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A SENSOR SYSTEM AND METHOD FOR
DETERMINING A BREATHING TYPE

FIELD OF THE INVENTION

[0001] The present invention relates to a sensor system for
determining a breathing type.

BACKGROUND OF THE INVENTION

[0002] Respiration sensors for monitoring breathing rates
and patterns are well known.

[0003] One non-invasive way to measure respiration rate
is to use photoplethysmograph (PPG) sensors. These mea-
sure volumetric changes of a body. Amongst the vital signs
that can be retrieved from the PPG signal are pulse rate,
arterial oxygen saturation, and respiration rate.

[0004] A pulse oximeter is a common example of a
PPG-based sensor. While the purpose of such a sensor is to
obtain a measure of blood oxygen saturation, it also detects
changes in blood volume in the skin. and thereby performs
PPG sensing. By detecting changes in blood volume, a
cyclic signal corresponding to the pulse is obtained. Fur-
thermore, this higher frequency pulse rate signal is modu-
lated over a lower frequency signal which tracks the respi-
ration rate. Thus, with suitable filtering of the PPG signal,
both pulse rate and respiration rate signals can be obtained.
PPG sensors, such as pulse oximeters, are thus commonly
used to provide a measure of the pulse rate and respiration
rate.

[0005] A PPG sensor for example contains at least one
LED, and one light sensor. The LED and sensor are placed
such that the LED directs light into the skin of the user,
which is reflected or transmitted, and detected by the sensor.
The amount of reflected/transmitted light is determined by,
amongst others, the perfusion of blood within the skin.
[0006] The PPG system for example includes a red LED,
a near-infrared LED, and a photodetector diode. The sensor
is typically configured with the LEDs and photodetector
diode directly on the skin of the patient, typically on a digit
(finger or toe) or earlobe.

[0007] Other places on the patient may also be suitable,
including the forehead, the nose or other parts of the face,
the wrist, the chest, the nasal septum, the alar wings, the ear
canal, and/or the inside of the mouth, such as the cheek or
the tongue.

[0008] The LEDs emit light at different wavelengths,
which light is diffused through the vascular bed of the
patient’s skin and received by the photodetector diode. The
changing absorbance at each of the wavelengths is mea-
sured, allowing the sensor to determine the absorbance due
to the pulsing arterial blood alone, excluding venous blood,
skin, bone, muscle, and fat for example. The resulting PPG
signal may then be analyzed.

[0009] In transmissive pulse oximetry, a sensor device is
placed on a thin part of the patient’s body. Reflectance pulse
oximetry may be used as an alternative to transmissive pulse
oximetry. This method does not require a thin section of the
person’s body and is therefore well suited to more universal
application such as the feet, forehead and chest.

[0010] Respiration is essential to deliver fresh, oxygen
rich air into the lungs from where it is transported via the
blood to all body cells. Essentially, increasing the lung
volume decreases the pressure in comparison to the ambient
atmosphere and consequently, according to Boyle’s Law, air
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flows into the lungs. By decreasing the lung volume, the
opposite occurs and carbon dioxide flows out of the lungs
along with the exhaled air.

[0011] The lung-volume variations may arise from
muscles in two primary regions: the chest and the diaphragm
(belly). Chest breathing occurs when the muscles in between
the ribs contract, moving the rib cage to expand to the sides,
front and back. Abdominal, or belly, breathing occurs when
the diaphragm contracts, pressing the abdominal cavity
downwards. The abdominal cavity cannot decrease but
changes shape, moving the belly forward. In practice, all
breathing involves some belly breathing, but not necessarily
chest breathing.

[0012] When in rest, a normal respiratory cycle of a
healthy subject starts with belly breathing and then turns into
a combined belly and chest breath-motion. However, in
stressful situations, people tend to breathe predominantly
with the chest region in a relatively shallow and fast fashion.
This type of breathing stimulates the sympathetic (fight
flight) branch of the autonomic nervous system. In extreme
cases, this causes hyperventilation, which lowers the pH-
value of the blood (causing alkalosis).

[0013] Although breathing is controlled by the autonomic
nervous system, a subject can voluntarily influence the
breathing pattern and rate, and consequently suppress the
fight/flight response by intentionally moving away from
shallow, fast chest breathing to slower, deeper diaphragmati-
cally breathing. Relaxation techniques typically aim at
achieving this relaxing type of breathing.

[0014] Similarly, people suffering from chronic obstruc-
tive pulmonary diseases (COPD) or asthma can profit from
these relaxation techniques to regain their breath.

[0015] Although PPG-sensors are ubiquitously used, and
are capable of detecting the respiratory signal, they cannot
distinguish between chest and abdominal breathing. For
relaxation techniques the implies that the sensors can be
used to check whether subjects are breathing slowly as
suggested, but not whether they actually follow the advice to
use predominantly belly breathing.

[0016] There is therefore a need for a sensor system which
can distinguish between the two types of breathing.

SUMMARY OF THE INVENTION

[0017] Examples in accordance with a first aspect of the
invention provide a sensor system for determining a breath-
ing type of a subject, comprising:

[0018] a first electromagnetic radiation sensor having a
first detector for association with the skin of the subject at a
first sensor location;

[0019] a second electromagnetic radiation sensor having a
second detector for association with the skin of the subject
at a second sensor location; and

[0020]

[0021] analyze the signals from the first and second
detectors, wherein analyzing comprising:

a controller which is adapted to:

[0022] determining a first measure from the first detector
signal;

[0023] determining a second measure from the second
detector signal;

[0024] determining a relationship between the first and

second measures;
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[0025] wherein the first and second measures each com-
prise:
[0026] (i) a measure of respiratory induced intensity varia-

tion (RIIV) for each detector signal relative to the amplitude
at the pulse frequency; or
[0027] (ii) a measure of respiratory induced pulse-ampli-
tude variation (RTAV) for each detector signal relative to the
amplitude at the pulse frequency; or.
[0028] (iii) a measure of respiratory induced intensity or
pulse-amplitude variation for each detector signal relative to
the DC-level at that detector; and
[0029] determine from the analysis if there is predomi-
nantly a first breathing type or predominantly a second
breathing type, or a mixture of the first and second
breathing types.
[0030] By “association with” is meant the detector is
applied to the skin or is remote from the skin, but in either
case it is adapted to process a signal relating to the body
tissue at that location.
[0031] These measures are respiration signal indicators.
The relationship is for example a ratio or a difference or
other combination of the two measures.
[0032] The invention is based on the recognition that some
body sites show clearer breathing signals of a first type (e.g.
chest breathing) whereas other body sites show stronger
breathing signals of a second type (e.g. belly breathing). In
particular, sensor signals measured from skin in lower body
parts (with the subject in an upright position) are affected
more by the pressure variations in the inferior vena cava
(IVC), whereas the upper body parts shows sensor signals
that are affected more by the pressure variations in the
superior vena cava (SVC).
[0033] In particular, chest breathing is associated more
with pressure variations in the SVC and belly breathing is
associated more with pressure variations in the IVC.

[0034] By analyzing the two sensor signals, for example
the relative signal strengths of the two sensor signals after
each has already been processed to represent the respiration
signal, the contributions of the two different breathing types
may be determined.

[0035] The first and second sensors may be part of a sensor
array. For example the sensing may be based on contact
sensing using separate sensors at the body locations, or
remote sensing using an image sensing approach.

[0036] The sensors may communicate with each other, or
with a further external computation means using a wireless
protocol.

[0037] The first and second measures for example each
comprise a measure of respiratory induced intensity varia-
tion (RIIV) or a measure of respiratory induced amplitude
variation (RIAV).

[0038] Thus, the measures may be based on amount of
base-line modulation (intensity), or the amount of
pulse-amplitude modulation, preferably normalized
either to the pulse-amplitude or to the DC-level.

[0039] This normalization relative to the signal amplitude
at the pulse frequency provides a fixed gain of the respira-
tory signal irrespective of the local perfusion of the skin.

[0040] In this way, the strength of the respiratory signal is
measured relative to the strength of the pulse signal at the
two body locations. The two body locations are respectively
more affected by pressure in the SCV or the ICV, so that it
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becomes possible to discriminate between chest breathing
(the first breathing type) and belly breathing (the second
breathing type).

[0041] The first and second sensors for example operate in
the wavelength interval between 400 nm and 1000 nm. The
first and second sensors may each comprise a PPG sensor for
which this wavelength interval is suitable.

[0042] Examples in accordance with another aspect of the
invention provide a method for determining a breathing type
of a subject, comprising:

[0043] associating a first electromagnetic radiation sensor
having a first detector with the skin of the subject at a first
sensor location;

[0044] associating a second electromagnetic radiation sen-
sor having a second detector with the skin of the subject at
a second sensor location;

[0045] analyzing the signals from the first and second
detectors, wherein analyzing comprising: determining a first
measure from the first detector signal;

[0046] determining a second measure from the second
detector signal; and

[0047] determining a relationship between the first and
second measures,

[0048] wherein the first and second measures each com-
prise:
[0049] (i) ameasure of respiratory induced intensity varia-

tion (RIIV) for each detector signal relative to the amplitude
at the pulse frequency; or

[0050] (ii) a measure of respiratory induced pulse-ampli-
tude variation (RTAV) for each detector signal relative to the
amplitude at the pulse frequency; or

[0051] (iii) a measure of respiratory induced intensity or
pulse-amplitude variation for each detector signal relative to
the DC-level at that detector; and

[0052] determining from the analysis if there is predomi-
nantly a first breathing type or predominantly a second
breathing type, or a mixture of the first and second breathing
types.

[0053] This method enables simple electromagnetic (e.g.
optical) based sensors to provide an indication of the type of
breathing of a subject.

[0054] Using relative signals provides a normalization
fanction.
[0055] The first breathing type for example comprises

chest breathing and the second breathing type comprises
belly breathing.

[0056] The method may comprise providing a first sensor
location associated with (i.e. draining into) the Inferior Vena
Cava, for example at the ankle, and providing a second
sensor location associated with (i.e. draining into) the Supe-
rior Vena Cava, for example at the wrist.

[0057] The processing of sensor signals may be carried out
in software.

BRIEF DESCRIPTION OF THE DRAWINGS

[0058] Embodiments of the invention will be described,
by way of example only, with reference to the drawings, in
which:

[0059] FIG. 1 shows a known PPG sensor;

[0060] FIG. 2 shows a first example of system in accor-
dance with the invention for determining different breathing
types;
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[0061] FIG. 3 shows a PPG signal, a PPG amplitude
waveform and the RIIV waveform; and

[0062] FIG. 4 shows a method for determining different
breathing types.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0063] The invention provides a sensor system for deter-
mining a breathing type of a subject. It has first and second
electromagnetic radiation (e.g. optical) sensors, for example
PPG sensors. The sensors are for application to the skin of
the subject at different sensor locations. The signals from the
first and second sensors are analyzed to determine if there is
predominantly a first breathing type (e.g. chest breathing) or
predominantly a second breathing type (e.g. belly breath-
ing), or a mixture of the first and second breathing types.
[0064] In one implementation, the system makes use of
two PPG sensors.

[0065] FIG. 1 shows a known PPG sensor.

[0066] It comprises a light source 10 and an optical
detector 12. The light source may comprise a single multi-
wavelength light source, or multiple light units with different
output wavelengths. The sensor has a processor 14 and it
generates an output 16 in the form of a PPG signal which
varies over time. The output may be provided in real time
and/or it may be logged and stored as a trace over time
during a monitoring period. The stored trace may then be
analyzed after the monitoring period is over.

[0067] The PPG sensor for example comprises a pulse
oximeter. The output 16 may be interpreted to provide a
pulse rate, a respiration rate and an arterial oxygen saturation
level, in known manner.

[0068] In one example, the invention is based on the
combination of two PPG sensors which may be of the
general type shown in FIG. 1.

[0069] FIG. 2 shows a first example of system in accor-
dance with the invention being used to monitor a subject 18
in a hospital bed 19.

[0070] The system has a first sensor 20 of the same type
as shown in FIG. 1, thus having a first source of electro-
magnetic radiation and a first detector for application to the
skin of the subject at a first sensor location. This first
location is the wrist in the example shown.

[0071] A second sensor 22 is also of the same type as
shown in FIG. 1, having a second source of electromagnetic
radiation and a second detector for application to the skin of
the subject at a second sensor location. The second location
is the ankle in the example shown.

[0072] A controller 24 analyzes the signals from the first
and second sensors and determines from the analysis if there
is predominantly a first breathing type (chest breathing) or
predominantly a second breathing type (belly breathing), or
a mixture of the first and second breathing types.

[0073] Some body sites show clearer breathing signals
relating to chest breathing whereas other body sites show
stronger breathing signals relating to belly breathing. In
particular, sensor signals measured from skin in lower body
parts, particularly the lower limbs are affected more by the
pressure variations in the inferior vena cava (IVC), whereas
the upper body parts in particular the upper limbs show
sensor signals that are affected more by the pressure varia-
tions in the superior vena cava (SVC).

[0074] By analyzing the two sensor signals, for example
the relative signal strengths of the two sensor signals after
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each has already been processed to represent the respiration
signal, the contributions of the two different breathing types
may be determined.

[0075] In particular, the analysis may comprise measuring
the strength of the respiratory signal relative to the strength
of the pulse signal at the two body locations, and comparing
these two strength signals.

[0076] Chest breathing is typically encountered during
stressful situations and belly breathing is generally encoun-
tered during a relaxed state of the subject. The controller
may in its simplest form provide an output 26 which is a
binary indicator representing either chest or belly breathing.
In a more detailed implementation, the degrees of belly
breathing versus chest breathing may be indicated (e.g. a
percentage).

[0077] The respiration signals received from the two body
locations are preferably normalized. This normalization may
comprise dividing the variations in the received signals at
the respiratory rate by the amplitude of the variations at the
pulse-rate. Other normalization approaches are possible,
however, like dividing by the average value (DC) of the
received signal at the detector. One benefit of the normal-
ization is to obtain a fixed gain of the respiratory signal
irrespective of the local perfusion of the skin. The normal-
ization process is described in further detail below.

[0078] The sources of electromagnetic radiation for
example operate in the wavelength interval between 400 nm
and 1000 nm, where particularly a wavelength around 550
nm is included as the PPG signal is relatively strongest
around this wavelength. More than one wavelength is pref-
erably used to improve motion robustness of the device.
[0079] The sensors are in the example shown contact
sensors, with the detector part in contact with the skin of the
subject, while the skin region may be illuminated by an
electromagnetic radiator which only needs to be mounted in
close proximity to the skin.

[0080] The detectors of the sensors may instead form an
image sensor array that may remotely detect the reflected/
transmitted light from/through the skin of the subject at the
two (or more) locations. Typically a camera remotely images
the two different skin regions of the subject using either
ambient or dedicated illumination.

[0081] The respiration signal is typically obtained as the
low frequency component of the received detector signal,
below the pulse frequency (e.g. 1 Hz). Alternatively, the
respiration signal may be obtained the detector signals by
extracting the relative strength of the amplitude modulation
of the pulse signal at the respiratory rate.

[0082] It is for example disclosed in W. Karlen, A. Garde,
D. Myers, C. Scheffer, J. Ansermino, and G. Dumont,
“Estimation of respiratory rate from photoplethysmographic
imaging videos compared to pulse oximetry,” Biomedical
and Health Informatics, IEEE Journal of, 19, 1331-1338
(2015) that the respiratory signal and the breathing rate (or
breathing frequency) can be obtained from photoplethys-
mography (PPG) via three parameters:

[0083] inter-beat intervals: inhalation increases heart
rate, while after exhalation the frequency quickly
drops, i.e. the pulse is FM-modulated with the respi-
ratory signal.

[0084] the DC part of the PPG signal: the DC compo-
nent increases at inhalation and decreases at exhalation.
This effect may be defined as baseline modulation, or
respiratory induced intensity variation, RIIV.
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[0085] the AC part of the PPG signal: the AC compo-
nent increases at inhalation and decreases at exhalation,
i.e. the pulse-signal is amplitude modulated with the
respiratory signal. This is often referred to as respira-
tory induced amplitude variation, RIAV.
[0086] The RIIV waveform has been found to be of
particular interest for this application.
[0087] FIG. 3 shows a PPG signal, a PPG amplitude
waveform and the RIIV waveform, which is a low pass
filtered version of the PPG amplitude waveform. The PPG
amplitude waveform is obtained by tracking the peaks of the
PPG waveform and creating a linearly interpolated wave-
form.
[0088] The strength of the baseline variation as expressed
by the RITV signal has been found to depend strongly on the
body location.
[0089] The PPG amplitude (AC amplitude) as well as DC
values (area under the curve of the AC signal) varies
depending on body site, which is why the normalization
mentioned above is desired to compensate for this. The
respiratory signal is for example normalized by the ampli-
tude of the pulse signal. In this way, the baseline variation
is expressed in relation to the magnitude of the pulse signal
as seen in the PPG signal at that particular body location.
The purpose is for the baseline variations as measured at
each location to have equal significance in that a similar
baseline variation magnitude results from a respiration sig-
nal. Other normalization approaches to achieve this aim may
of course be considered. For example, an alternative nor-
malization may use the DC-value of the reflected light. A
signal may in effect be obtained relative to a DC level by
taking the logarithm of the sensor signals. In this case, the
resulting AC amplitudes are essentially the same as the
amplitudes relative to the DC (normalized amplitudes).
[0090] When combining the two signals, a weighting may
be applied, if needed. Thus one option is simply to measure
a ratio of the normalized RIIV signals at the two locations.
An alternative is to perform a scaling of one of the normal-
ized signals first. The difference between the signals (or
different between scaled/weighted signals) rather than a ratio
may instead be used. The most appropriate signal combina-
tion of the two normalized RIIV signals may be obtained by
previous experimentation.
[0091] More generally, any combination of signals (not
necessarily RIIV signals) from the two body locations may
be used as long as the combined signal has a strong
correlation with the type of breathing. Thus regression
analysis of experimental data may be used to determine a
suitable signal combination which cotrelates with the
breathing type. The example below is only one possible
example.
[0092] The invention has been tested to provide proof-of-
concept, and the results are presented below.
[0093] To verify the feasibility of the concept, PPG data
obtained from a subject was analyzed, with the subject
following a particular breathing protocol. The protocol pre-
scribes breathing at a constant rate of 10 breaths/min with
three types of breathing exercised sequentially: belly, chest
and a combination of both. The combination is referred to as
‘normal’.
[0094] Two identical PPG sensors were attached to the
wrist and ankle locations of the subject and the PPG-signals
were synchronously sampled with a sampling frequency of
128 Hz.
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[0095] For each breathing modality, respiratory features
were extracted from the PPG waveform in the form of the
DC variation (respiratory induced intensity variation, RITV).

[0096] An absolute RIIV variation was measured, deter-
mined by the amplitude at the breathing frequency in the
frequency spectrum of the normalized PPG signal.

[0097] A relative variation was also measured, based on
the absolute RIIV definition above, but scaled with respect
to the amplitude at the pulse frequency as explained above.
For these features, the ratio between the signals gathered the
wrist and ankle locations were then calculated, i.e.

RIIV absolute ratio=RITV_absolute(wrist)/RI[V_
absolute(ankle).

RIIV_relative_ratio=RIIV_relative(wrist)/RITV_rela-
tive(ankle).

[0098] These values are presented in the table below. The
ratio is expected to be to be higher the more chest breathing
dominates.

Type of
Breathing RIIV_ absolute_ ratio RIIV_ relative_ ratio
Normal 0.70 0.55
Belly 0.35 0.30
Chest 0.61 0.64
[0099] These results show that the relative RIIV measure

provides a signal for which chest breathing gives the highest
ratio, belly breathing the lowest ratio, while ‘normal” breath-
ing shows up in between these two. It also shows how the
normalization improves the results.

[0100] An alternative measure is the AC variation (respi-
ratory induced amplitude variation, RIAV). Again, an abso-
lute value may be determined, for example as the standard
deviation of the derivative of the peak-valley pairs. A
relative value is similar to the absolute RIAV definition, but
again scaled with respect to the cardiac pulse amplitude to
correct for local variations in PPG strength.

[0101] The invention is of interest for both home health-
care as well as within the clinical environment. It can be
used to help guide a user to achieve relaxed breathing, for
example in the event of an asthma attack or other breathing
difficulties.

[0102] The example above is based on the use of two
contact sensors. Recently, non-contact, remote PPG (rPPG)
devices (also called camera rPPG devices) for unobtrusive
measurements have been introduced. Remote PPG utilizes
light sources or, in general radiation sources, disposed
remotely from the subject of interest. Similarly, also a
detector, e.g., a camera or a photo detector, can be disposed
remotely from the subject of interest. Therefore, remote
photoplethysmographic systems and devices are considered
unobtrusive and well suited for medical as well as non-
medical everyday applications. This type of sensing may be
used by the system of the invention, although remote PPG
devices typically achieve a lower signal-to-noise ratio.

[0103] Inthis case the PPG sensors may for example make
use of a camera flash as the optical source, and a camera
image sensor as the sensor device. In this way, with a
suitable application running on a mobile phone, the system
can be implemented.
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[0104] There may be more than two sensors, to provide
additional information to be processed in order to determine
the breathing type with greater accuracy.

[0105] FIG. 4 shows a method for determining a breathing
type of a subject.

[0106] In step 30 a first sensor having a first source of
electromagnetic radiation and a first detector is associated
with the skin of the subject at a first sensor location. It may
be applied to the skin or it may be arranged for remotely
monitoring the body at that location.

[0107] Instep 32, a second sensor having a second source
of electromagnetic radiation and a second detector is asso-
ciated with the skin of the subject at a second sensor
location.

[0108] In step 33 the first second signal S1 is obtained. It
is converted to a measure of the respiration trace in step 35
for example by low pass filtering or other signal processing
to obtain a first measure M1 of the respiration. This measure
is normalized in step 37 to provide a relative value R1.
[0109] 1In step 34 the second signal S2 is obtained. It is
converted to a measure of the respiration trace in step 36 for
example by low pass filtering or other signal processing to
obtain a second measure M2 of the respiration. This may be
the respiratory induced intensity variation (RIIV). This
measure is normalized in step 38 to provide a relative value
R2.

[0110] The two relative values are processed in step 40, for
example to find a ratio, or a weighted ratio, or other linear
or non-linear combination of the signals (also may be
referred to as a relationship). Form this processing, it is
determined in step 42 if there is predominantly a first
breathing type or predominantly a second breathing type, or
a mixture of the first and second breathing types.

[0111] An output is provided in step 44.

[0112] The first breathing type comprises chest breathing
and the second breathing type comprises belly breathing.
[0113] The signal processing may be implemented by a
computer program which forms or is part of the controller
24. The controller can be implemented in numerous ways,
with software and/or hardware, to perform the various
functions required. A processor is one example of a control-
ler which employs one or more microprocessors that may be
programmed using software (e.g., microcode) to perform the
required functions. A controller may however be imple-
mented with or without employing a processor, and also may
be implemented as a combination of dedicated hardware to
perform some functions and a processor (e.g., one or more
programmed microprocessors and associated circuitry) to
perform other functions.

[0114] Examples of controller components that may be
employed in various embodiments of the present disclosure
include, but are not limited to, conventional microproces-
sors, application specific integrated circuits (ASICs), and
field-programmable gate arrays (FPGAs).

[0115] In various implementations, a processor or control-
ler may be associated with one or more storage media such
as volatile and non-volatile computer memory such as
RAM. PROM, EPROM, and EEPROM. The storage media
may be encoded with one or more programs that, when
executed on one or more processors and/or controllers,
perform at the required functions. Various storage media
may be fixed within a processor or controller or may be
transportable, such that the one or more programs stored
thereon can be loaded into a processor or controller.
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[0116] The examples above make use of PPG measure-
ments. The electromagnetic sensors are used to obtain a
respiration trace, and do not need to output photoplethys-
mography signals. Thus, other reflectance or transmittance
sensors may be used.

[0117] Two breathing types are discussed above. Thoracic
(chest) and diaphragmatic (belly) breathing are the two most
common types of breathing. There is also clavicular breath-
ing, which is breathing into the top third of the lungs and no
deeper. Clavicular breathing is accomplished by raising the
collarbone (clavicle) and shoulders during the inhalation and
keeping the rest of the torso motionless. Clavicular breath-
ing is the most shallow type of breathing. Clavicular breath-
ing may also be distinguishable, or else it may be identified
as chest breathing.

[0118] While the invention has been illustrated and
described in detail in the drawings and foregoing descrip-
tion, such illustration and description are to be considered
illustrative or exemplary and not restrictive; the invention is
not limited to the disclosed embodiments.

[0119] Other variations to the disclosed embodiments can
be understood and effected by those skilled in the art in
practicing the claimed invention, from a study of the draw-
ings, the disclosure, and the appended claims. In the claims,
the word “comprising” does not exclude other elements or
steps, and the indefinite article “a” or “an” does not exclude
a plurality. A single processor or other unit may fulfill the
functions of several items recited in the claims. The mere
fact that certain measures are recited in mutually different
dependent claims does not indicate that a combination of
these measured cannot be used to advantage. Any reference
signs in the claims should not be construed as limiting the
scope.

1. A sensor system for determining a breathing type of a

subject, comprising:

a first electromagnetic radiation sensor having a first
detector for association with the skin of the subject at
a first sensor location;

a second electromagnetic radiation sensor having a sec-
ond detector for association with the skin of the subject
at a second sensor location; and

a controller which is adapted to:
analyze the signals from the first and second detectors,

wherein analyzing comprising:

determining a first measure from the first detector signal;

determining a second measure from the second detector
signal;

determining a relationship between the first and second
measures;

wherein the first and second measures each comprise:

(1) a measure of respiratory induced intensity variation for
each detector signal relative to the amplitude at the
pulse frequency; or

(i1) a measure of respiratory induced pulse-amplitude
variation for each detector signal relative to the ampli-
tude at the pulse frequency; or

(iii) a measure of respiratory induced intensity or pulse-
amplitude variation for each detector signal relative to
the DC-level at that detector; and
determine from the analysis if there is predominantly a

first breathing type or predominantly a second
breathing type, or a mixture of the first and second
breathing types.
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2. A system as claimed in claim 1, wherein the first and
second electromagnetic radiation sensors operate in the
wavelength interval between 400 nm and 1000 nm.
3. A system as claimed in claim 1, wherein the first and
second electromagnetic radiation sensors each comprise a
PPG sensor.
4. A system as claimed in claim 1, wherein the first
breathing type comprises chest breathing and the second
breathing type comprises belly breathing.
5. A method for determining a breathing type of a subject,
comprising:
associating a first electromagnetic radiation sensor having
a first detector with the skin of the subject at a first
sensor location;
associating a second electromagnetic radiation sensor
having a second detector with the skin of the subject at
a second sensor location;
analyzing the signals from the first and second detectors,
wherein analyzing comprising:
determining a first measure from the first detector
signal;

determining a second measure from the second detector
signal; and

determining a relationship between the first and second
measures, wherein the first and second measures
each comprise:

(1) a measure of respiratory induced intensity variation for
each detector signal relative to the amplitude at the
pulse frequency; or

(i) a measure of respiratory induced pulse-amplitude
variation for each detector signal relative to the ampli-
tude at the pulse frequency; or
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(iii) a measure of respiratory induced intensity or pulse-
amplitude variation for each detector signal relative to
the DC-level at that detector; and

determining from the analysis if there is predominantly a
first breathing type or predominantly a second breath-
ing type, or a mixture of the first and second breathing
types.

6. A method as claimed in claim 5, comprising providing
outputs from the first and second sources of electromagnetic
radiation in the wavelength interval between 400 nm and
1000 nm.

7. A method as claimed in claim 1, wherein the first
breathing type comprises chest breathing and the second
breathing type comprises belly breathing.

8. A method as claimed in claim 7, comprising providing
a first sensor location associated with the Superior Vena
Cava and providing a second sensor location associated with
the Inferior Vena Cava.

9. A method as claimed in claimed in claim 8, wherein the
first sensor location is the wrist and the second sensor
location is the ankle.

10. A computer program product comprising computer
program code means which is adapted, when run on a
computer, to receive signals from a first electromagnetic
radiation sensor associated with the skin of the subject at a
first location and a second electromagnetic radiation sensor
associated with the skin of the subject at a second location
and to perform the steps of analyzing and determining of the
method of claim 5.
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