time window (i.e. 1

minute) are counted or aternatively they can also be counted in afraction of that window and
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then normalized. For example, the number of initiators and stand alones could be counted in

30s and then extrapolated to a minute such as by multiplying by 2.

In one implementation obstructive apnea can be differentiated from central apnea by

" evaluating changes in power between afew last candidate events before the apnea, aswell as
~ afew breath events after the apnea. Also, the number of conditions that can be applied a a

- time may vary dynamically. For example, several consecutive candidate events may have

“ been identified as inspiration followed by expiration (this can for example be done by
evaluating the difference in time between an inspiration and an expiration within the same
event and two consecutive inspirations and evaluating if those times remain constant within
certain ranges which can aso be dynamically updated). If a subsequent candidate event
meets some but not al the conditions but happens a the time it was expected, that condition

may be relaxed and the event may beclassified as atrue event.

Depending on the application it will be necessary to have a different tradeoff’ ,
sensitivity/specificity and this will directly affect the number of conditions that should be
imposed on the signal to truly determine whether asegment corresponds to an inspiration of
expiration event or not. For example, in order to prevent critical situations such as sudden
death ahigh sensitivity to apnea isnecessary, which requires evaluation of all the conditions,
and the average power can be avery important one. However, for breathing rate, considering
candidate events that do not pass the average power conditions may result in amore precise
calculation.

It will benoted that the appropriate described method can be adopted in any appropriate
implementation, for example stress or concentration monitoring in the workplace or other

areas such as military situations, and for humans or any other living creature.

Additionally it will berecognized that the system can store a unique subject specific code
alowing immediate identification of the patient or individual being monitored. Hence the
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data can be immediately associated. Furthermore the data can be maintained secure by
encryption for example by hashing with the user specific code. This code can also bethe
result of severa inputs such asthe date of the recording and additional identification

parameters such as data of birth, motivation for recording, or else.

The breath detector or sensor system ispreferably coated or encased in a structure composed
| of an appropriate material to achieve at least one of preventing water ingress, dust ingress,
other foreign body ingress, isolating from electrical discharges, shielding from at least one
type of ionizing or non-ionizing radiation, isolating from vibration or acoustic interference or

temperature variations.

The particular components, circuitry and software/hardware adapted can vary as appropriate.
For example any suitable signal detector can be used such as a sound or vibration transducer

or accelerometer.
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CLAIMS:

.1. A method of identifying abreath comprising sensing a signal generated by aliving human
~oranimal body and separating the signal into aplurality of frequency bands to identify a
breath candidate.

2. A method as claimed in claim 1further comprising applying asignal processing step
- to each separated band.
3. A method as claimed in claim 2 in which the signal processing step comprises at least

one of subtracting an interference signal, scaling harmonics, delaying harmonics, filtering a
DC signal, rectifying the signal, removing artifacts, smoothing the signal or filtering
components above or below afreguency threshold.

4. A method asin claim 1further comprising comparing frequency band values to
identify candidate breath sounds.

5. A method asin any of the precedi hg claims further comprising identifying a segment
of abreath as either inspiration or expiration

6. A method as claimed in claim 5 further comprising identifying the start point or end
point of an inspiration or expiration breath candidate by aprocess including the step of
detecting as asignal feature aminimum or turning point or based on aprevious end point or a
start point.

7. A method as claimed in claim 6 further comprising identifying the time a which the
signal in at least one of the separated band has risen a predetermined proportion from a
predetermined threshold.

8. A method as claimed in claim 7 in which the threshold in a separated band is
dependent on at least a parameter of another separated band or on apreviously used threshold.

9. A method as claimed in claims 7 or 8in which the threshold isa function of a
minimum or turning point.

10. A method as claimed in any of the preceding claims further comprising identifying a
signal noise floor.
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11 A method as claimed in claim 10 further comprising identifying arespiratory pause
and setting, as noise floor, the minimum of the signal value during the respiratory pause, for

-at least one separated band, or setting, as noise floor, the RMS value of the power of the
signal integrated over atime within the respiratory pause. |

12. . A method asclamedin clam 11 Comprising identifying arespiratory pause in each of
aplurality of bands and setting a noise floor as a function of the noise floor of said plurality
- of bands.

- 13. A method as claimed in any of claims 10 to 12 further comprising establishing as
noise floor afunction of the noise floors estimated during several previously identified
respiratory pauses, or comprising means of dynamically updating the noise floor in one or
severa bands.

14. A method as claimed in claim 6 or 7 further comprising finding as asignal feature
based on amaximum value of the signa in at least one separated band after a candidate start
point of apossible inspiration or expiration has been found

15. A method as claimed in claim 14 further comprising identifying said signal feature
when the signal in at least one separated band has fallen a certain proportion fromits
respective maximum or identified, as said signa feature, the slope at that point.

16. A method asclaiminclaims 14 or 15 in which the maximum is an absolute maximum
in acandidate breath, or the slope value is the absolute slope.

17. A method as claimed in claim 15 further comprising identifying said signa feature as
a second minimum.

18. A method as claimed in any of claim 14 to 17 further comprising identifying the time
value of occurrence of asignal feature.

19. A method as claimed in any of claims 14 to 17 further comprising identifying for a
least one separated band the duration of apossible expiratory or inspiratory phases from a
measure of the difference between the time value of the first minimum and the time value

when the signal has fallen a certain proportion from the respective maximum.,

20. A method as claimed in any of claims 14 to 19 further comprising: identifying the
duration of a possible expiratory or inspiratory phase from a fraction of the absolute
difference between afunction of the time of the second mirimum or aturning point and the
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time at which the signal has risen acertain proportion from a function of the first minimum or
~aturning point from at least one separated band, or comprising identifying as a candidate
“inspiration or expiration event the fraction of the signal between the function of said two
“minimums or turning points.

21. A method as claimed in any preceding claim further comprising analyzing envelope
characteristics of separated bands to identify abreath candidate, or comparing the values
between identified minimum and said proportion of amaximum or proportional rise from a
minimum.

22. A method as claimed in claim 21 further comprising identifying the degree of
mathematic monotonicity of at least one separated band within apredeterrnined time.

23. A method asclaimed in claim 21 or 22 comprising identifying a breath candidate if a
breath signal has a comparable envelope shape in two or more frequency bands.

24. A method as claimed in claim 22 or 23 further comprising using the monotonicity
information to identify the intervals of time during which the search of minimums or
maximums should take place.

25. A method as claimed in any of claims 11to 14 further comprising measuring the
signal to noiseratio for at least one separated band.

26. A method as claimed in claim 25 further comprising identifying an end point within
the fraction of the segment for which the signal to noise ratio is above or below acertain
threshold. |

27. A method as claimed in any preceding claim comprising obtaining &t least one
functional relationship between equivalent parameters within separated bands.

28. A method as claimed in claim 27 in which the relationship is between values of a
parameter of the processed signals which is correlated to power of the signal.

29. A method as claimed in any preceding claim further comprising identifying the
starting time of a candidate breath using the information about the monotonicity of one band,
or the combined monotonicity of several bands and the minimum values of the processed
signals in one or several bands.
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30. A method as in any of claims 27 or 29 further comprising comparing the values of the
different relationships with predetermined functional value, and identifying an event as a
non-inspiration or non-expiration breath event if the comparison falls outside the
predetermined value.

31. A method as claimed in any of claims 27 to 30 further comprising identifying, as a
breath candidate, abreath signal having a parameter value greater than aproportion of the
average value of preceding breath segments. .

32. A method as claimed in any preceding claim further comprising determining the
number of breaths in apredetermined interval or the number of breaths having parameter

values within apredetermined range for determination of abreathing condition.

33. A method as claimed in claim 32 further comprising detecting apnea if the number of
breath candidates identified within a predetermined interval islower than apredetermined
threshold

34. A method as claimed in any of the preceding claimsin which one or aplurality of the
measured parameters of at least one separated band is used to identify lung volume or
respiratory rate related parameters.

35. A method as claimed in any preceding claim further comprising determining the
number of respiratory cycles in apredetermined interval based on the time location or
separation of breath candidates in said interval for determination of respiratory rate

36. A method as claimed in any of the previous claims further comprising generating an
darm if the proportion of breath candidate detected in acertain time interval has measured
characteristics that fall within predetermined critical limits.

37. A method as claimed in any preceding claim comprising storing dynamically updating
or reproducing signal, signal processing or signal analysis data or aunigue person specific
code, or reconstruction of signal data from a set of the determined parameters.

38. A method as claimed in any preceding claim further comprising confirming abreath
candidate as abreath if it meets one or more of said comparison or threshold steps.
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39. A method as claimed in any precedi hg claim further comprising confirming a
sequence of breath candidates based on a comparison with an expected temporal distribution.

40. A method asclaimed in claim 39 further comprising classifying an event as
inspiration or expiration based on preceding inspirations or expiration patterns.

41. A method as claimed in claim 39 further comprising identifying an event as candidate
event if it deviates from previously candidate events patterns.only within predetermined

limits

42. A breath detector comprising asignal detector and asignal processor arranged to
implement the method of any preceding claims.

43. A breath detector as claimed in claim 42 in which the sensor system is arranged to be
attached to the body with an adhesive with an interna hole. -

44. A computer readable medium storing instructions for performance of the method of
any of claims 1to 41.

45. A method or detector substantially as described herein.

46. A method as claimed in any of claims 1to 41, comprising transmitting information
related to the breath in processed or unprocessed form, encrypted or unencrypted.
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