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PHYSIOLOGICAL MONITORING DEVICE

A physiological monitoring device (1) is provided

comprising a cup-shaped element (2) suitable for acquir-
ing signals from a skin surface, a control element (3) suit-
able forcommunicating with the cup-shaped element (2),
wherein the cup-shaped element (2) is suitable for ac-

quiring signals comprising pressure pulsations, and
wherein the control element (3) comprises at least one
pressure sensor (30) suitable for detecting signals with
frequencies having a minimum detectable value of at
least less than 5 Hz.
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Description

[0001] The presentinvention relates to a physiological
monitoring device of the type specified in the preamble
of the first claim.

[0002] Similar devices are described in patent applica-
tions US-A-2015/141774, US-A-2007/113654, US-B-
6415033 and JP-A-2013102784.

[0003] In particular, the object of the invention is a de-
vice suitable for detecting physiological parameters with-
in the context of conventional daily activities, as well as
medical and sports activities.

[0004] At the current state-of-the-art, it is known that
medical devices for physiological monitoring are charac-
terisedin that their working is principally based on contact
of the device concerned with the upper dermal layer of
the body.

[0005] Examples in this sense include instruments for
detecting various characteristic physiological parame-
ters commonly found in the context of everyday life: a
thermometer is a simple instrument suitable for measur-
ing body temperature by means of contact of the skin
with a metal bulb.

[0006] Another example of a common object used for
measuring physiological parameters is a sphygmoma-
nometer, otherwise known as a pressure meter, suitable
for determining diastolic and systolic blood pressure.
[0007] Besides the aforesaid devices, at the current
state-of-the-art, it is possible to find other instruments for
measuring and/or recording other types of physiological
parameters of interest.

[0008] A stethophone endoscope is a commonly used
instrument, which allows to listen to both high frequency
and low frequency vibrations, hence its use in listening
to internal organs in general.

[0009] Glucometers are commonly used instruments
suitable for blood tests, for recording glucose in the blood.
[0010] Moreover, bracelets or wristwatches have been
marketed, especially recently, which are mainly suitable
for monitoring cardiac activity.

[0011] Within the context of processing physiological
parameters relating to muscular activity, both in the clin-
ical and commercial field, a number of recording tech-
niques have been developed including, for example,
mechanomyography (MMG) and electromyography
(EMG).

[0012] These techniques are used to obtain sounds
and electric activity respectively developed by muscular
contractions originating from the movement ofthe muscle
fibres.

[0013] In detail, the EMG is based on the frequency
processing of the signals from electrodes positioned on
the body or inside the body by means of needles for ob-
serving the innermost muscle fibres.

[0014] The known art described presents a number of
important disadvantages.

[0015] In particular, the described devices are only
able to monitor one physiological characteristic param-
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eter and, in most cases require special recording proce-
dures, just think of the sphygmomanometer, which pre-
vent immediate use during activities that engage the
whole body, such as, for example, sport.

[0016] In view of the above, an additional important
disadvantage in the context of the current art is that the
instruments currently in use are not easy to carry, with
the exception of bracelets for recording heartbeats.
[0017] A further disadvantage of the known art relating
to certain parameters lies in the invasiveness of the in-
struments used: just consider the glucometer, which in-
cludes the pricking of a fingertip, or the recording of in-
ternal muscle fibres using needles for the EMG.

[0018] A further disadvantage lies in the complexity
and difficulty in obtaining acceptable forecasts for some
of the apparatus currently in use, such as, for example
devices for EMG.

[0019] The aim of the latter is to record and sample the
frequencies of the signals coming from the moving mus-
cle fibres, but they are affected by disturbances, such as,
for example noise at 50 Hz coming from interference
along the electrical line or signals from the antagonist
muscles, which need significant filtering components for
the signals.

[0020] In conclusion, and with particular reference to
the muscular apparatus, the most serious disadvantage
identified in the aforesaid art is the difficulty and lack of
accuracy within the field of healthcare and particularly on
individuals whose muscle fascia are compromised by
pathologies such as, for example Amyotrophic Lateral
Sclerosis (commonly known as ALS).

[0021] In this situation, the technical task at the base
ofthe presentinventionis to develop a physiological mon-
itoring device capable of substantially overcoming the
stated disadvantages.

[0022] In the context of said technical task, an impor-
tant objective of the invention is to obtain simultaneous
monitoring, inreal time, of a number of physiological char-
acteristic parameters.

[0023] A further objective of the invention is to develop
a device that guarantees high sensitivity to the physio-
logical parameters under monitoring.

[0024] Another important objective of the invention is
to develop a device that is easy to carry and can be used
widely both in the field of sport, for monitoring physical
training sessions and in the field of healthcare, for those
cases that include pathologies such as muscular pathol-
ogies.

[0025] One last, but no less important, objective of the
invention is to develop a device that is not invasive and
which can be applied to the body with no limitations.
[0026] The technical task and specified objectives are
achieved by means of the technical solution defined by
the appended claim 1. Examples of preferred embodi-
ments are described in the dependent claims.

[0027] The characteristics and advantages of the in-
vention are clarified below by the detailed description of
preferred embodiments of the invention, with reference
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to the accompanying drawings, wherein:

Figure 1 shows a perspective view from the top of
the device; and

Figure 2 illustrates a perspective view from the bot-
tom of the device.

[0028] Inthis document, when measurements, values,
shapes and geometrical references (such as perpendic-
ularity and parallelism) are associated with words, such
as "approximately" or other similar terms, for example
"practically” or "substantially", they are to be understood
as with the exception of measurement errors or inaccu-
racies resulting from production and/or manufacturing er-
rors and, above all, with the exception of a slight diver-
gence from the value, measurement, shape or geomet-
rical reference with which it is associated. For example,
if said terms are associated with a value, they preferably
indicate a divergence of no more than 10% of the same

value.

[0029] Furthermore, when terms such as "first", "sec-
ond", "upper", "lower", "principal" and "secondary" are
used, they do not necessarily identify an order, a rela-
tionship priority or relative position, but they may simply
be used to distinguish different components more clearly.
[0030] With reference to the figures, the physiological
monitoring device according to the invention is globally
indicated with number 1.

[0031] Inbrief, the inventive principle at the base of the
physiological monitoring device 1 centres on the func-
tional combination of the art known as mechanomyogra-
phy and auscultation from a stethophone endoscope that
is advantageously modified.

[0032] Mechanomyography or MMG is a non-invasive
technique, as stated in the introduction, able to acquire
the sound produced by the muscular contractions origi-
nating from the movement of the muscle fibres: said
sound of the muscle fibres is a signal whose frequency
is comprised within a range of approximately 2-250 Hz.
Said technique can be used in the clinical field, in athlet-
ics, for monitoring muscular fatigue or cybernetic as bi-
ofeedback for checking systems.

[0033] The stethophone endoscope is, as stated, a
medical instrument, which allows the auscultation of the
organs vibrating inside the body by means of sounds
(pressure waves) received by the tympanum in the hu-
man ear through channelling tubes.

[0034] Structurally, the physiological monitoring de-
vice 1 is preferably composed of four main components:
a cup-shaped element 2, defining a main axis 1a and a
reference plane 1 b perpendicular to the main axis 1 a,
a control element 3, a cover 4 and, if necessary, a dia-
phragm 5.

[0035] The cup-shaped element 2 is preferably made
of a polymeric material and defines, for example, a lower
base 2a belonging to the reference plane 1 b, centred on
the main axis 1a, and an upper base 2b with a variable
geometry section, parallel to the plane 1 b, smaller in
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relation to the projection of the lower base 2a on the ref-
erence plane 1 b.

[0036] The upperbase 2bis preferably surmounted by
the control element 3.

[0037] The control element 3 is for example a plate,
intended as a rigid element in which two sizes significant-
ly predominate over the third, with variable geometry,
comprising a lower surface 3a parallel to the reference
plane 1b and suitable for contact with the cup-shaped
element 2, and an upper surface 3b opposite the preced-
ing one.

[0038] Furthermore, the cup-shaped element 2 defines
a lateral surface 2c, where at least two slots 20b are
preferably positioned for possible connection with a little
strap 100, and comprising a through hole 20 that defines
an internal surface 20a.

[0039] The cup-shaped element 2 is substantially in-
spired by the aforesaid stethophone endoscope.

[0040] However, compared to this, the physiological
monitoring device 1 presents advantageously different
characteristics.

[0041] Recording of the physiological activities of in-
terest takes place in the stethophone endoscope by ac-
quisition of pressure waves, as stated previously, carried
inside a tube, by the tympanum that is by a sound noise
sensor.

[0042] Whereas, inthe physiological monitoring device
1, the pressure signal is processed at the upper base 2b
by a pressure sensor 30. The latter is preferably com-
prised inside the control element 3 and in particular, in a
position centred on the main axis 1 a at the lower surface
3a.

[0043] The pressure sensor 30 is for example of the
type BOSCH® BME 280 or Honeywell® HSCSRRN0O1
NDAAS3 and performs important functions in the context
of the working of the monitoring device 1.

[0044] In particular, it is designed to transduce the
pressure wave into an electric signal and subsequently
digital and using a dedicated algorithm it enables the
shifting of the low frequencies towards the high frequen-
cies, making the otherwise inaudible pressure waves au-
dible.

[0045] The pressure sensor 30 makes it possible to
pick up and transmit signals at very low frequencies, low-
er than 5 Hz and preferably until null frequency or 0 Hz,
which is usually not detectable with instruments belong-
ing to the current state-of-the-art.

[0046] In other words, the pressure sensor 30, unlike
microphones, is capable of detecting and transmitting
signals independently of the frequency, reaching far
greater sensitivities.

[0047] Furthermore, the pressure sensor 30 enables
body humidity and temperature to be recorded and, when
resting on the abdomen, it is possible to measure the
respiratory rate and transduce the sounds of opening and
closing of the heart valves.

[0048] This is possible, principally because of a bidi-
rectional valve 31 that allows the pressure to be control-
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led inside the cup-shaped element. This bidirectional
valve 31 is also preferably comprised within the control
element 3.

[0049] In particular, once closed, the valve 31 allows
the device 1to be sealed hermetically on the skin surface,
closing the hole 20 again to facilitate the measurement
of the respiratory rate. Whereas, when the valve 31 is
open, it allows the offset to be removed, caused by over-
pressure that can form inside the hole 20 after the user
has applied the instrument.

[0050] Thanks to the pressure sensor 30, the device 1
makes it possible to acquire defined frequency bands,
but with reference to the cup-shaped element 2, by var-
ying the lower base 2a, there is a contact surface, which
allows the range of recordable frequencies to be modi-
fied.

[0051] Moreover, two optical sensors 21 are preferably
placed on the lower base 2a, for example of the type SFH
7060-OSRAM® or MAX30102 High-Sensitivity Pulse Ox-
imeter and Heart-Rate sensor - MAXIM, symmetrically
in relation to the main axis 1a.

[0052] These optical sensors 21 serve for pulsimetry,
oxymetry and glucosimetry (Yadav etal., Signal Process-
ing and Integrated Networks (SPIN), 2014 International
Conferenceon. IEEE, 2014) and make it possible to mon-
itor the coupling between the skin and the device.
[0053] Lastly, the cup-shaped element 2 preferably
comprises force sensors 22 placed, for example, on the
lateral surface 2c, in particular on at least one slot 20b.
[0054] The force sensors 22 are suitable for detecting,
for example, the respiration frequency, measuring the
change in tension on the slot caused by expansion of the
user’s body onto which the device 1 is applied.

[0055] Whereas, the control element 3 is also prefer-
ably fitted with electronic elements on its surface, in par-
ticular on the upper surface 3b: a micro-controller 32, an
IMU sensor 33, aconnection element 34 and a battery 35.
[0056] Inparticular,the body humidity and temperature
sensor 31 detects the user’s temperature in the area be-
low the cup-shaped element 2, obtaining data relating to
the humidity, again on this area.

[0057] The micro-controller 32 is a common electronic
element suitable for gathering and processing the meas-
urement signals coming from the sensors on the control
element 3.

[0058] The IMU 33 sensor, for example of the type
BOSCH® BNO 055, comprises a gyroscope, magnetom-
eter and accelerometer and is therefore suitable for cal-
culating the acceleration, angular speed, angular posi-
tion and ballistography.

[0059] The connection element 34 is, for example, a
module of the type Bluetooth®, but it may also be of an-
other type provided it guarantees the possibility to com-
municate with other external receiving devices 200 such
as, for example, a smartphone or a PC or other.

[0060] Finally, the battery 35 serves to supply the
whole device 1.

[0061] The aforesaid sensors can workindependently,
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performing the functions for which they are designed, or
they can work together in conjunction with the other sen-
SOrs.

[0062] For example, it is advantageously possible to
combine the pressure sensor 30 with the IMU sensor 33
obtaining low frequency vibration measurements char-
acterised by reduced uncertainty, making it possible to
reinforce the mechanomyographical analysis. Or it is
possible to combine the pressure sensor 30 data and
optical sensor 21 data, or the IMU sensor 33 data and
optical sensor 21 data to estimate blood pressure using
pulse transit time (Wang et al. Int Conf Signal Process
Proc. 2014 October; 2014: 115-118) or the pressure sen-
sor 30 and force sensor 34 to estimate the respiratory
rate.

[0063] The monitoring device 1 preferably also com-
prises a cover 4, for example made of a polymeric ma-
terial, comprising a plate with variable geometry, of which
at least one of the two surfaces is surmounted by a pe-
rimeter thickness 4c suitable for fully containing the con-
trol element 3 and suitable for being constrained, for ex-
ample by gluing, to the cup-shaped element 2.

[0064] Finally, the physiological monitoring device 1
can comprise, if necessary, the diaphragm 5, as stated
previously, on the surface of the base 2a.

[0065] Saiddiaphragm 5 can be of any shape and size
and is preferably suitable for interfacing with the skin sur-
face of the individual to be examined with damping effects
on the lower frequencies and amplification effects of the
higher frequencies.

[0066] The working of the physiological monitoring de-
vice 1, previously described in substantially structural
terms, is as follows.

[0067] Itis preferably in contact with the skin surface,
located above the muscular fascia concerned, and it is
constrained to the limb, for example, by applying a little
strap 100.

[0068] The physiological parameters of interest are
subsequently recorded by the device 1 and sent to a re-
ceiver, such as for example a smartphone 200, to monitor
the individual's physiological state, in real time, and in
particular its muscular activity.

[0069] The physiological monitoring device 1 accord-
ing to the invention offers important advantages.

[0070] It is possible to monitor and control a number
of physiological parameters simultaneously and syner-
gistically using just the device 1 and without having to
resort to complex operations to achieve said objectives.
[0071] The device 1 is also characterised by its out-
standing sensitivity and transportability, as well as by its
extensive versatility, which makes it simple and handy
to use and transport.

[0072] In detail, the pressure sensor 30, which is char-
acterised, as stated, by its surprisingly reduced bottom
scale, advantageously guarantees greater sensitivity as
it is able to record signals of considerably reduced inten-
sity and low frequency close to those defined by the
movement of the muscle fibres.
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[0073] It makes it possible to assess signals, for ex-
ample within 1.8 mmHg and advantageously within fre-
quencies ranging from 0 Hz to a few thousand, which are
considerably reduced compared to the prior art and in
particular to instruments like microphones, which use fre-
quency response with a significantly higher scale (20 Hz-
20 KHz).

[0074] In view of the above, the device 1 has a wide-
ranging functionality that allows it to be used in fields
such as sport and, equally important, health.

[0075] With particular reference to muscular fascia, the
adoption of the mechanomyographical technique, to-
gether with the acquisition by a cup-shaped element 2,
preferably a stethophone endoscope, with pressure sen-
sors 30, enables the device 1 to be used and with con-
siderable results, in terms of monitoring physiological ac-
tivity, also in individuals affected by Amyotrophic Lateral
Sclerosis, that is, having some compromised muscular
fascia.

[0076] Finally, a further advantage lies in the fact that
as the device 1 works in contact with the skin surface, it
is not necessary to use invasive instruments.

[0077] In conclusion, the physiological monitoring de-
vice 1 according to the invention synergistically manages
to combine elements aimed atimproving the functionality
and precision of the instrument.

[0078] Each sensor contributes favourably to increas-
ing the accuracy of the data acquired from the other sen-
sors and the same cup-shaped element 2 facilitates the
acquisition of the pressure sensor 30 via the cavity or
hole 20 inside it.

[0079] Moreover, the device 1 makes it possible to
achieve accurate analyses for example on users affected
by muscular dysfunctions without any logistic limitation,
the device 1 being extremely compact and easily adapted
to any position and configuration.

[0080] All of these advantageous characteristics are,
however, obtained from elements that are easy to find
and consequently the physiological monitoring device 1
does not present any complications on a technological
and financial level.

[0081] The invention is subject to variations that lie
within the scope of the inventive concept defined by the
claims.

[0082] Forexample, the cup-shaped element 2 can be
round or oval or any other shape respecting and preserv-
ing the functionalities and previously expressed advan-
tages.

[0083] Insaid context, all of the details can be replaced
by equivalent components and materials and they can
be any shape or size.

Claims
1. A physiological monitoring device (1) comprising:

- acup-shaped element (2) suitable for acquiring
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signals from a skin surface,

- a control element (3) suitable for communicat-
ing with said cup-shaped element (2),

- and characterised in that

- said cup-shaped element (2) is suitable for ac-
quiring signals comprising pressure pulsations,
- and in that

- said control element (3) comprises a pressure
sensor (30) suitable for detecting said signals
independently of the frequency and with fre-
quencies having a minimum detectable value
that is at least lower than 5 Hz.

The physiological monitoring device (1) according to
the previous claim, wherein said pressure sensor
(30) is suitable for detecting said signals with fre-
quencies having a null minimum value.

The physiological monitoring device (1) according to
at least one previous claim, wherein said pressure
sensor (30) comprises a bottom-scale of about =1.8
mmHg.

The physiological monitoring device (1) according to
claim 1, wherein said cup-shaped element (2) com-
prises a stethophone endoscope.

The physiological monitoring device (1) according to
one or more of the previous claims, wherein said
cup-shaped element (2) comprises at least one op-
tical sensor (21) and a force sensor (22).

The physiological monitoring device (1) according to
one or more of the previous claims, wherein said
pressure sensor (30) comprises the measurement
of body temperature and humidity.

The physiological monitoring device (1) according to
one or more of the previous claims, wherein said
control element (3) comprises at least:

- a bidirectional valve (31),

- a micro-controller (32),

- an IMU sensor (33),

- a connection element (34), and
- a battery (35).

The physiological monitoring device (1) according to
one or more of the previous claims, wherein said
connection element (34) consists of a module cho-
sen from a Bluetooth, Wi-Fi and wireless module
suitable for communication with external elements.

The physiological monitoring device (1) according to
claim 1, wherein said cup-shaped element (2) is con-
nected to at least one diaphragm (5).
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