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(7) ABSTRACT

Method for measuring respiratory vibration on a human or
animal skin, including emitting an emission light at a first
position on the skin and receiving a diffused light from the
emission light at a second position on the skin; storing a
vibration signal including a light intensity of the diffused
light received over time; wherein the vibration signal cor-
responds to a mechanical vibration of the skin, and extract-
ing a respiratory parameter from the vibration signal. In
particular, at least one of the first position and the second
position is in proximity to or at a trachea, a neck or a chest.
The system for carrying out the method includes an emitter,
a receiver, a circuit, and a processing unit. A set of a sensor
module and a skin adhesive patch is also provided.
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METHOD AND SYSTEM FOR
RESPIRATORY MEASUREMENT

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims the benefit of priority of
Singapore patent application No. 10201703974R filed on
May 15, 2017, the contents of it being hereby incorporated
by reference in its entirety for all purposes.

TECHNICAL FIELD

[0002] Various aspects of this disclosure relate to a method
for measuring respiratory vibration on a human or animal
skin. Various aspects of this disclosure relate to a system for
performing the method for measuring respiratory vibration
on a human or animal skin. Various aspects of this disclosure
relate to a set of a sensor module and a skin adhesive patch.

BACKGROUND

[0003] Healthcare facilities worldwide still measure res-
piration manually by counting and timing chest movements.
In clinical departments that are fast-paced in nature and that
have either high patient volumes or require more accurate
measurements (e.g. emergency and respiratory wards),
manual methods of counting respiration can be slow, labo-
rious and highly subjective. While potential solutions such
as electrocardiography (ECG) and capnography (CPG) have
been explored for more objective monitoring of respiration,
they are not fast enough due to long setup times to get patient
and system ready and prolonged periods of connection to
patients. Furthermore, such ECG/CPG based solutions can
be costly, are generally sufficient for patients in high depen-
dency units, and may be impractical to deploy in a remote
setting. The known solutions that can be used to measure
respiration in a clinical setting are those based on electrical,
acoustic and measuring concentrations of carbon-dioxide
(capnography). The main bottleneck of such techniques is
that they are generally not accessible to patients at large,
especially in large-volume clinical settings such as emer-
gency departments, and they are cumbersome and not very
efficient to use. They require long setup times and patient
movements are restricted.

[0004] Thus, there is a need for providing a convenient
and accurate method and an apparatus for respiratory mea-
surement.

SUMMARY

[0005] Various embodiments may provide a method for
measuring respiratory vibration on a human or animal skin.
The method may include: emitting an emission light at a first
position on the skin and receiving a diffused light from the
emission light at a second position on the skin. The second
position is at a distance apart from the first position. The
method may include storing a vibration signal, which vibra-
tion signal may include a light intensity of the diffused light
received over time. The vibration signal may correspond to
a mechanical vibration of the skin. The method may include
extracting a respiratory parameter from the vibration signal.
[0006] Various embodiments may provide a system for
performing the method according to the present disclosure.
The system may include an emitter and a receiver. The
emitter may be configured to emit an emission light at the
first position on skin. The receiver may be configured to
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receive a diffused light from the emission light at the second
position on skin. The second position is at a distance apart
from the first position. The system may include a circuit. The
circuit may be configured to store a vibration signal corre-
sponding to the light intensity of the diffused light received
over a time. The system may include a processing unit. The
processing unit may be configured to extract a respiratory
parameter from the vibration signal.

[0007] Various embodiments may provide a set of a sensor
module and a skin adhesive patch. The skin adhesive patch
may include a first surface which may be placed on a skin
and a second surface which may cooperate with the sensor
module to fixate the sensor module to the patch. The sensor
module may include an emitter and a receiver. The emitter
may be configured to emit an emission light at the first
position on the skin. The receiver may be configured to
receive a diffused light from the emission light at the second
position on the skin. The second position is at a distance
apart from the first position. The sensor module may include
a circuit. The circuit may be configured to store a vibration
signal corresponding to a light intensity of the diffused light
received over a time. The skin adhesive patch may include
awindow region, configured to allow optical coupling of the
emitter to skin, and of the receiver to skin.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] The invention will be better understood with ref-
erence to the detailed description when considered in con-
junction with the non-limiting examples and the accompa-
nying drawings, in which:

[0009] FIG. 1 shows a flowchart of the method 100
according to various embodiments;

[0010] FIG. 2 is a schematic illustration of a system 200
according to various embodiments, and skin cross section 14
on which an emitter 220 and a receiver 230 are positioned
for measuring respiratory vibration;

[0011] FIG. 3 is a schematic illustration of a system 300,
wherein the optical fibers 322 and 332 touch the skin 10
around a neck area 20, in accordance to some embodiments;
[0012] FIG. 4A shows a plot of vibration signal 410 in the
form of receiver output over time acquired with a system
300 as illustrated in FIG. 3;

[0013] FIG. 4B shows an spectrum 420 of a Fast Fourier
Transformation (FFT) of the signal 410;

[0014] FIG. 5 is a schematic illustration of a system 500,
positioned on skin 10 around a neck area 20, in accordance
to some embodiments, wherein the light emitter and light
receiver may be in close contact with the skin and thus no
optical fibers are required,

[0015] FIG. 6A shows a plot of vibration signal 610 in the
form of receiver output over time acquired with a system
500 of FIG. 5, according to various embodiments;

[0016] FIG. 6B shows an spectrum 620 of a Fast Fourier
Transformation (FFT) of the signal 610;

[0017] FIG. 7A shows a plot of vibration signal 700
representing breathing in the region 710 and to cough events
720 and 730.

[0018] FIG. 7B shows a plot of vibration signal 750
representing breathing modulated by speech in region 760.
[0019] FIG. 8A shows an assembled set of a sensor
module 860 and a skin adhesive patch 870, according to
various embodiments, applied to a person’s neck 20.
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[0020] FIG. 8B shows a closer view of the assembled set
of the sensor module 860 and the skin adhesive patch 870 of
FIG. 8A, with an adhesive protection layer 872 partially
removed.

[0021] FIG. 8C shows a closer view of the skin adhesive
patch 870 of FIGS. 8A and 8B, and the sensor module 860,
in unassembled state.

[0022] FIG. 9Ais a schematic illustration of an assembled
set 900 of a sensor module 960 and a skin adhesive patch
970.

[0023] FIG. 9B is a cross-sectional view A-A of the
assembled set 900 for illustrating an example of a window
region 974.

[0024] FIG. 10 shows an upper plot 1010, of a vibration
signal wherein the respiratory rate can be seen over a
continuous period of 3 minutes, and a lower plot 1020.
[0025] FIG. 11 shows a comparison of a respiratory rate
signal acquired, in accordance to various embodiments, in a
lower plot 1120 to a respiratory rate signal acquired with a
commercial product, using a different technique, in an upper
plot 1110.

[0026] FIG. 12 shows an example of a schematic layout of
the electronic components of a sensor module 1200 accord-
ing to various embodiments.

DETAILED DESCRIPTION

[0027] The following detailed description refers to the
accompanying drawings that show, by way of illustration,
specific details and embodiments in which the invention
may be practiced. These embodiments are described in
sufficient detail to enable those skilled in the art to practice
the invention. Other embodiments may be utilized and
structural, and logical changes may be made without depart-
ing from the scope of the invention. The various embodi-
ments are not necessarily mutually exclusive, as some
embodiments can be combined with one or more other
embodiments to form new embodiments.

[0028] Embodiments described in the context of a method
may be analogously valid for the system and vice-versa.
Similarly, embodiments described in the context of a system
may be analogously valid for a set of a sensor module and
a skin adhesive patch, and vice-versa. Also, embodiments
described in the context of a method may be analogously
valid for a set of a sensor module and a skin adhesive patch,
and vice-versa.

[0029] Features that are described in the context of an
embodiment may correspondingly be applicable to the same
or similar features in the other embodiments. Features that
are described in the context of an embodiment may corre-
spondingly be applicable to the other embodiments, even if
not explicitly described in these other embodiments. Fur-
thermore, additions and/or combinations and/or alternatives
as described for a feature in the context of an embodiment
may correspondingly be applicable to the same or similar
feature in the other embodiments.

[0030] In the context of various embodiments, the articles
“a”, “an” and “the” as used with regard to a feature or
element include a reference to one or more of the features or
elements.

[0031] As used herein, the term “and/or” includes any and
all combinations of one or more of the associated listed
items.

[0032] Various embodiments may provide a method for
measuring respiratory vibration on a human or animal skin.
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According to various embodiments, the term “respiratory
vibration” may mean a mechanical vibration caused on the
skin, e.g. the skin subsurface, by the respiratory tract. One
example of a cause for respiratory vibration is breathing.
[0033] According to various embodiments, the method
may include: emitting an emission light at a first position on
the skin and receiving a diffused light from the emission
light at a second position on the skin. The second position is
at a distance apart from the first position. The distance may
be selected from 2 mm to 20 mm, for examples from 5 mm
to 15 mm. Exemplary distances are 5 mm and 10 mm. The
distance may be measured as the distance between the center
of light emission of an emitter’s end which end is to be
positioned proximal to skin and the center of light detection
of a receiver’s end which end is to be positioned proximal
to skin.

[0034] The method may include storing a vibration signal
corresponding to a light intensity of the diffused light
received over time.

[0035] According to various embodiments, the term
“vibration signal” may mean a received signal in electronic
form corresponding to a mechanical vibration of the skin,
wherein the mechanical vibration of the skin may include
the respiratory vibration signal. A plurality of light intensity
values obtained over time may include, or may form, the
vibration signal. For example, the light intensity may be
received with a receiver, for example a photodiode, the
electrical signal from the photodiode over time may be
considered the vibration signal. In another example, the light
intensity received by a receiver, for example by a photode-
tector or a photodiode, may be converted from analog to
digital form and may further be stored in a memory. A
plurality of light intensity values stored over time in digital
form may form a vibration signal in digital form.

[0036] Itwas surprisingly found that the vibration signal is
due to the mechanical vibrations, for example, in proximity
to a trachea, along the neck area or around the chest area,
which mechanical vibrations result from breathing. The
vibration signal due to breathing, as obtained in various
embodiments, is in fact much stronger as compared to other
optical based methods such as the photo-plethysmogram
(PPG). The PPG method is generally used in pulse oximeters
and smart wrist-watches to measure the heart rate of a
person, at an extremity of the person’s body, and can be used
to indirectly infer the respiratory rate. Although it is also
possible to infer respiration with a pulse-oximeter, this
method is indirect and is not accurate for clinical efforts.
Accordingly pulse-oximeter devices are configured to be
used at extremities of the body, where the respective PPG
signals may be acquired. In contrast, the method of the
present disclosure uses the fact that the membrane just
below of the skin on the trachea area, is expanding and
contracting when breathing. Due to expansion and contrac-
tion, the light absorption is changing, and hence, the diffuse
reflected optical signal (the diffused light), carrying the
vibration signal, is changing as well. The vibration signal
carries a pattern corresponding to the breathing rate. In fact,
it was found that the respiratory modulations may be
observed from the raw analog signal measured at the
receiver. The method according to various embodiments is
more direct and can be more accurate compared to other
optical based methods, since it does not necessarily require
any form of additional signal processing techniques to
observe the respiratory rate (note that respiration rate cal-
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culation from PPG is an indirect method). Furthermore, it
can move away from measurements at body extremities, for
example the arm, finger or other areas, which are typical
areas for measuring PPG based respiratory rates—and some
of these areas may be of concern especially with respect to
user experiences. It is important to note that the vibration
signal measured is not a PPG signal but rather a signal due
to the mechanical vibration of the skin.

[0037] It was surprisingly found that the method and
system as used herein may be used to obtain very accurate
respiratory information, in a simple manner.

[0038] According to various embodiments, the method
may include extracting a respiratory parameter from the
vibration signal. According to various embodiments, the
respiratory parameter may be: breath cycle count, frequency
or rate, depth, inhalation-to-exhalation ratio (IER), durations
of inhalation, retention, exhalation, hold, consistency,
smoothness, transition. For example, the respiratory param-
eter may be breath frequency or breath cycle count. Accord-
ingly, extracting the respiratory parameter may include
determining at least one of: breath frequency, breath cycle
count. The respiratory parameters may be respiratory param-
eters of periodic signal. For example the respiratory param-
eters: breath cycle count, frequency or rate, depth, inhala-
tion-to-exhalation ratio (IER), durations of inhalation,
retention, exhalation, and hold, consistency, smoothness,
transition, may be respiratory parameters of periodic signal.
[0039] According to various embodiments, the method
may further include applying a low-pass filter on the vibra-
tion signal. The low-pass filter may be applied on the
vibration signal for determining a respiratory parameter, in
particular for determining a respiratory parameter of peri-
odic signal. The low-pass filter may be an electronic analog
filter for filtering the vibration signal in analog form, e.g.,
before a conversion in digital form. Alternatively or in
addition, the low-pass filter may a digital filter for filtering
the vibration signal in digital form. For example, the low
pass filter may have a cut-off frequency of 1 Hz, or 0.8 Hz.
The cut-off frequency may be a half-power point of -3 dB.
Tt was found that with the low pass filter a better signal to
noise ratio may be obtained, in particular for determining a
respiratory parameter.

[0040] According to various embodiments, the term
“breath” as, e.g., in “breath cycle count”, may refer to a
cycle of air intake into the lungs and then expelling it.
[0041] According to various embodiments, the method
may include generating a spectrum in the frequency domain
from the vibration signal, which vibration signal is in the
time domain. For example, an FFT transformation may be
applied to the vibration signal for obtaining the spectrum. In
one example, the breath frequency may be obtained from a
frequency corresponding to a peak in the spectrum. For
example, for human respiration, the breath frequency may
be obtained between the frequencies of 0.15 Hz and 1 Hz,
for example between 0.2 and 0.8 Hz. The breath rate may be
directly calculated from the breath frequency.

[0042] Besides monitoring the respiration of a person, the
proposed method can also be used to monitor a person’s
cough and/or speech. When a person coughs, spikes can be
observed from the photodetector output. Similarly, when a
person speaks, the breathing signal is modulated and can be
observed from the photodetector output. By tracking such
respiratory behaviors, it may be possible to use the proposed
method to track 1) respiratory illnesses such as asthma and
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chronic obstructive pulmonary disease (COPD), 2) sleep
disorders such as obstructive sleep apnea, 3) stress and
wellbeing, 4) speech communication and 5) fitness perfor-
mances.

[0043] According to various embodiments, the method
according to various embodiments may include isolating
signals with a frequency range between the frequencies of
0.15 Hz and 1 Hz, for example between 0.2 and 0.8 Hz.

[0044] According to various embodiments, the respiratory
parameter may be a cough event or cough events count.
Accordingly, extracting the respiratory parameter may
include determining one or more cough events. For example,
a cough event may be characterized by a higher amplitude,
for example 2 times or higher, than the average breathing
amplitude, and a duration period shorter, for example by
half, by a third, or less, than the average breathing period. It
was found that a cough event has a very strong signal.
Consequently, a cough event may also be detected, from the
vibration signal before the low-pass filter, if such filter is
provided.

[0045] According to various embodiments, the respiratory
parameter may be a speech event or information related to
a speech event. Accordingly, extracting the respiratory
parameter may include determining one or more speech
events. The speech may be filtered from the vibration signal
by a speech filter. The speech filter may be a band pass filter,
for example with band pass between 100 Hz to 17 kHz. Thus
speech may be easily distinguished from other respiratory
parameters, in particular from respiratory parameters of
periodic signal.

[0046] Various embodiments may provide a system for
performing the method according to the present disclosure.
The system may include an emitter and a receiver.

[0047] In the context of the present disclosure and also
according to various embodiments, the term “system” may
mean a system implemented as an apparatus. For example as
an apparatus which may be worn by a user, for example at
a user’s neck area.

[0048] According to various embodiments, the emitter
may be configured to emit an emission light at the first
position on skin. According to various embodiments, the
emitter may include a light emitting device, such as a light
emitting diode or a light emitting laser diode. The emitter
may include an optical guide, for example an optical fiber.
The optical fiber may be optically coupled to the light
emitting device. The emitter may be configured to emit light
with a peak wavelength selected from 600 nm to 1000 nm,
for example selected from 800 nm to 1000 nm, for example
selected from 800 nm to 900 nm. Accordingly, the light
emitting device may be configured to emit light with a peak
wavelength selected from 600 nm to 1000 nm, for example
selected from 800 nm to 1000 nm, for example selected from
800 nm to 900 nm. The light emitting device may be, for
example, a laser diode, for example a vertical-cavity sur-
face-emitting laser (VCSEL). In one example the light
emitting device may be a VCSEL 850 nm laser diode. In
another example, the emitter may be a VCSEL 850 nm laser
diode coupled to an optical guide. It was found that with a
laser diode a good signal to noise ratio may be obtained for
the vibration signal. It was also found that the vibration
signal is more intense in the wavelength range between 800
nm to 1000 nm, including the wavelength range from 800
nm to 900 nm.
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[0049] According to various embodiments, the receiver
may be configured to, receive a diffused light from the
emission light at the second position on skin. According to
various embodiments, the receiver may include a light
detector, for example a photodetector, such as a photodiode
or a phototransistor. The photodetector may include biasing
and/or amplifying circuitry. The receiver may include an
optical guide, for example an optical fiber. The optical fiber
may be optically coupled to the light detector. The receiver
may be configured to sense light at the peak wavelength of
the emitter. In one example the receiver may be a broadband
photodiode covering VIS-NIR (e.g. with wavelength range
between 600 nm to 1000 nm). In another example, the
receiver may be a broadband photodiode covering VIS-NIR
(e.g. with wavelength range between 600 to 1000 nm)
coupled to an optical guide. In yet another example, the
receiver may be configured to be responsive to wavelength
from 800 nm to 900 nm, and may have a much lower or no
responsivity out of this range.

[0050] According to various embodiments, the emitter and
the receiver may be configured so that, when the emitter and
the receiver are positioned on skin, the emitter is arranged to
emit the emission light at the first position on skin and the
receiver 1s configured to receive a diffused light from the
emission light at the second position on skin. The second
position is at a distance apart from the first position.
[0051] According to various embodiments, the emitter and
the receiver may be in close contact, for example in direct
contact, with the skin. Accordingly, the emitter and the
receiver may be configured to be in close contact, such as in
direct contact, with the skin. The term “close™ in “close
contact” may refer to a separation between the emitter and
the skin and/or the receiver and the skin of less than the
distance between the first position and the second position,
for example, less than Y10 of the distance, or less than Y40 of
the distance. For example the separation may be between 2
and 5 mm, in another example the separation may be equal
to or less than 5 mm, in yet another example the separation
may be less than 2 mm.

[0052] According to various embodiments, the emission
light may include a wavelength which is able to at least
partially diffuse through skin. The emission light wave-
length may be adjusted to be able to measure the diffusion
path length in the skin. The wavelength may be in the range
of wavelengths from 600 nm to 1000 nm, for example from
800 nm to 1000 nm, for example from 800 nm to 900 nm.
In accordance to various embodiments, a range described as
from a first endpoint to a second endpoint, may include the
first endpoint and the second endpoint.

[0053] According to various embodiments, the emitter and
the receiver are configured to be positioned relative to each
other, or are positioned relative to each other, to face
substantially a same direction. The term “face” in this
context means the side of the receiver and the emitter which
is optically active. For example, the emitter is able to emit
light in an emitter preferential direction, and the receiver is
able to receive light from a receiver preferential direction,
the emitter preferential direction and the receiver preferen-
tial direction are substantially parallel. For example the
emitter and the receiver may be arranged substantially in a
same plane, and facing away from a same side of the plane.
[0054] According to various embodiments, at least one of
the first position and the second position is in proximity to
a respiratory tract, for example in proximity to a trachea,
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along the neck area or around the chest area. It was found
that the vibration signal has a stronger intensity in these
areas.

[0055] According to various embodiments, the system
may include a sensor module, wherein the sensor module
includes the emitter and the receiver. The sensor module
may include a casing. The emitter and the receiver may be
arranged 1in fixed positions in relation to a casing of the
sensor module.

[0056] According to various embodiments, the sensor
module may be a necklace pendant. Alternatively or in
addition, the sensor module may be a necklace. A necklace
may be, for example, a band, a chain, or a cord that may be
wrapped around the neck. A necklace pendant may be, for
example, a pendant which may be attached, for example, so
as to hang from, a necklace.

[0057] According to various embodiments, the sensor
module may include a communication interface configured
to transmit a vibration signal to a remote device.

[0058] According to various embodiments, the time may
be equal to or longer than at least one breath cycle, for
example the time may be at least 10 seconds, or in a further
example, at least 5 seconds.

[0059] According to various embodiments, the system
may include a circuit. The circuit may be configured to store
a vibration signal corresponding to the light intensity of the
diffused light received over a time. According to various
embodiments, the system may include a processing unit. The
processing unit may be configured to extract a respiratory
parameter from the vibration signal.

[0060] According to various embodiments, the system
may further include a remote device. The sensor module
may be configured to transmit a vibration signal to the
remote device. The remote device may be configured to
receive a vibration signal from the sensor module. In some
embodiments, the processing unit may be provided in the
remote device. Also the processing unit may be provided in
the remote device. For example, the remote device may be
a computation device such as: a computer, a mobile phone,
an electronic tablet.

[0061] According to various embodiments, the circuit and
the processing unit may be integral parts of a same micro-
processor. For example, the circuit and the processing unit
may be implemented as sub-circuits of a microprocessor
and/or programmed parts stored at least temporarily in a
memory which may be included in the microprocessor.
[0062] The present disclosure relates to an optical
approach towards direct-measurement of respiration, e.g.
human respiration, via direct-contact. Respiration is an
information-dense data stream: it has many components to it
such as rate, depth, inhalation-to-exhalation ratio (IER),
durations of inhalation, retention, exhalation, and hold,
consistency, smoothness, transition, and so on. FIG. 1 shows
a flowchart of the method 100 according to various embodi-
ments. A first step 110 may include emitting an emission
light at a first position on the skin and receiving a diffused
light from the emission light at a second position on the skin.
A second step 120 may include storing a vibration signal
corresponding to a light intensity of the diffused light
received over time. A third step 130 may include extracting
a respiratory parameter from the vibration signal.

[0063] The principle behind the approach is optical diffuse
reflectance. In this method, light is emitted from the emitter
and is termed emission light or also incident light (I,)). The
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emission light hits the skin surface tissue at the first position
and diffuses on the skin subsurface, on a path (see FIG. 2,
path 240) with a path length [, towards the receiver at the
second position, which receiver collects the diffused light
(1,). The diffused light may also be named reflected light.
The relationship between the diffused and emission light is
expressed by Beer-Lambert Law:

I=IeL.

[0064] The important part of this relationship is the Net
Path Coefficient or aL (alphaxL), in which, a (alpha) is the
path loss coeflicient (in units of 1/cm) and L is the path
length (cm). Due to tissue vibration when breathing, also
named herein as the respiratory vibration, the Net Path
Coefficient changes, causing the diffused light (I,) to change
and oscillate in time. It is this change in diffused light
intensity that is picked up by detection elements to result in
the breathing signal.

[0065] FIG. 2 is a schematic illustration of a system 200
and skin cross section 14 on which an emitter 220 and a
receiver 230 are positioned for measuring respiratory vibra-
tion. The emitter 220 may be configured to emit an emission
light at the first position 222 on skin. The receiver 230 may
be configured to receive a diffused light from the emission
light at the second position on skin 232. The second position
232 is at a distance D apart from the first position 222. The
light diffusion path is schematically illustrated by the path
240. The length of the path 240 may be approximated to the
distance D. The length of the path traversed by light along
the skin may be for example 10 mm, within a depth of, for
example, up to 5 mm. According to various embodiments
the system is configured so that light is received from the
dermis layer 16. Below the dermis layer is the subcutaneous
fat layer 18, where blood concentration is typically higher.
According to various embodiments, the vibration signal may
be the signal obtained from the mechanical vibrations of the
dermis layer 16 and may further exclude the signal from the
underneath layers, such as layer 18, to avoid increase in
signal noise. The system, the emitter, and/or the receiver
may be configured accordingly, for obtaining the vibration
signal from the dermis. Without wanting to be bound by
theory, it is believed that the vibration signal from light
modulated by the dermis may be of increased signal to noise
ratio as from other skin layers.

[0066] FIG. 3 is a schematic illustration of a system 300
positioned on skin 10 around a neck area 20, in accordance
to some embodiments. The system may be implemented in
the form of an optical fiber coupled apparatus, the system
comprising optical fibers (322 and 332) which optical fibers
touch the skin, for example at positions 326 and 336 as
illustrated in FIG. 3. In the example of FIG. 3, the emitter
includes a light emitter 324 and an optical fiber 322 as
optical guide, and the receiver includes a light receiver 334
and an optical fiber 332 as optical guide. In a more concrete
example in accordance to FIG. 3, an optical fiber 322 was
placed on the neck area 20 at a first position 326. An optical
fiber 332 was placed on the neck area 20 at a second position
336. The optical fiber 322 was coupled to a light-emitting
diode 324 with peak emission wavelength at 850 nm. The
optical fiber 332 was coupled to a silicon avalanche photo-
diode 334. The electrical signal produced by light interaction
on the photodiode was post-processed by passing the elec-
trical signal through a low-pass filter and computing the
fast-Fourier transform (FFT). An example of electrical sig-
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nal is the photocurrent of the photodiode, another example
is a corresponding voltage, e.g. generated due to the flow of
the photocurrent through a resistor. A conversion from
analog to digital signal may be included as necessary, for
example before the FFT, or before the low-pass filter if the
low-pass filter is a digital filter. FIGS. 4A and 4B present the
post processed results obtained with a system as shown in
FIG. 3. FIG. 4A shows a plot of a vibration signal 410 in the
form of receiver output over time acquired with a system
300, namely the time-domain vibration signal, which in this
example includes a clear breathing signal under normal
respiratory condition. In the breathing signal, the periodic
intensity modulation at the rate of respiration is seen. The
FFT 420 of the vibration signal 410 is shown in FIG. 4B,
where the fundamental respiratory rate at 0.21 Hz (peak 422)
and the second harmonic at 0.4 Hz (peak 424) is seen. This
corresponds rightly to the breathing period of around 4.76
seconds and approximately 12.6 breaths per minute. Accord-
ing to various embodiments, the second or higher harmon-
ics, e.g. peak 424 as illustrate in FIG. 4B, may be filtered out
using the low pass filter.

[0067] FIG. 5 is a schematic illustration of a system 500
positioned on skin 10 around a neck area 20, in accordance
to some embodiments. In the example of FIG. 5, the emitter
520 includes a light emitter and the receiver 530 includes a
light receiver. The system 500 may be implemented as a
direct contact apparatus, for example, wherein the light
emitter and light receiver may each be configured to be in
close contact with the skin, and may each be in close contact
with the skin.

[0068] FIG. 6A shows a plot of a vibration signal 610 in
the form of receiver output over time acquired with a system
500 of FIG. 5, namely the time-domain vibration signal, in
this case including a clear breathing signal, under normal
respiratory condition. The FFT 620 of the vibration signal
610 is shown in FIG. 6B, where the fundamental respiratory
rate can be seen at the peak 624 at 0.21 Hz. The results of
FIGS. 6A and 6B were taken with a VCSEL 850 nm laser
diode as emitter and a broadband photodiode detector cov-
ering VIS-NIR (600-1000 nm) as receiver. The distance
between 850 nm diode and the receiver was 10 mm.

[0069] InFIG.7A, an example of a vibration signal 700 is
presented under the condition of normal breathing, in region
710, followed by 2 coughs and 3 coughs. This post-pro-
cessed signal was taken with a system according to FIG. 5,
but similar results can be obtained with any other system
according to various embodiments, for example with a
system according to FIG. 3. Two distinct spikes are observed
upon 2 coughs in region 720 while three distinct spikes are
observed upon 3 coughs in region 730. FIG. 7B shows a plot
of vibration signal 750 representing breathing modulated by
speech of “Hello World” and “Good moming”.

[0070] According to various embodiments, the system
may be implemented as a device, for example a wearable
device. The device can quickly, easily and accurately mea-
sure breathing rate and patterns around the human neck area.
The applications of this device include clinical respiratory
monitoring and general consumer healthcare, for example,
in measuring stress levels from respiration patterns. Further
embodiments and examples of systems and devices will be
shown in connection with FIGS. §A-8C.

[0071] In the examples illustrated in FIGS. 8A, 8B, 8C,
9A, 9B, 10, 11 and 12, systems implemented as apparatuses
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were used, for example wherein all electronic and optic
components may be integrated as a wearable apparatus.

[0072] FIG. 8A shows an exemplary set of a sensor
module 860 and a skin adhesive patch 870, according to
various embodiments, in assembled form and applied to a
person’s neck 20. A skin adhesive patch may be provided to
connect the device onto the neck area of the subject. The
sensor module 860 may be assembled to the skin adhesive
patch 870, by a suitable fastening means, for example, by a
hook and loop fastener. In one example, one side of the skin
adhesive patch is a sticky part that sticks to the subject neck
area, and the other side of the skin adhesive patch may
include hook and loop fastener that sticks to the sensor
module. FIG. 8B shows a closer view of the assembled set
of the sensor module 860 and the skin adhesive patch 870 of
FIG. 8A, still with an adhesive protection layer 872 partially
removed. FIG. 8C shows a closer view of the skin adhesive
patch 870 of FIGS. 8A and 8B, and the sensor module 860,
in unassembled state. The skin adhesive patch 870 may
include a window region window 874, configured to allow
optical coupling of the emitter to skin, and of the receiver to
skin. The window region may be, for example a transparent
window or a cut out, which allows the emission light from
the sensor module to make contact with the subject and the
diffused light to be detected. The skin adhesive patch may be
disposable so that it can be disposed after usage.

[0073] FIG. 8A highlights how the system may be worn
around the neck area, according to some embodiments. In
other embodiments, the sensor module may be worn as a
necklace pendant.

[0074] FIG. 9Ais a schematic illustration of an assembled
set 900 of a sensor module 960 and a skin adhesive patch
970. The skin adhesive patch 970 may include an adhesive
layer 972 configured for adhering the skin adhesive patch
970 to skin. The set may include a fastening means 976 for
removable fastening the sensor module 960 to the skin
adhesive patch 970. The fastening means 976 may be, for
example a single layer, or more than one layer, for example
it may be a hook and loop fastener.

[0075] FIG. 9B is a cross-sectional view A-A of the
assembled set 900 for illustrating an example of a window
region 974. In the illustrated example, the skin adhesive
patch 970 includes a window for providing the window
region 974, the window may be a cutout or a transparent
region. The window region 974 may also be free of adhesive
layer 972 and may be free of fastening means 976.

[0076] While FIG. 8A-9B describe various embodiments
in connection with a set of a sensor module 860 and a skin
adhesive patch 870, it is emphasized that the explanations
and description of the features also apply to a system and
vice-versa, and also to a method and vice-versa, in accor-
dance to various embodiments.

[0077] The gold-standard of measuring respiration in the
clinics or hospitals is by manual-counting. A study was
conducted and the table below compares the breathing rate
measured by a system in accordance to various embodi-
ments and the gold-standard of manual-counting. The study
consisted of healthy subjects from a broad age group. As can
be seen, deviations of less than 1 bpm (bpm means breaths
per minute) can be achieved.

May 28, 2020
Subjects Manual Device
(Age, Gender, Weight, Skin Tone) (bpm) (bpm)

A (34, M, Normal, Dark) 9 8.5

B (27, M, Normal, Fair) 7 6.5

C (64, F, Overweight, Fair) 10 10.5

D (59, M, Normal, Fair) 10 10.2

E (31, M, Normal, Fair) 14 134
[0078] A proof-of-concept was also done on patients in the

intensive-care-unit. One example of a comparison of the
results of the gold standard (manual counting) and the
method and system according to various embodiments is
shown in FIG. 10. It is shown an upper plot 1010 of a
vibration signal wherein the respiratory rate can be seen over
a continuous period of 3 minutes, and a lower plot 1020. Plot
1020 shows the tidal depth or the depth of breathing. This is
measured as the displacement between the maximum to
minimum of the electrical signal. As can be seen, the tidal
depth and breathing pattern are both consistent over the
breathing. FIG. 10 shows an exemplary plot of the respira-
tory rate over a continuous period of 3 mins and compares
with manual-counting at intervals of 1 min. The manual
count is 21 counts at the mark of 2 minutes, another 22
counts at mark of 3 minutes, and another 21 counts at the
mark of 4 minutes. For this study the highly-severe disease
patients, the average deviation from manual-count and
ECG-leads were 1.54 bpm and 1.21 bpm, respectively.
[0079] FIG. 11 shows a comparison of a respiratory rate
signal acquired in accordance to various embodiments in a
lower plot 1120 to a respiratory rate signal acquired with a
commercial product, using a different technique (Zephyr
Bioharness from the company Medtronic), in an upper plot
1110. As can be seen from FIG. 11, which plots the breathing
pattern over time, a good match can be achieved with the
commercial product.

[0080] The results of FIGS. 10 and 11 were taken with a
VCSEL 850 nm laser diode as emitter and a broadband
photodiode detector covering VIS-NIR (600-1000 nm) as
receiver. The distance between 850 nm diode and the
receiver was 10 mm.

[0081] The sensor module may include a single chip
performing various task, for example at least one, of: power
supply, switching module, calibration module, optical sens-
ing, signal processing, signal transmission, wireless Blu-
etooth transmission, or combinations thereof.

[0082] Inoneexample, the sensor module includes several
components as shown in FIG. 12. The sensor module 1200
may include, for example on a first side 1210, at least one of
a battery 1211, such as a 180 mAh battery, a wireless
transmitter 1212, such as a Bluetooth transmitter, a charging
circuit, such as an USB charging connector and/or circuit
1214, a voltage tuner 1213 to tune the power of the emitter.
The sensor module 1200 may include, for example on a
second side 1220, at least one of an emitter 1221, such as an
LED or a laser diode, a receiver 1222, such as an integrated
photodiode, a microprocessor 1223, such as a programmable
microprocessor, a memory 1224, such as a 32 MB memory,
a switch 1225, for example to turn the device on and off. The
microprocessor may be configured to perform the required
analog to digital conversion and signal processing. The
memory may be configured, for example, to store relevant
boot-up software data and past history. The wireless trans-
mitter, e.g. the Bluetooth transmitter, may be configured to
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receive and transmit data wirelessly to mobile platforms
such as a computer and a mobile phone.
[0083] While the invention has been particularly shown
and described with reference to specific embodiments, it
should be understood by those skilled in the art that various
changes in form and detail may be made therein without
departing from the scope of the invention as defined by the
appended claims. The scope of the invention is thus indi-
cated by the appended claims and all changes which come
within the meaning and range of equivalency of the claims
are therefore intended to be embraced.
1. A method for measuring respiratory vibration on a
human or animal skin, comprising:
emitting an emission light at a first position on the skin;
receiving a diffused light from the emission light at a
second position on the skin, wherein the second posi-
tion is at a distance apart from the first position;

storing a vibration signal comprising a light intensity of
the diffused light received over time; wherein the
vibration signal corresponds to a mechanical vibration
of the skin; and

extracting a respiratory parameter from the vibration

signal.

2. The method of claim 1, further comprising applying a
low-pass filter on the vibration signal.

3. The method of claim 1, further comprising generating
a spectrum in the frequency domain from the vibration
signal, which is in the time domain.

4. The method of claim 1, wherein extracting the respi-
ratory parameter comprises determining at least one of:
breath cycle count, frequency, rate, depth, inhalation-to-
exhalation ratio (IER), durations of inhalation, retention,
exhalation, hold, consistency, smoothness, transition.

5. The method of claim 1, wherein extracting the respi-
ratory parameter comprises determining one or more cough
events.

6. The method of any of claim 1, wherein extracting the
respiratory parameter comprises determining one or more
speech events.

7. The method of claim 1, wherein at least one of the first
position and the second position is in proximity to or at a
trachea, a neck or a chest.

8. A system for measuring respiratory vibration on a
human or animal skin, comptising:

an emitter configured to emit an emission light at a first

position on the skin;

a receiver configured to receive a diffused light from the

emission light at a second position on the skin,
wherein the second position is at a distance apart from the
first position;

a circuit configured to store a vibration signal correspond-

ing to a light intensity of the diffused light received
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over time, wherein the vibration signal corresponds to
a mechanical vibration of the skin; and

a processing unit configured to extract a respiratory
parameter from the vibration signal.

9. The system of claim 8, wherein the time is equal to or

longer than at least one breath cycle.

10. The system of claim 8, wherein the system comprises
a sensor module, wherein the sensor module comprises the
emitter and the receiver.

11. The system of claim 10, wherein the sensor module is
a necklace pendant or a necklace.

12. The system of claim 8, wherein the emitter and the
receiver are positioned relative to each other to face sub-
stantially a same direction.

13. The system of claim 10, wherein the sensor module
comprises the circuit.

14. The system of claim 8, further comprising a remote
device and wherein at least one of the circuit and the
processing unit is provided in the remote device.

15. The system of claim 8, wherein the circuit and the
processing unit are integral parts of a same microprocessor
circuit.

16. The system of claim 8, wherein at least one of the first
position and the second position is in proximity to or at a
trachea, a neck or a chest.

17. The system of claim 8, wherein the emitter comprises
a light emitting diode or a light emitting laser diode, and
wherein the receiver comprises a photodetector.

18. (canceled)

19. The system of claim 8, wherein at least one of the
emitter and the receiver comprises a respective optical
guide.

20. The system of claim 8, wherein the emission light
comprises a wavelength which is able to at least partially
diffuse through skin.

21. A set of a sensor module and a skin adhesive patch,
wherein the skin adhesive patch comprises a first surface
which may be placed on a skin and a second surface which
may cooperate with the sensor module to fixate the sensor
module to the patch; wherein the sensor module comprises:

an emitter configured to emit an emission light at a first
position on the skin;

a receiver configured to receive a diffused light from the
emission light at a second position on the skin;

wherein the second position is at a distance apart from the
first position;

a circuit configured to store a vibration signal correspond-
ing to a light intensity of the diffused light received
over a time;

wherein the patch comprises a window region, configured
to allow optical coupling of the emitter to the skin, and
of the receiver to the skin.
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