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(57) Abrégé(suite)/Abstract(continued):

therebetween, wherein, the base portion comprises a flat engagement surface, for engagement with a body surface, and an
acoustic port through the flat engagement surface for acoustic communication from the body surface to an acoustic sensor
housed within the chamber, and, wherein, the acoustic port is located within a depression in or elongate channel through the fiat
engagement surface of the base portion such that the acoustic sensor is spaced apart from the body surface, in use.
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a sidewall and top wall; and a substantially planar base portion configured to interface with the hollow body portion thus forming a
chamber therebetween, wherein, the base portion comprises a flat engagement surface, for engagement with a body surface, and an
acoustic port through the flat engagement surface for acoustic communication from the body surface to an acoustic sensor housed within
the chamber, and, wherein, the acoustic port is located within a depression in or elongate channel through the fiat engagement surface
of the base portion such that the acoustic sensor is spaced apart from the body surface, in use.
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ENCLOSURE FOR A WEARABLE ACOUSTIC MONITORING DEVICE
FIELD
The present invention relates to an enclosure for a wearable acoustic monitoring device.
BACKGROUND

Wearable electronic devices, intended to be used for extended physiological signal monitoring,
are typically heavily constrained in terms of size and functionality. A wearable device has to be
small and light so that wearing it does not feel like a nuisance for the user. But making the device
small, whilst requiring long term operation imposes challenging constraints in terms of the choice
and distribution of electronic components. Among other factors, size, battery lifetime, electronic
bandwidth and noise are conflicting requirements, and all of them need to be considered
together to optimise design trade-offs. Ultimately, the overall volume of the device is going to be
dominated by the power source, and this is in turn going to condition the device’s shape and
volume. But in addition to this, wearable devices used to acquire signals that could be used for
medical diagnosis are further constrained by safety and regulatory requirements. These
requirements also condition how the system is designed, the choice and combination of
electronic components as well as how the wearable device is assembled.

The specific type of wearable device this invention relates to is a device intended to monitor
body sounds. Body sounds can be used among others to help to diagnose a large number of
diseases. Examples, include but are not limited to chronic respiratory diseases, such as Chronic
Obstructive Pulmonary Disease (CORD) and asthma.

Acquiring body sounds effectively, however, is very challenging from an engineering point of
view, and it becomes even more challenging when trying to do so with a very small device which
should operate continuously for a long period of time. The acoustic signals generated by the
different body organs are highly attenuated by the point they reach the body surface. In addition
to that, when trying to capture the signals of interest, they cannot be easily isolated from other
acoustic sources, resulting in interfering signals that are, in most cases, significantly stronger
than the signal of interest. Furthermore, after transduction, the signals can be corrupted by other
electrical signals (electronic noise as well as interference) and the local body region where the
device is going to be placed will be very different from person to person. Hence, for a wearable
acoustic monitor to deliver the best performance, it is of paramount importance to optimise the
acoustic transmission of the signal of interest, as well as to try to minimise the potential
transmission of acoustic and electrical interfering signals/noise. But all of this needs to be done
taking into account the constraints on design size, shape, duration of monitoring and usability in
general. Hence, a spatial distribution of components has to be chosen that takes all of this into
account. The enclosure plays a crucial role in optimising these trade-offs.

Manufacturers recommend that to optimise acoustic transmission, an “acoustic chamber” is
formed that only slightly exceeds the dimensions of the microphone acoustic port, and to design
the surroundings in an acoustically sealed manner to avoid acoustic leakage. A totally flat
enclosure with a hole at the location of the microphone, of similar dimensions to the latter would
seem like the obvious way to design it, if MEMS microphones manufacturers’ recommendations
were followed,
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and would also be beneficial in terms of size and usabilily. However, because of the
variety of characteristics of body tissues and lucal shapes, having a flal enclosurs
significantly altenusies the transmission of the acoustic signals in some subjacis A
nor-tatl area can aiso be a problem because i may diminish the effectiveness of the
means of altachmernt 1o the body.

The present inverntion seeks (o address the aforameantioned problems.

SUMMARY

A aspect of the invention provides an enclosure for a wearable acoustic monitoring
device, the enclosure comprising: 3 hollow body portion defined by a sidewall and
top wall, and a substantially planar base portion configured o interface with the
hollow body portion thus forming & cavity therebetween, wherein, the base poriion
comprises a flat engagement swface, for engagement with a hody surface, and an
acoustic port through the flat engagement surface, for acoustic commurnication from
the body surface {0 an acoustic sansor housed within the cavily, and, whearein, the
acousiic port s defined by & depression in the flal engagement surface of the base
portion such that the acoustic sensor is spaced apart from the body surfane, in use,

A proteciive enclosurs, which simultanecusly optimisss the acoustic, electrical and
usability characteristics, for an acoustic monitor s provided. The body portion of the
anclosure prevents direct contact belween the ussr and the main bulk of the
elecironics. An acoustic monitor will have one or several acoustic ransducers 1o
sense audio signals, such as MEMS microphones. The enclosure has 1o be created
in such a way that i optimises the acoustic signal ransmission from the body 1o at
lsast one of such microphones, whilal mirimising the very shorl range acoustic
noises, and stll providing the safely protection characteristios, particularly if the
monitor s intendsd 1o be used as g medical device. Hence, i is impuortart that air
ieakage gaps are avoided, not just in the space betwsen the body and the enclosure,
but alzo internial air leakages. s also imporiant o have a sufficient air gap between
the body and e sensar, teking inlo asccount differert skin and body shapes
characteristios.

The depraession in the flat engagement surface of the base portion may comprise s
recass having a perimeler or cicumference larger than the acouslic porl
Alternatively, the depression in the flat engagement surface of the hase porlion may
comprise an internally facing prosection having a channe! thersthrough. Alternatively,
the depression in the flal engagement surface of the base portion may comprise
wwardly projecting sidewslls configured 1o engage with a part of the body portion.
Bach of the above configuralions provides a good acoustic connection betwaen &
user's body and the acoustic monitoring circuitry located within the housing.

The body portion may comprise ong or more mternal support members projecting
radially from the fop of the body porlion andior one o more inlemal support
members projeciing vertically from the sidewall of the body portion The radial
intemal support members and vertical internal support members increasse ths
strength and rigidily of the body portion of the enclosure and also provide
mechanical constraints for one or more intsmal elecironic componenis.

The base porlion may comprise a plurality of internal support members projecting
rachially from a central hub, The radia] support mambears provide increase rasistancs
o comprassive forces applied axially to the enciosure and thus aid in protecting the
glectronic circuitry housed within the enclosure.
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The body portion may further comprise an internal key proiecling vertically from the
sidewall thereof and the base podion may further comprise a corresponding location
socketl cooparabie with the key of the body portion. This configuration allows for
gase of assembly of the enclosure by enabling a manufacluring operative (o easily
atign the body portion of the anciosure with the base portion. The key and socke!
also provide increased resistance o torsional force applied tn the enclosure.

The body portion and the base portion may nterface by way of & one-way snap i
interface that allows assembly only but which requires destruction of, or damage o,
the enclosure 10 separate the body portion and the base portion once the anclosure
s assambled

Ancther aspect of the invention provides an adhesive arlicle comprising g pad having
a first side coated with an adhesive and a second side coaled with an achesive, a
first removable ner covering the first side and a second removable liner covering the
sacond side, wherein each of the first and sscond removable liners comprize
respactive tabs that exiend beyond the pad and wherein the {abs are orientated
suich that they do not substaniially overlap.

The orientation of the tabs enables a user 10 sasily self apply the adhesive article o
the enclosure and then the enclosure (o the user. By avoiding overlap of the labs il is
sasy for the user {0 grasp the appropnats {8k (o ramove the first removable liner or
sacond removable liner without also grasping the other removable liner.

Ancther aspect of the invention provides transportation apparatus for & wearabis
acoustic monitoring device comprising & primary enclosure comprising a holiow
body portion defined by a sidewall and top wall, and 3 substantially planar base
portion configured 1o interface with the hollow body portion thus forming a cavily
therebetween, wherein, the base portion comprises a3 flal engagemeni surfges, for
sngagement with a body swface, and an acoustic oot through the flal engagement
surface, for acoustic communication from the body surface o an acoustic sensor
housed within the cavity, and, wherein, the acoustic port is defined by g depression
in the flal engagement surface of the base portion such that the acoustic sensor s
spaced apart from the body surface, In use; and a secondary enclosure comprising a
top part and & bottom part hingedly cormectsd, an insulating layer provided in sach
of the top and bottom parts of the secondary enclosurs and recesased 10 receaive &
portion of the primary enclosure,

Another aspect of the ivertion provides a weaarable acoustic monitoring device
COMPrising an enclosure comprising: hollow body portion defined by a sidewall and
top wall, and a substantially planar base portion configured o mierface with the
hollow body portion thus forming a cavity therehetween, wherein, the base portion
comprises a flal engagement surface, for engagement with 8 body swfacse, and an
acoustic port through the flat engagament surface, for acoustic commurication from
the body surface {0 an acoustic sensor housed within the cavily, and, wherein, the
acousiic port is defined by & depression in the flal engagement surface of the base
partion such that the acoustic sensor is spacad apart from the body swrface, in use;
ong o more acoustic ransducers within the enclosure and acoustically coupled {0
the communication means,; and a means of fastening the device 1o a user.
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FIGURES
in the figuras:
FIG. 1 is a parspective view of an embodiment of the mwvention shown from a side.

FIG, 2 is a perspective view of an embodiment of the invention shown from the
botiom.

FIG. 3 s a section view through the centre of an embodiment of the invention

FIG. 4 i3 a perapective view of a3 body enclosure of an embodimant of the invention
shown from the botlom.

FIG. 5 is a perspective view of 8 base enclosure of an embodiment of the invention
shown from the top.

Fi3. 8 is a perspactive view of 2 base enclosure of an embodimeant of the invantion
shown from the botiom.

FIG. 7 s an exploded visw of an embodimeant of the invention,

FiG. B8 is a section view through the centre of an enclosure from an embodiment of
the invention with a modified assembly method

FiG. 8 is a section view through the centre of an enclosure from an smbodiment of
the invention with & modified well in the bottom.

FIG. 10 s a section view through the centre of an enclosure from an embodiment of
the invention with a further modified well in the bottom.

FiG. 11 is & perspective view of a body enciosure of an embodiment of the invention
with increased strangth and rigedity, shown from the Doltom.

FiG. 12 i3 a perspechive view of a base enclosure of an embodiment of the invention
with increasad strength and rigidity, shown from the op.

FiG. 13 is a seclion view of the body encigsure, base enclosurs and infernal
glectronics of an embodiment of the invention with increased strength and rigidity.
FIG. 14 is 3 section view through the cantre of a base enclosure of an embodiment
of the invention with an optical port.

FIG. 15 i3 a sechion view through the cenire of g base erclosure of an embodiment
of the irnvention with an integratad switch mechanisrm,

FiG. 16 i3 a perspechive view of g hody enciosure of an embodiment of the invention
with rotation fixing mechanism shown from the botiom.

FiG. 17 is a perspective view of a base enciosure of an embodiment of the invention
with rotation fiking mechanism shown from tha top.

FIG. 18 is a section view through the centre of the body enclosure, base enclosura

and internal slectronics of an embodiment of the nvention with a sealing gaskst
betweaen the well and slectronic componenis.

FIG. 19 is a perspactive view of an embodiment of the invention with secondary
machanical insulation.

FIG. 20 is an exploded view of an adhesive pad of an embodiment of the invention.

FIG. 21 is an exploded view of an adhesive pad with intermal hold of an embodiment
of the invention.
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FiGa. 22 i3 a perspeciive view of an embodiment of the invention with additional fixing
poird and a strap.

DESCRIPTION

Embodiments of enclosures aceording to the present invention are lllustrated in the
figures.

A first embodiment of the invention 18 shown in general terms in Fig. 1. An enciosurs
100 comprises 3 body portion 104 and a base portion {(not shown in Fig. 1) The
body portion is defined by a non-vertical annular side wall 1071 nined 10 & planar o
aurface by a curved top edge 102, A charging/data transfer interface 103 iz provided
through the annuiar side wall 101, As shown in Fig 2, the base portion 105 fils within
the body portion 104 {o provide a planar bottom surface. A recess or deprassion 107
is provided within the base portion (o enable an accustic port 108 o be spaced apant
from a surface 1o be contacted. The base of the enclosure also has one or more
entry ports 106 for access to internal components (e.g. reset switches) without
having to disassemble the enclosure 100.

The body portion 104 and base portion 105 are attached together with an annular
snap-fit mechanism 114/117 that allows for easy assembly during manufacture but
limits accessibility to the internal components when in use or when dropped or
struck. The annular snap-fit geometry 114/117 and lack of graspable features on the
base portion 105 are created in such a way that engagement is possible with a
limited amount of force, however, disengagement requires the destruction of all or
part of the enclosure 100.

The snclosure 100 is designed 1o house the elecironic componerts 109 of a very
small accustic monitoring device., A typical device, as shown in oross section in
Fig.3, will be formed of one or more acoustic transducers, such as MEMS
microphones, associated slectronic chirouitry 108 and a power source 1100 In
gmbodiments provided withh mulliple acoustic transducers, some of the acoustic
transducars will aim to “capture” the acoustic signal of interest, whereas others will
aim {0 “capturs” acoustic interference. The afficiency of these processes will be
affecied by the specific localion of each ransducer (this will delerming the relative
position 0 the acoustic source of interest), the relative position of each acoustic
transducer with respect 1o one ancther Jor example the closer they are together the
mare Hikely the signal of intarest for that transducer is {0 be corruptad by signals from
other transducers), and the intermnal acoustic surroundings {different air gaps are
going o lsad (o differences in transmission of acoustic signals). In embodiments of
the invention, 2 hole facing the ransducer sensing port {(although several holes could
e apphed to a plurality of them) is present gt the boltom of the base portion 105 of
the enclosure. The hole will be of such dimension, that any internal active frack that
could viclate a safely constraint as per 80801-1 would not be an accessible parl. In
addition to this, the alfachment area i3 distributed belween an all-around altachment
area, and a holiow well, or recess, with typical height could be 2.5 mm. Note that the
shape of this holiow region does not nead t0 be circuiar. Surrounding the recess is a
flat ares configured o enable optimum altachment {0 8 user's body

The different scoustic transducers will be foliowed by conditioning circuitry 109
{mostly ampiifiers and filters, although there could also be algonithms implemented in
analog processing the signal), prior o ansiog-lo-digital conversion, 10 prepare tha
signal {raw or processed) for wireless iransmission. A microcontrolier {or eguivalent
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chipy will provide the control signals for different circuit blocks as well as the
trangrritier ohip. In addition 1o all of this, some perigheral cirouitry might be requirsd,
such as voltage ragulators 1o provide biasing signals, LEDs {0 provide battery status,
and charging and protection cirouitry, passive components for noise and interference
reduction as weall as to optimise transmission, an antanng, and a power source 110
{such as a rechargeable batltary).

The body portion 104, as shown in Fig. 4, has multiple ribs 113 extending
horizontally across the inside thereof. These ribs increase the strength and rigidity of
the enclosure and provide mechanical constraints for one or more of the internal
components. During assembly, electronic components such as batteries 110 are
constrained within the body enclosure with profiled sections 116 included in the
internal ribs. The body enclosure also includes several vertical struts 112 attached
to the inside walls which serve multiple purposes. Firstly, these struts 112 are to
support and constrain the internal circuitry 109 (printed circuit boards). Some of the
struts 112 constrain the circuitry 109 to correct horizontal plane within the enclosure
100 and some of the struts 112 constrain the rotation of the circuitry 109 within the
enclosure 100. This constraining of the circuitry 109 ensures that all components are
aligned correctly to perform their respective function, for example the alignment of
the programming or charging ports with the opening 103 in the enclosure 100.
Secondly, these struts 112 are to strengthen and stiffen the enclosure 100.
Importantly, the vertical geometry of these struts 112 minimises their mass and
volume so that the overall mass of the enclosure 100 is reduced while also avoiding
obstruction of the wireless communication any more than is necessary.

The base portion, as shown in Figs. 5 and 8, includes a wide flat interface area for
the attachment of adhesive pads (as shown in figures 20 and 21. The recess in the
base portion, can have angled or vertical side walls 121 and a flat or curved top
surface 122 that leads into a central hole 108 that interfaces with the electronic
componentry 109. The recess is part of the chamber, (when in contact with a
surface) and its dimensions are much larger than the dimensions of the acoustic port
of the acoustic transducer.

The interface between the recess and the internal electronic circuitry 108 may be
formed with a lip 119 that presses against the electronic circuitry, or other internal
components. The geometry and location of this lip 119 is designed in such a way
that it ensures a good acoustic transmission from the base portion to the sensing
circuitry 109. The geometry and location of this lip 119 also function as pre-
load/elastic clamping mechanism to constrain the position and orientations of the
internal components. An elastic or compressible shest material 111 can be included
between different components of the electronic assembly (o assist in clamping the
internal components and accommaodate for any small manufacturing variations in the
component’s geometries. This material can also function as a mechanical, slectrical
or thermal insulator.

As shown in Fig. 7, the internal componants including the internal circuitry 108 and
power sowrce 110, are pre-configured into a8 single unit for ease of nsertion into the
body portion 104 of the enclosure, Once the internal components are consirained in
the correct location by the vertical struts 112 and horizontal ribs 113, the base
portion 105 is snap fitted to the body portion 104

Ancther embodiment of the invention 18 shown in cross-section it Fig. 8. An
gnciosure 200 comprises a body portion 201 and a base portion 202 sscured
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together through surface bonding technigues such as ultrasonic welding or adhesive.
The base portion 202 includss an annular projection 204 extending perpendicudarty
from the contact surface of the bhase porbon 202 The annudar projection 204 is
configured {o sither sit inside the body portion 201 or around outside of the body
portion 207 {(Fig. 8 shows the annular projection 204 sitling inside the body portion
201} This configuration allows for the accurate alignment of the body and base
portions of the enclosure to ensure correct signal transmission and functionality, and
provides an increased surface area 203 for the surface bonding method to engage
with, thus providing strength and resisting separation of the body portion 201 and
base portion 202.

Ancther embodiment of the invention is shown in cross-section in Fig. 9 An
enclosure 300 comprises a body portion 301 and a8 base portion 302 secured
together either through 2 snap-fit nterface or surface bonding technigues. The hase
portion 302 includes & subslantially planar surface and an elongsate inward
depression having & channel 303 therethrough. The channel 303 has sither
substantially straight or angled sidewalls configured to direct air pressure from an
acousiic svert directly inte the acoustic sensing circuitry 304, This embodiment
maximises the acoustic transmission efficiency from the user to the internal sensing
electronics 304.

Arother embodiment of the mvention s shown in oress-section i Figo 10, An
anclosure 400 comprises a body portion 401 and a base portion 402 secured
together either through a snap-fit mterface or surface bonding techniques. The base
portion 402 includes a recess with angled sidewalls 404 that defines a large opening
configurad to interface direcily with the acoustic sensing circuitny 403, This
embodiment provides a space efficient stepped profile for the depression by
combining with the bottom surface of the internal electronic circuit board 403. The
side walls 404 of the depression are part of the base portion 402, and press against
the electronic circuit board 403 at a larger diameter than in embodiment 100. The
depression formed by the combination of the base portion 402 and the internal
electronic circuit board 403 can have the same air volume characteristics as in
embodiment 100, with a reduced vertical dimension, i.e less than 2.5mm.

Another embodiment of the invention is shown in Figs. 11, 12 and 13. An enclosure
500 has several features to enhance strength and allow the enclosure 500 to
withstand greater impact and crushing. This embodiment has an increased number
and depth of ribs 502 inside the body portion 501, compared to embodiment 100,
and has the addition of radial ribs 507 in the base portion 506. Additionally, this
embodiment has a stepped lip 504 on the inside of the body portion 501 to constrain
the internal electronic circuitry. This stepped lip 504 provides for a significantly
increased contact area with the circuitry and therefore greater constraining. The
base portion 506 in this embodiment has an increased sized outer insert that
presses against the base of the internal electronic circuitry. Combining the increased
sized outer insert of the base portion 506 with the stepped lip 504 on the inside of
the body portion 501 creates a mechanical reinforcement that distributes impact and
crush loads all the way through the enclosure 500. This embodiment also includes
increased sized support struts 502, as compared to embodiment 100, in the body
portion 501 to provide a greater resistance to crushing loads. Embodiment 500
includes a greater strength annular snap-fit design to ensure that the components do
not separate during loading. This snap-fit is provided by an annular groove 508 in the
base portion and an annular protrusion 505 in sidewall of the body portion 501 to
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avoid any thin wall sections in the externally exposed body portion 501. Additionally,
the snap-fit protrusion 505 has an asymmetric hooked profile that requires
significantly more force to disassemble than assembile.

Another embodiment of the invention is shown in Fig. 14. An enclosure 600 includes
a base portion 601 that has a covered port 602 to allow light transmission from
internal components to the bottom surface of the base portion 601 while maintaining
a level of ingress protection. The covered port 602 is created by the combination of a
transmissive optical device (e.g. lens) 603, a corresponding hole through the
enclosure base and a method of retaining the optical device within the enclosure
600. The method of retaining the optical device could include adhesive, retaining
clips, retaining tabs, and a snap-fit mechanism or by alignment of the optical device
with other internal components such that it is constrained within the enclosure. This
design can be configured so that the bottom surface of the transmissive optic 603 is
flush with the bottom surface of the enclosure base to ensure correct adhesion and
minimise any corruption to certain optical signals. The acoustic montor may have
ndicator lights that indicate varicus terns, such as power, communication or other
status lems. The enclosure 800 might be designed with 8 maisrial and thickness
that without modification allows for the light 1o pass through, o the material rmight be
thinned oul in regions in which there is no violation of insulator strength for safely
reasens, 1o faciiitate the Hght transmission from the sowrce, or a differend
franstucent/transparent material might be used, as a separate part that could be
assembled during fabrication. This "Hght optimisation areg” {oplical window) will
generally be located either on the bollom area, or on the sides of the enclosure.
Their specific location will depend on the existing internal air gaps, providing a lght
paih from the light source [0 the enclosure 800, as well as on the distance from
differant current tracks {o the specific ocation in the enclosure B0,

Another embodiment of the invention is shown in Fig. 15. An enclosure 700 includes
a base portion 701 that has an incorporated button or switch 702 for user interfacing
with internal electronic componentry while maintaining a level of ingress protection.
The button or switch 702 is located into a hole in the base portion 701. The button
702 can be retained with a clip or similar mechanism 703 and can be fitted with a
spring, other tensioning mechanism or sealing mechanism around its diameter. The
button body is free to move vertically with a prescribed range and can be sprung
loaded to return to the bottom position. The interfacing point 705 can be shaped in
any required way so that, when a user pushes the body upwards, it will interface with
and engage the internal electronic circuitry, as required. This action could also be
formed with a contactless switch by fitting inductive or similar components to the
internal surface of the base portion 701.

Another embodiment of the invention is shown in Figs. 16 and 17. An enclosure 800
comprises a keying mechanism that aids in assembly and manufacture, and ensures
that all ports on the enclosure base are accurately aligned with respective
receptacles, components or sensors in the internal electronic system, whilst also
allowing for enclosure mass production by moulding and maintaining water ingress
protection. The keying mechanism of the body portion 801 is created with one or
more extended struts 802 that run from the top of the body portion 801 to a small
distance from the bottom of the body portion 801. The base portion 803 has a
corresponding number of U-shaped cut-outs 804 on the top of it, at the edge and at a
precisely defined angle. During assembly, the U-shaped cut-outs 804 on the base
portion 803 engage with the extended struts 802 on the body portion 801,
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constraining the rotation of the base portion 803 relative to the body portion 801,
thus aligning all ports as required.

Another embodiment of the invention is shown in Fig. 18. An enclosure 900 includes
a body portion 901 and a base portion 902. The base portion 902 incorporates a
recess in a raised lip 903 that interfaces with the electronic circuit board to allow the
inclusion, constraining and effective operation of a sealing gasket or O-ring 904
between them. This arrangement minimises the possibility of pressure or air loss
from the internal volume of the enclosure, thus maximising the transmission of
acoustic signals from the user to the electronic sensing components.

Distributing all these componenis spatially for optimum performance is not a trivial
task becausse of the complex sel of differert slectrical, physical usabilily and
physiciogical trade-offs thal have W0 be laken simultaneously info account. For
gxample, the type of application for which a moniior of this kind would be most
beneficial would be ong requiring long term continuous maonitoring. The uninterrupted
duration of monitoring is however limiled because of the durgtion of the power
source. But, if choosing a battery, the duration of the power sourcs depends both of
the chemistry of the battery, the nature of the call (primary or sacondary), and iis
volume., The nalure of the cell will have important usability implications, since
sacondary cells have less capacity {energy per unit of volume) but they, howsaver,
allow for the system {o be recharged. The volums will affect the size of the system,
as well as its weight. The resuit of ali of this is that the battery will be the domingting
component in the volume of the system. However, in most case scengrios, the shape
of the batteries is fixed {customisation might bs possible but this resulls on a
significant manufacturing cost), and hence this is going o severely limit the spatial
distribution of other components. But there are components that also have their own
spatial requirements. The anfenna is an axampls of those. Depending on the
arntenna choice a frade-off has o be found taking ito account the surface area
oocupied by i the gain, and the space arcund it that needs o be left component-
free. But in addition 1o that, because of the size of the system, the distribution of
components is always going to have an effect in the transmission that needs to be
accountad for. In addition 1o all of this, the positioning of the tfransducers is going o
heavily influance their effective signal to noise ratio (i, this would be understood g5
the ratic between the larger signal they can detect and the noise floor, considering
that this noise flogr would also account in certain instances for interference
introduced by other acoustic signals). The design of the enclosure plays a very
important role on getting these trade-offs right. The enclosure can significantly affect
the transmission of the different acoustic signals (both, body signals of interest as
well as artefact that need o be sensed so that they can be later elimmated), can “fod
the spatial location of certain componants (such as batteries) in an optimum way
withoul having 1o rely on special intermnal connectars which wouid compromise other
component's  spatial | distribution, can eliminale the nesd  of  cerlain
battervicommunications or other indicators, can facilitate resetting {or changing the
stafus) of the system; can sliminate the need of certain means of user protection
which would mpact on soms important system trade-offs; can protect the systam,
can fooilitale safe batlery charging and can sliminate the need of cumbersome
means of user altachment.

Each psrt of the enclosurg may be fabricated from medical grade soryionitrile
butadiene styrene (ABS) with a thickness of 1 mm. But those skilled in the art may
use other types of materials without devigting from the present invention. A polished
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finished for the senclosure would be desirable, both for aesthetic as well as
pgrformance factor. A rugged surface finish will gengrats stronger acoustic artefacts,
leading to more signal corruption. However, a polished finish also leads 1o higher
production costs.

Although, with appropriate means of body attachment the acoustic transmission of
hody sounds will be optimized, out of the body sounds can alsg be picked up by the
tranaducer. Because of s, an array (one or several) microphonas might be
arranged in the printed circuit board 1o sense those environmental noises, in order (o
facilitate processing and slimination. The sensing purt of those transducers will
generally be facing the other side of the PCB. so that they will not pick up body
signals, whilst picking up noise. The enclosure might be designed 1o guarantee an
air gap betwesn those ports and the surface, (o faciitate signal ransmission.

The enclosure may have internal reinforcemsents in order 1o minimise the probability
of breaking info more than one piecs in the situation of 3 strong impact, which would
altow accass io electrical parts compromising safety. This internal reinforcement can
simullansously be used to quide the assembly and fix some components position (o
mirpmise hazards cause by vibrations, whilst alse guarantassing the air gaps
mentioned above. An axampie of such is shown in embodiment 504,

The enclosure may be custom coloured and could include any number or
combination of logos, labels or graphical designs. The logos, labels or designs could
be included into the enclosure by the adhesion or attachment of any other material,
such as paint or vinyl, or by the contouring of the enclosure’s surface itself, such as
embossing or engraving.

Another embodiment of the nvention s shown in Fig. 18 A secondary anclosure
1100 enables an encicsure as described in relgtion to Figs. 11018 {referred (o inthis
paragraph a8 a primary enciosurg) 1o be stored and transporied in such a way that it
has a significantly increased resistance o mechanical loading, impact and vibration,
The secondary senclosure is formed from an impadt resistant ouler shell 1101,
manufactured from a material such as ABS, and a mechanical insulating layer 1102,
manufactured from a matenal such as low-density foam . A recess 1103 is included in
both halves of the mechanical insulating layer 1o aliow the primary enclosuwre 1104
sit securely. The ouler shall can be formed from 8 hingsd design 1105 with a
securing mechanism 1106 to keep the two parts of the secondary enclosure {ogether
and sscure the primary enclosurs in place. Additionally, secondary holes 1107 can
be placed in the side of the secondary encliosure to allow the application of cables or
other connectors o the ports on the primary enclosure. This could be used for, for
gxample, charging device batleries while the primary enciosure I8 inside ths
protactive secondary enclosure.

The enciosurs must aiso have adequate characieristics so that it can ba properly
attached o a person's body without modifying the acoustic characteristics, and
mirdmising the risk of de-giachment. Allachment can be achieved by atlaching an
adhasivae {ape to the bottom of the base portion of the anclosure {(when the liner is
removad, the adhesive part can be put in contact with & person’s body). By doing #
this way, the adhesive can serve a multipie role keeping the encloswre in place and
waterproofing/ dust-procfing the microphone hole, In order o allow multiple uses
(and users) the adhasive part of the enclosure must be exchangeable. There are 3
numbear of ways of achiaving this, but one that s found o be very effective s {o hava
a double taped adhesive with two tabs, as shown in Fig. 20, The absence of tabs

10
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makes i very hard for users o centre the enclosure, due to the very small size of i
and remove the liners. Howsver, this 15 an important requirgment, dus o the veary
small contact arga lefl a3 a consequence of the well created in the cenire of tha
gnciosure, o avoid the aslienuation of the signal caused maostly by loose skin or
tisaue in peopis with larger nacks,

The user would change the adhasive by using a two-sided adhesive pad with iingrs
designad for usability of attachment o the enclosurs and altachment o the user
Embodiment 1200 of the adhesive and liners i3 shown in Fig. 200 The liners
120471203 arg designed with easy manipulation tabs 1204 hat protruds o past the
adhesive tape 1202 that are placed at an angle 1o each other {e.¢. 50 degress) and
aach arg made from materizgls that have a different release strength (o the other o
allow for control aver which lingr will be removead first, 530 that cearer insrugtions can
be given to the user. The angle of the iabs on the Hiner is important for ensuring easy
peeling by the user. Once the first liner has been removed, the device can be placed
accurately on iop of the adhasive tape. After this, the uaer can remove the second
iner by pulling on the remaining (&b and attaching the enclosure o themselves, After
use, ihe adhesive taps can ke sither slighily larger in size than the enclosure or have
an exira tab to alow easy manipulation of the adhesive taps by the user and remaoval
from the enclosure,

Another embodiment of the adhesive 1300 as shown in Fig. 21 has a central hole
1305 on the adhesive tape 1o improve the acoustic transmiszion into the hollow weall
i1 the base enclosure.

Becauss this s infended for vary small moniloring systams, in the specific case of
pagdiatric application, the system itself can constifule a suffocation hazard
attachad only with the adhesive/swrface ghue or alternative method, in which g child
could fake it off and put i in their mouth. In this case, a strapping mechsanism, a5
showr i Fig. 22, may be added o the enclosure reduce the hazard. The enclosure
1400 has additional mounting points 1402 on either side of the body portion 1401 for
the permanent attachment of a restraining strap 1403. This strap allows for additional
security of the attachment of the enclosure to the body of a user and minimises the
risk of a child removing the enclosure and inserting the enclosure into its mouth. The
strap can be made of any material that will comfortably enclose the body of the user
1405 and can be attached with the use of a clip, hook-and-loop fasteners or any
other form of strap fastener 1404.

Embodiments of the invention are described by way of example only and are not
irtended o limit the clgims in any way.

11
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CLAIMS

1. An enclosurs for a wearable acoustic mormtoring device, the enclosurs
COMPrising:

a hollow body portion defined by a sidewall and top wall, and

a substantially planar base portion configurad {0 interface with the haoliow
body portion thus forming a cavity therebealwesn,

wherein, the base portion comprises a fiat engagement surface, for
engagement with a body surface, and an gcoustic port through the flat
engagement surface, for acoustic commurication from the body surface 1o an
acoustic sensar housed within the cawity, and,

wherein, the acoustic port 1s located within s depression in, or elongats
channel through, the flat engagement surface of the base portion such that
the acoustic sensor s spaced apart from the body surface, in use.

2. An enclosure acoording to claim 1, wherein the depression in the flat
engagement surface of the base portion comprises 2 recess having a
parimeter or circumference larger than the acoustic port.

o

An enclosure according to claim 1, wherain the channel through the base
gortion comprises an internally facing projection having a channst
therethrough.

4. An enciosure according 1o claim 1, wherein the depression in the figt
engagement surface of the base portion comprises mwardly projecting
sidewalls configured to engage with a part of the body portion,

o

A enclosure according (o any of claims 110 4, wharein the base portion
comprises a mounting projaction extending therefrom and the body portion
comprises an intermnal mounting groove co-operable with the mourting
proiection.

6. Anenciosure acoording 1o any praceding claim, wherein the body portion
cComprises one or more intemal suppaort members projecting radially from the
top of the body portion and/or one or more intemal support members
proiecting vertically from the sidewall of the body portion.

3

A enciosure according {0 any preceding claim, wherein the bass portion
cormnprises a plurality of internal support members projecting radially from a
certral hub.

& An enclosure according to any preceding claim, wherain the body portion
further comprises an internal Key projecting vertically from the sidewall thereof
and the base portion further comprisas a lncation sacket cooperable with the
key of the body portion.

12
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9. An enclosure according 1o any preceding claim, wherein the body portion and
the base portion interface by way of g ons-way snap it interface that allows
assembly only but which requires destruction of, or damage o, the enclosurs
to separate the body portion and the base portion once the enclosure is
assemblad.

10 An adhssive article comprising a planar pad having a first side coated with an
adhesive and a second side coated with an adhesive, a first removable liner
covering the first side and a second removabie lingr covering the second sidg,
wheremn each of the first and second removable lingrs comprise a tab that
axtends bevond the pad, and wherein the tabs are orientated such that they
do not substantially overiap.

11, An adhesive article according 1o claim 10, wherein the tab of the first
rernovabie lingr is angularly positionad at ningty degresas from the {ab of the
second removabie liner,

12.An adhssive article gecording o claim 10 or olaim 11, wherain the pad
comprises a cut-out therein,

132 An adhesive articls according o any of claims 1010 12, wherain the adhesive
covering the first side of the pad has a different adhesive strangth 1o the
adhesive covering the sscond side of the pad.

14, An adhesive article according o any of claims 10 1o 13, wherein the first
renovable lingr has g greater releass sirength than the second removable
liner.

15 An adhasive article according 16 any of claims 1016 14, whersin the pad
further comprises a non-adhesive portion that extends bevond the adhesive
coatings apphed {0 the first and second side thersof

16 Transportation apparatus for a wearable acoustic monitoring device
COMPrsing

& primary encicsure comprising. 8 holiow pody portion defined by a sidewall
and fop wall, and a substantially planar base portion configured o interface
with the hollow body portion thus forming a chamber therebetwegen, wherain,
the base portion comprises a fial engagement surface, for engagemsnt with 2
body surface, and an acoustic port through the flat engagement surface for
acoustic communication from the body surface to an acoustic sensor housed
within the chamber, and, wherain, the acoustic port is located i 8 deprassion
in, or elongate channei through, the fat engagement surface of the base
oortion such hat the acoustic sensor s spaced apart from the body surface,
N use.; and

& secondary enciosure COMprising a top part and a bottom part hingsdly
connected, an insulating layer providad in each of the fop and bottam parts of
the secondary enclosure and recessed to receive a portion of the primary
enclosurs,

13
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17, A wearable accustic monttoring device comprising:

An enclosure comprising: a hollow body portion defined by a sidewall and top
wall, and a3 substantially planar base portion configured to interface with the
hollow body portion thus forming a chamber therebetween, wherein, the base
porhion comprises a flal engagement surface, for engagement with a body
surface, and an acoustic port through the flat engagement surface, for
acoustic communication from the body swrface o an acoustic sensor housead
within the chamber, and, wherein, the acoustic port is located in a depression
i, or elongate channal through, the figt engagement suwrface of the base
portion such that the acoustic sensor is spaced apart from the body surface,
in use;

ane of more acoustic ransducers within the enclosure and acoustically
coupled to the acoustic port;, and

a maans of fastening the device 1o a user.

18 A wearable acoustic monitoring device according 1o claim 17, wherein the
means of fastening the device to a user comprises an adhesive article
according to any of claims 1010 15,

18 A waarable acoustic monitoring device according to claim 17 or 18,
comprising at lesst two acoustic transducers housed within an enclosurg,
wharein one acoustic ransducer is configured 1o identify and record & targst
acoustic signal and one acoustic transducer is configured o identify and
record background acoustic signals.

20. A wearable acoustic monitoring device according to ciaim 18 further

comprising a processor for removing background acoustic signais and
isolating the target acoustic signal.

14



CA 03097900 2020-10-19

WO 2019/224519 PCT/GB2019/051306
1722
100
102 104 e
— \ . i
™, i /
\ e s
\.\\W A </——\ _
[~~~

101~ AN 103

\‘w»#-*[ \“"‘Mw e,

Figure 1



CA 03097900 2020-10-19

WO 2019/224519 PCT/GB2019/051306

2 {22

///
101 7
AN P
N\ -
\ -
A P
5 /""f _____,._.«.w_.,_.\\ N
Y e
W e
) s

107"

Figure 2



WO 2019/224519

CA 03097900 2020-10-19

3122

104

w\\w ‘s&& x f‘ x“{ L ‘
\, \ ‘s‘ * w\“\ 4,%.‘7\ S

R
\\R ,\ N %ﬁ‘“&%\‘? ‘N %

Figure 3

PCT/GB2019/051306



CA 03097900 2020-10-19

WO 2019/224519 PCT/GB2019/051306

4 {22

Figure 4



CA 03097900 2020-10-19

WO 2019/224519 PCT/GB2019/051306

5 /22

Figure 5



CA 03097900 2020-10-19

WO 2019/224519 PCT/GB2019/051306

8 /22

Figure 6



CA 03097900 2020-10-19

WO 2019/224519 PCT/GB2019/051306

7122

Figure 7



CA 03097900 2020-10-19

WO 2019/224519 PCT/GB2019/051306

8 /22

Figure 8



CA 03097900 2020-10-19

WO 2019/224519 PCT/GB2019/051306

g /22

Figure ©



CA 03097900 2020-10-19

WO 2019/224519 PCT/GB2019/051306

10 /22

Figure 10



CA 03097900 2020-10-19

WO 2019/224519 PCT/GB2019/051306

11722

Figure 11



CA 03097900 2020-10-19

PCT/GB2019/051306

WO 2019/224519

12 /22

Figure 12



CA 03097900 2020-10-19

WO 2019/224519 PCT/GB2019/051306

13 /22

507

Figure 13



CA 03097900 2020-10-19

WO 2019/224519 PCT/GB2019/051306

14 /22

&\&\ N

Figure 14



CA 03097900 2020-10-19

WO 2019/224519 PCT/GB2019/051306

15 /22

Figure 15



CA 03097900 2020-10-19

PCT/GB2019/051306

WO 2019/224519

16 /22

Figure 16



CA 03097900 2020-10-19

PCT/GB2019/051306

WO 2019/224519

17 122

803

804

Figure 17



CA 03097900 2020-10-19

WO 2019/224519 PCT/GB2019/051306

18 /22

e D &

Figure 18



CA 03097900 2020-10-19

PCT/GB2019/051306

WO 2019/224519

19 /22

3:.::.::1 102

A
/1

1105

Figure 19



CA 03097900 2020-10-19

WO 2019/224519 PCT/GB2019/051306
20 /22
1201 T
\'\
'_ﬂ_,;/
/"f»“mhm‘“\\t
12027 )
\\;—#f//
T %ﬂ\\\}
- ( \
1203 \t 1204
:>;/.f,' .-\\ \“H e "/
N

Figure 20



CA 03097900 2020-10-19

WO 2019/224519 PCT/GB2019/051306

21 122

1 3 0 1"’"""‘*\._4 ]

ne

S b \\ !

o

et
1

| // N )
)
P

N nemrrnnd i
v

-

)

~

et
Ll
[
bt
1
/
R
™,
et
(5%
o
P

Figure 21



CA 03097900 2020-10-19

WO 2019/224519 PCT/GB2019/051306

22 122

Figure 22



109

Figure 3



	Page 1 - COVER_PAGE
	Page 2 - COVER_PAGE
	Page 3 - ABSTRACT
	Page 4 - ABSTRACT
	Page 5 - DESCRIPTION
	Page 6 - DESCRIPTION
	Page 7 - DESCRIPTION
	Page 8 - DESCRIPTION
	Page 9 - DESCRIPTION
	Page 10 - DESCRIPTION
	Page 11 - DESCRIPTION
	Page 12 - DESCRIPTION
	Page 13 - DESCRIPTION
	Page 14 - DESCRIPTION
	Page 15 - DESCRIPTION
	Page 16 - CLAIMS
	Page 17 - CLAIMS
	Page 18 - CLAIMS
	Page 19 - DRAWINGS
	Page 20 - DRAWINGS
	Page 21 - DRAWINGS
	Page 22 - DRAWINGS
	Page 23 - DRAWINGS
	Page 24 - DRAWINGS
	Page 25 - DRAWINGS
	Page 26 - DRAWINGS
	Page 27 - DRAWINGS
	Page 28 - DRAWINGS
	Page 29 - DRAWINGS
	Page 30 - DRAWINGS
	Page 31 - DRAWINGS
	Page 32 - DRAWINGS
	Page 33 - DRAWINGS
	Page 34 - DRAWINGS
	Page 35 - DRAWINGS
	Page 36 - DRAWINGS
	Page 37 - DRAWINGS
	Page 38 - DRAWINGS
	Page 39 - DRAWINGS
	Page 40 - DRAWINGS
	Page 41 - REPRESENTATIVE_DRAWING

