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Description
FIELD OF THE INVENTION

[0001] The present invention relates to an ultrasound
apparatus for medical examination of a subject. The
present invention further relates to a method for medical
examination of a subject.

BACKGROUND OF THE INVENTION

[0002] In the field of medical examination systems, ul-
trasound is a well-known and reliable technique for med-
ical diagnostics, in particular to monitor hemodynamic or
pulmonary parameters or to provide medical images of
the patient.

[0003] For continuous monitoring of the patient, it is
further known to attach one or a plurality of separate ul-
trasound transducers to the skin of the patient in order
to determine measurement data in a non-invasive and
non-obstructive way over a long-time frame continuously
or frequently. A corresponding ultrasound apparatus for
assessing the lung is e.g. known from US 5,485,841.
[0004] US 2013/0079641 A1, on which the preamble
of claims 1, 13 and 15 is based, discloses a garment
configured to be affixed to a portion of a living body, and
atleast one ultrasound transducer having a fixed position
on the garment and configured to provide at least one of:
produce and receive, ultrasound signals that pass
through the living body.

[0005] A disadvantage of the known ultrasound mon-
itoring systems is that the different transducers are com-
plicated to wear and complicated to apply to the body. A
further disadvantage is that the relative position of the
ultrasound transducers is variable and the field of view
of the transducers may be obstructed by an anatomical
feature of the patient to be monitored.

SUMMARY OF THE INVENTION

[0006] It is therefore an object of the invention to pro-
vide an improved ultrasound apparatus for medical ex-
amination of a subject which is less complicated to wear
and less complicated to apply and provides more reliable
measurement data. It is further an object of the present
invention to provide a corresponding improved method
for medical examination of a subject.

[0007] According to one aspect of the present inven-
tion, an ultrasound apparatus for medical examination of
a subject is provided comprising:

a plurality of ultrasound transducers for emitting and
receiving ultrasound waves and for providing differ-
ent ultrasound signals on the basis of the ultrasound
waves,

a flexible and / or stretchable connection layer at-
tachable to the subject, wherein the ultrasound trans-
ducers are coupled to the connection layer, and
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a processing unit coupleable to the ultrasound trans-
ducers for receiving the ultrasound signals and for
determining at least one parameter on the basis of
the ultrasound signals derived from the ultrasound
waves backscattered from an anatomical feature of
the subject, wherein the at least one parameter is
indicative of a position of the ultrasound transducers
with respect to an anatomical feature of the subject
and/or indicative of a medical condition of the subject
wherein the processing unit is adapted to determine
atleastone parameterindicative of arelative position
of the ultrasound transducers to each other and / or
a shape of the connection layer,

wherein the ultrasound transducers (16) are adapted
for inducing and measuring surface acoustic waves
transmitted through the connection layer (18) or a
layer attached to the connection layer (18), and
wherein the the processing unit is adapted for deter-
mining a distance between the ultrasound transduc-
ers and/or the shape of the connection layer on the
basis of the surface acoustic waves transmitted
through the connection layer or a layer attached to
the connection layer.

[0008] According to another aspect of the present in-
vention a method for medical examination of a subject is
provided comprising the steps of:

emitting and receiving ultrasound waves by means
of a plurality of ultrasound transducers attachable
(or attached) via a flexible and / or stretchable con-
nection layer to the subject and providing a plurality
of different ultrasound signals on the basis of the
ultrasound waves received by the plurality of ultra-
sound transducers,

determining at least one parameter on the basis of
the ultrasound signals received by the ultrasound
transducers, said signals derived from the ultra-
sound waves backscattered from an anatomical fea-
ture of the subject, wherein the at least one param-
eter is indicative of a position of the ultrasound trans-
ducers with respect to an anatomical feature of the
subject and / or indicative of a medical condition of
the subject

determining at least one parameter indicative of a
relative position of the ultrasound transducers to
each other and / or a shape of the connection layer,
and

determining a distance between the ultrasound
transducers on the basis of the ultrasound waves
received by the ultrasound transducers and/or de-
termining the shape of the connection layer on the
basis of the ultrasound waves received by the ultra-
sound transducers which are surface acoustic
waves transmitted through the connection layer or a
layer attached to the connection layer.

[0009] According to another aspect of the present in-
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vention a computer program product for medical exam-
ination of a subject is provided, the computer program
product comprising computer-readable program code
downloadable from a communications network, or stor-
able on, or stored on a computer-readable storage me-
dium, which computer-readable program code, whenrun
on a computer causes the computer to perform the fol-
lowing a steps:

controlling a plurality of ultrasound transducers, for
emitting and receiving ultrasound waves, attachable
(or attached) via a flexible and / or stretchable con-
nection layer to the subject and providing a plurality
of different ultrasound signals on the basis of the
ultrasound waves received by the plurality of ultra-
sound transducers,

determining at least one parameter on the basis of
the ultrasound signals received by the ultrasound
transducers, wherein the at least one parameter is
indicative of a position of the ultrasound transducers
with respect to an anatomical feature of the subject
and / or indicative of a medical condition of the sub-
ject

determining at least one parameter indicative of a
relative position of the ultrasound transducers to
each other and / or a shape of the connection layer,
and

determining a distance between the ultrasound
transducers on the basis of the ultrasound waves
received by the ultrasound transducers and/or de-
termining the shape of the connection layer on the
basis of the ultrasound waves received by the ultra-
sound transducers which are surface acoustic
waves transmitted through the connection layer or a
layer attached to the connection layer.

[0010] The computer program product can be suitable
to work with a server device and client device including
system. Part of the steps can be performed on the server
device while the other or another part of the steps is per-
formed on the client device. The server and client device
can be remote from each other and connected through
wired or wireless communication as known in the art.
Alternatively, all steps are performed on a server device
or on a client device.

[0011] Inanembodiment,acomputersystemordevice
may be provided which comprises: a computer program
product according to an embodiment of the present in-
vention; and one or more processors adapted to perform
a method according to an embodiment by execution of
the computer-readable program code of said computer
program product. The system or device can comprise a
client device and server device, or either one of the two
for execution of the method steps. The server and client
device can have communication devices for communi-
cating with each other using wired or wireless communi-
cation protocols.

[0012] The computer program product can have code
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for communicating results of any of the method steps to
a user. Such code can include code for generating im-
agery, video and/or audio output. The system, client
and/or server device can include a display and/or audio
output devices (such as speakers) for generating the out-
put.

[0013] The monitoring apparatus can in particular be
used for monitoring the lung, the heart, the aorta, the
carotid artery, the jugular vein, the brachial artery, and
the femoral artery of the subject by means of the plurality
of ultrasound transducers, which can be applied to the
chest, the neck, the arm or the leg of the subject, respec-
tively.

[0014] Preferred embodiments of the invention are de-
fined in the dependent claims. It shall be understood that
the claimed method has similar and/or identical preferred
embodiments as the claimed device and as defined in
the dependent claims.

[0015] The present invention is based on the idea to
attach a plurality of ultrasound transducers by means of
a connection or a contact layer to the subject to be ex-
amined in order to perform a non-invasive and non-ob-
structive continuous measurement, wherein the ultra-
sound transducers can be easily applied to the subject.
Since the connection of the ultrasound transducers and
the relative position of the ultrasound transducers to each
other at the body of the subject can be varied individually
and the field of view may be obstructed, the position of
the ultrasound transducers with respect to the anatomical
feature of the subject is determined on the basis of the
ultrasound signals derived from the received ultrasound
waves. Hence, an indication of an appropriate or inap-
propriate position of one or more of the ultrasound trans-
ducers can be provided to the user so that a more precise
and more reliable monitoring and evaluation of the ultra-
sound data can be achieved.

[0016] The flexible and / or stretchable connection lay-
er is preferably formed of a flexible and / or stretchable
material. This is a possibility to individually connect the
transducers to the subject with a high degree of freedom.
[0017] Inanembodiment, the processing unitis adapt-
ed to provide an indication of the position of the ultra-
sound transducers with respect to an anatomical feature
of the subject to a user. This is a possibility to provide a
feedback of the quality of the position of the ultrasound
transducers so that an obstruction of the ultrasound
transducers can be avoided.

[0018] In a further embodiment, the position of the ul-
trasound transducers with respect to the anatomical fea-
ture is determined on the basis of at least one of A-line
detection, amplitude and/or intensity detection or Dop-
pler signal detection. This is a possibility to precisely de-
tect anatomical features of the subject with low technical
effort. This is in particular a possibility to determine ob-
structing anatomical features of the subject e.g. to deter-
mine a rib which can obstruct lung monitoring.

[0019] In a further embodiment, the processing unit is
adapted to determine the at least one parameter indica-
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tive of the medical condition of the subject on the basis
of B-line detection. This is a possibility to determine the
medical condition of the subject precisely with low tech-
nical effort, wherein the B-line detection is can be utilized
for detecting lung diseases like pulmonary edema or can
be utilized for detecting diseases of the heart, the aorta,
or an artery like cardiovascular diseases.

[0020] In a further embodiment, the ultrasound appa-
ratus comprises an accelerometer, wherein the process-
ing unit is adapted to determine a posture of the subject
and/ or changes of the posture of the subject on the basis
of a signal received from the accelerometer. This is a
possibility to improve the interpretation and evaluation of
the ultrasound signals, since the posture of the subject
is considered which is an influencing parameter for dif-
ferent medical conditions or parameters in particular he-
modynamic or pulmonary parameters.

[0021] In a further embodiment, the ultrasound appa-
ratus further comprises a plurality of height detectors as-
sociated to each of the ultrasound transducers for pro-
viding height signals corresponding to a height of the
respective ultrasound transducers with respect to ana-
tomical features of the subject, wherein the processing
unit is adapted to determine a posture of the subject on
the basis of the height signals. This is a further possibility
to determine the posture of the subject which is an influ-
encing parameter for different medical measurements in
particular measurements like hemodynamic or pulmo-
nary parameters. Further, the relative position of the ul-
trasound transducers with respect to gravity can be de-
termined so that e.g. a fluid or a fluid height in the lung
can be determined.

[0022] Anultrasound apparatus in accordance with the
invention is defined in claim 1.

[0023] This is a possibility to improve the evaluation
and the interpretation of the ultrasound signals since a
registration of the ultrasound transducers can be per-
formed. In particular a 2D-image or a 3D-image can be
formed on the basis of the corresponding ultrasound sig-
nals and the relative position of the ultrasound transduc-
ers to each other. This is in general a possibility to im-
prove the evaluation of the data which is comfortable for
the user.

[0024] In a further embodiment, the ultrasound appa-
ratus comprises a beam-forming unit for focusing the ul-
trasound waves emitted by the ultrasound transducers,
wherein the beam-forming unit is adapted to focus the
ultrasound waves emitted by the ultrasound transducers
on the basis of the relative position of the ultrasound
transducers to each other and/or on the basis of the po-
sition of the ultrasound transducers with respect to an
anatomical feature of the subject. This is a possibility to
modify the emitted ultrasound signals or waves based
on the relative position of the ultrasound transducers to
each other and/or based on the anatomical features of
the subject so that the precision and the reliability of the
measurement can be improved.

[0025] The processing unitis adapted to determine the
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distance between the ultrasound transducers on the ba-
sis of the ultrasound waves received by the ultrasound
transducers. This is a possibility to determine the relative
position of the ultrasound transducers to each other and
to register the ultrasound transducers in the individual
position at the subject, so that the evaluation of the ul-
trasound data can be improved and image data can be
derived from the ultrasound signals.

[0026] Additionally or alternatively, the processing unit
is adapted to determine a shape of the connection layer
on the basis of the ultrasound waves received by the
ultrasound transducers. This is a possibility to further im-
prove the evaluation and interpretation of the ultrasound
signal and to determine a 2D- or 3D-ultrasound image.

[0027] Thisis a possibility to determine the relative po-
sition of the ultrasound transducers with low technical
effort even if the ultrasound transducers are not coupled
via a direct ultrasound path.

[0028] Inaccordance withthe invention, the ultrasound
waves received by the ultrasound transducers for deter-
mining the distance between the ultrasound transducers
and/or the shape of the connection layer are surface
acoustic waves transmitted through the connection layer
or an additional layer attached to the connection layer.
This is a possibility to improve the robustness of the
measurement of the relative position of the ultrasound
transducers, since the distance and shape sensing de-
pends only on the construction of the connection layer
or the additional layer attached to the connection layer
and not on the basis of the tissue characteristics of the
subject.

[0029] The ultrasound waves for determining the dis-
tance between the ultrasound transducers and/or the
shape of the connection layer are emitted by one of the
ultrasound transducers. This is a possibility to determine
the distance of the ultrasound transducers and/or the
shape of the connection layer with low technical effort,
since the integrated ultrasound transducers can be uti-
lized also to determine the distances between the ultra-
sound transducers and/or the shape of the connection
layer. The distances between the ultrasound transducers
and the shape of the connection layer are determined by
emitting one short ultrasound pulse by means of a single
ultrasound transducer wherein the other transducers re-
ceive the pulse. The distance and the shape can be de-
termined on the basis of the time of flight, the amplitude
or the phase of the ultrasound pulse.

[0030] According to a further embodiment, the dis-
tance measurement is performed by emitting a short ul-
trasound pulse by a plurality of the ultrasound transduc-
ers or by each of the ultrasound transducers in a con-
secutive manner, wherein the respective other ultra-
sound transducers receive the emitted ultrasound pulse
in each case. The distance between the ultrasound trans-
ducers and the shape of the connection layer can be
determined on the basis of the time of flight, the amplitude
or the phase of each of the emitted ultrasound pulses
and received by the respective other remaining ultra-
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sound transducers.

[0031] In a further embodiment, the ultrasound appa-
ratus further comprises a light emitting device and a light
detection device coupled to the processing unit, wherein
the processing unit is further adapted to determine a
shape of the connection layer on the basis of the light
detected by the light detection device. This is a possibility
to further improve the reliability of the detection of the
shape of the connection layer.

[0032] In a further embodiment, the light emitting de-
vice and the light detection device are optically coupled
by means of an optical fiber connected to the connection
layer. This is a possibility to determine the shape of the
connection layer with high precision.

[0033] Inafurther embodiment, the optical fiber is con-
nected to the flexible and / or stretchable layer, wherein
the processing unit is adapted to determine a strain of
the optical fiber on the basis of the light detected by the
light detection device and to determine the shape of the
connection layer on the basis of the determined strain.
This is a possibility to determine the shape of the con-
nection layer precisely.

[0034] In a further embodiment, the processing unit is
adapted to determine ultrasound image data on the basis
of the ultrasound signal received from the plurality of ul-
trasound transducers and the determined distance be-
tween the ultrasound transducers and/or the determined
shape of the connection layer. This is a possibility to uti-
lize the ultrasound signals for ultrasound imaging, where-
in the quality of the ultrasound image data can be im-
proved on the basis of the determined distance between
the ultrasound transducers and/or the determined shape
of the connection layer.

[0035] As mentioned above, the ultrasound transduc-
ers which can be connected by means of the connection
layer to the subject can provide a non-invasive and non-
obstructive continuous and frequent monitoring of a med-
ical parameter of the subject, wherein the evaluation and
the interpretation of the different ultrasound signals re-
ceived from the ultrasound transducers can be improved
and a precise, robust and reliable measurement based
on the ultrasound signals can be provided. Further, due
to the connection layer, the ultrasound transducers can
be attached individually to the subject and due to the
measurement of the position of the ultrasound transduc-
ers with respect to each other and with respect to the
anatomical feature of the subject, the measurement can
be improved and an obstruction of a desired field of view
e.g. by a bone, vessel, organ or other structures can be
avoided.

BRIEF DESCRIPTION OF THE DRAWINGS

[0036] These and other aspects of the invention will be
apparent from and elucidated with reference to the em-
bodiment(s) described hereinafter. In the following draw-
ings
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Fig. 1 shows a schematic representation of an ultra-
sound apparatus in use for medical examination of
a volume of a subject;

Fig. 2 shows a detailed representation of the ultra-
sound apparatus including a plurality of transducer
elements;

Fig. 3 shows a detailed representation of the ultra-
sound apparatus including three transducer ele-
ments flexibly attached to each other;

Fig. 4 shows a schematic sectional view of the ultra-
sound apparatus including an ultrasound transducer
and a connection layer;

Fig. 5 shows an embodiment of the ultrasound trans-
ducer including a strap connector;

Fig. 6 shows a sectional view of the embodiment of
the ultrasound apparatus shown in Fig. 5;

Fig. 7 shows a sectional view of a further embodi-
ment of the ultrasound transducer;

Fig. 8 shows a detailed top view of the ultrasound
transducerincluding the plurality of ultrasound trans-
ducers attached to the connection layer;

Fig. 9 shows a sectional view of the ultrasound ap-
paratus including a plurality of ultrasound transduc-
ers for determining a distance of the ultrasound
transducers and/or a shape of the connection layer;
Fig. 10 shows a sectional view of an embodiment of
the ultrasound apparatus including a light emitting
device and a light detection device for determining
a shape of the connection layer;

Fig. 11 shows a diagram of a shape and orientation
function with respect to a Cartesian coordinate sys-
tem; and

Fig. 12 shows a schematic top view of the ultrasound
apparatus including an optical fiber for determining
the shape of the connection layer.

DETAILED DESCRIPTION OF THE INVENTION

[0037] Fig. 1 shows a schematic illustration of an ul-
trasound apparatus for medical examination of a subject
generally denoted by 10. The ultrasound apparatus 10
is applied to inspect a volume of an anatomical site, in
particular an anatomical site of a subject 12 or a patient
12. The ultrasound apparatus 10 comprises an ultra-
sound transducer unit 14 including a plurality of ultra-
sound transducers 16 and a connection layer 18 for con-
necting the ultrasound transducers 16 to the subject 12.
The connection layer 18 is a flexible and / or stretchable
layer 18 for flexibly and expendably connecting the ultra-
sound transducers 16 to each other. The ultrasound
transducer unit 14 may comprise two, three, four or more
of ultrasound transducers 16 which are connected to the
connection layer 18. The ultrasound transducers 16 com-
prises at least one ultrasound transducer element for
emitting and receiving ultrasound waves and for provid-
ing a respective ultrasound signal on the basis of the
ultrasound waves backscattered from the anatomical
side of the subject 12. The ultrasound transducers 16 are
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electrically connected to each other by means of electri-
cal wires and electrically connected to a central process-
ing unit 20 for controlling the ultrasound transducers 16
and for receiving and evaluating the ultrasound signals
from the ultrasound transducers 16. The central process-
ing unit 20 comprises a control unit 22 for controlling the
emission of the ultrasound waves and for receiving the
respective ultrasound signals. The control unit 22 is con-
nected to a processing unit 24 for receiving the ultrasound
signal and for evaluating the ultrasound signals. The
processing unit 24 is adapted to determine a relative po-
sition of the ultrasound transducers 16 to each other
and/or a position of the ultrasound transducers 16 with
respect to an anatomical feature of the subject 12 as
described in the following. The processing unit 24 further
determines at least one parameter which is indicative of
a medical condition of the subject 12 on the basis of the
ultrasound signals received from the ultrasound trans-
ducers 16. The central processing unit 20 and in partic-
ular the processing unit 24 is connected to a display de-
vice 26 for displaying results of the medical inspection to
a user. The display device 26 may be connected to an
input device 27 for controlling the ultrasound apparatus
10.

[0038] The ultrasound transducers 16 may comprise
one transducer element or an array of transducer ele-
ments, wherein the ultrasound transducers 16 are in gen-
eral coupled to the connection layer 18 which may be
formed of a bendable and stretchable material so that a
spacing between the ultrasound transducer 16 can be
manually adjusted and the ultrasound transducer 16 can
be placed individually at individually selected portions of
the subject 12. This enables the user to inspect desired
portions of the subject 12, in particular the lung, the heart,
the aorta or the like or non-thoracic portions like the ca-
rotid, brachial, and femoral arteries, wherein the ultra-
sound transducers 16 are disposed at an intercostal po-
sition between the ribs or on / around the neck, arm, or
leg of the subject 12 in order to achieve a non-obstructed
view on an organ or a vessel to be examined. The
processing unit 24 is adapted to determine a relative po-
sition of the ultrasound transducers 16 with respect to an
anatomical feature e.g. a bone or an organ or other ob-
structing anatomical features in order to indicate if one
or more of the ultrasound transducers 16 is disposed
inappropriately at the subject 12 to provide a reliable
measurement. The display device 26 may provide a cor-
responding warning to the operator.

[0039] The anatomical feature may be determined on
the basis of artifacts like A-lines in the ultrasound signal
or Doppler measurements for detection of arterial and/or
venous vessels and assessment of perfusion. A well-po-
sitioned ultrasound transducer 16 can e.g. show the lung
pleural line, which is associated to the artifacts of the A-
lines. Hence, the proper position of the ultrasound trans-
ducer 16 can be automatically identified on the basis of
the ultrasound signals.

[0040] Forthe case that the ultrasound transducer unit
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14 is utilized for monitoring the lung of the subject 12, B-
line artifacts can be utilized to determine the presence
and the degree of a pulmonary edema which builds up
from the bottom of the lung upwards. Also other lung
conditions can be monitored which are associated with
local lung water such as an infection, wherein the ultra-
sound transducers 16 can indicate the increase, the de-
crease or the migration of the local lung water. In another
embodiment, the ultrasound transducer unit 14 can be
adapted to measure cardiac, aortic, vascular or venous
parameters. The ultrasound transducers 16 may be each
equipped with a height meter or an accelerometer for
determining a posture of the subject 12 which usually
lead to a migration of lung water and alterations in he-
modynamics due to the influence of the gravity. The
height sensors can also be used to derive the degree,
i.e. the height of the pulmonary edema based on which
transducers find B-line artifacts and which transducers
do not find B-line artifacts.

[0041] In an alternative embodiment, the ultrasound
signals received from the ultrasound transducers 16 are
used by the processing unit 24 to reconstruct and provide
ultrasound image data. To reconstruct and provide the
image data, the relative position of the ultrasound trans-
ducers 16 and the respective orientation of the individual
ultrasound transducers 16 has to be registered. The rel-
ative position and the orientation of the ultrasound trans-
ducers 16 is determined on the basis of the ultrasound
waves received by the ultrasound transducers 16 and
evaluated by means of the processing unit 24. In an al-
ternative embodiment, the shape of the connection layer
18 may be determined on the basis of light emitting de-
vices and light detection devices attached or coupled to
or integrated in the connection layer 18. On the basis of
the so determined relative position of the ultrasound
transducers 16 to each other and the individual orienta-
tion of the ultrasound transducers 16 an ultrasound im-
age can be reconstructed. When the ultrasound trans-
ducers 16 form a vector or a line of elements, a 2D-image
can be formed of the ultrasound signals as B-mode or
plane wave compounding. If the ultrasound transducers
16 form a matrix of ultrasound transducers, a 3D-image
can be formed.

[0042] The control unit 24 may control the ultrasound
transducers 16 in order to focus the ultrasound beams
emitted by the ultrasound transducers 16 to a region of
interest on the basis of the detected anatomical features
of the subject 12.

[0043] Fig.2shows aschematic view of the ultrasound
transducer unit 14 attached to a site of the subject 12.
The connection layer 18 is attached to the thorax of the
subject 12 so that the ultrasound transducers 16 are dis-
posed between ribs 28 of the subject 12. The connection
layer 18 is attached to the skin of the subject 12 by means
of a glue layer or an adhesive layer or a sticker. Each of
the ultrasound transducers 16 may comprise one, two or
multiple transducer elements for emitting and receiving
ultrasound waves. The ultrasound transducers 16 may
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be capacitive micromachined ultrasonic transducer
(CMUT), piezoelectric micromachined ultrasound trans-
ducer (PMUT) elements or C-mode, P-mode or polymer
transducer such as PVDF transducer elements in order
to emit and receive the ultrasound waves.

[0044] The processing unit 24 is adapted to determine
on the basis of the ultrasound signal received from the
ultrasound transducers 16 a relative position of the ultra-
sound transducers 16 with respect to anatomical fea-
tures, in this particular case the ribs 28 so that an inap-
propriate position of the ultrasound transducer 16 at a rib
28 can be determined and indicated to the user by means
of e.g. a warning signal. It should be noted that the ana-
tomical feature may be any obstructing feature which is
not of interest like bones, organs or vessels.

[0045] The processing unit 24 further determines a
medical condition of the subject 12 on the basis of the
ultrasound signals and in this particular case the condi-
tion of the lung, the heart, the aorta or other vessels and
may determine a disease on the basis of the ultrasound
signals.

[0046] Obstructing anatomical features are preferably
determined on the basis of A-line artifactin the ultrasound
signals. The medical condition of the subject 12, in this
particular case pulmonary edema of the lung can be de-
termined on the basis of B-line artifacts in the ultrasound
signals.. Alternatively, for vascular purposes, Doppler
signals are preferably used and in the case of the heart
inspection other reconstructed signals or signal features
can be utilized.

[0047] Fig. 3 shows a detailed diagram of the ultra-
sound transducer unit 14. The ultrasound transducers 16
are attached to the connection layer 18 by soldering, glu-
ing or bonding, wherein the ultrasound transducers 16
are electrically connected by means of wires 32 which
may be formed as printed wires 32 on the connection
layer 18 or substrate 18. The transducer elements 16
can be attached to the skin of the subject 12 by means
of a hydrogel layer 30. The ultrasound transducers 16
are connected to each other by means of the connection
layer 18, which may be formed of a fabric, wherein con-
ductive wires 34 are attached to the fabric in order to
connect the printed wires 32 and the ultrasound trans-
ducers 16 to each other. The ultrasound transducer unit
14 is connected via a cable 36 and a connector 38 to the
central processing unit 20. The part between the ultra-
sound transducers 16 can be cut into meander-like
shape, for ensuring the flexibility and stretchability of the
connection layer 18. All ultrasound transducers 16 are
connected to the central electronics unit via a single con-
nector. Another way to connect the ultrasound transduc-
ers 16 to the central processing unit 20 is to integrate
flexible electronics into the connection layer 18 to make
electrical contact between the central processing unit 20
and the transducers. In this case, the meandering of the
patch between the tiles is not necessary.

[0048] The so flexibly connected ultrasound transduc-
ers 16 can be attached toindividual portions of the subject
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12 having a distance to each other, so that the ultrasound
transducers 16 can be utilized for different medical ex-
aminations e.g. monitoring of the lung, the heart, vessels
or other organs as mentioned above.

[0049] Fig. 4 shows a schematic sectional view of the
ultrasound transducer unit 14. The ultrasound transducer
16 is attached to the connection layer 18, wherein the
connection layer 18 is disposed on top of the ultrasound
transducer element 16. On top of the connection layer
18 and the ultrasound transducer 16, a backing layer 40
is attached in order to absorb ultrasound energy of the
ultrasound transducer 16 and to provide a pressure to
the ultrasound transducer 16 to improve the attachment
to the skin of the subject 12. Alternatively a pressure in-
ducing layer may be attached to the backing layer 40 to
provide the pressure to the ultrasound transducer 16.
The backing layer 40 may have a thickness larger than
the thickness of the pressure inducing layer. In an em-
bodiment, the backing layer 40 may have a thickness at
least double of the thickness of the pressure inducing
layer. The ultrasound transducer 16 is surrounded by a
base layer 42 to support the ultrasound transducer 16.
The base layer 42 may be formed of felt or foam. Under-
neath the ultrasound transducer 16, a matching layer 44
is disposed, which is connected to the hydrogel layer 30
for providing a good ultrasound contact or coupling to the
skin of the subject 12. The ultrasound transducer 16 is
connected via electrodes 46, 48 to the printed wires 32,
wherein the electrodes 46, 48 are isolated with respect
to the matching layer 44 and the base layer 42 by means
of an insulation layer 50.

[0050] The ultrasound transducers 16 can be soldered
or bonded or glued with conductive adhesives onto a
flexible printed circuit foil, e.g. polyethylene terephthalate
(PET). The circuit on the both sides of the connection
layer 18, except on the transducer area exposing to the
skin, can be electrically insulated with a dielectric coating.
A polymer layer filled with high density metal particles
can be used as a top layer coating on the flexible layer
opposite to the skin side of the ultrasound transducer unit
14, for damping ultrasound waves towards the opposite
side of the skin. Each of the ultrasound transducers 16
can be addressed via a wire 32 on the connection layer
18, and, each of the ultrasound transducers 16 may com-
prise an analogue-to-digital converter.

[0051] The ultrasound transducer unit 14 may further
comprise electronic devices. An additional central
processing unit may be integrated that implements
processing of RF data, i.e. the ultrasound signals includ-
ing classification of lung, heart, and/or cardiovascular
conditions or diseases and wireless communication. The
ultrasound transducer unit 14 may also be wirelessly con-
nected to the central processing unit 20. A wireless ul-
trasound transducer unit also requires an energy storage
device such as a battery. A wired patch could offload all
processing to an external unit by using a coax cable per
transducer element. Alternatively, the ultrasound signals
may be processed in the ultrasound transducer unit 14
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and the ultrasound transducer unit 14 might be connect-
ed to another device with something as simple as a USB
3.0 cable.

[0052] Each of the ultrasound transducers 16 may be
associated with an accelerometer and/or a height detec-
tor to determine a posture of the subject and/or a height
of the respective ultrasound transducer 16 with respect
to gravity and/or an anatomical feature of the subject 12.
[0053] Fig. 5 shows a schematic top view of an em-
bodiment of the ultrasound transducer unit 14 including
a connection band 52, wherein the connection band 52
comprises a plurality of sub-bands 54 which are attach-
able to the backing layer 40 in order to absorb ultrasound
energy and to improve the pressure by means of which
the ultrasound transducers 16 are forced to the skin of
the subject 12. The pressure inducing layer may be
formed on top of the backing layer 40 and forms an ad-
ditional spacer to induce local pressure. The connection
band 52 can be worn around the thorax, an arm or a leg
or at another site of the subject 12 in order to provide the
respective contact force to the ultrasound transducers
16. This is a possibility to ensure the contact of the ultra-
sound transducers 16 at the skin of the subject 12, e.g.
betweentheribs 28 in the intercostal regions or atanother
portion of the subject 12.

[0054] Fig. 6 shows a schematic sectional view of the
ultrasound transducer unit 14. The ultrasound transduc-
ers 16 are attached to the hydrogel sheets 30 and cov-
ered by the connection layer 18. The ultrasound trans-
ducers 16 may also be attached to a substrate 56 includ-
ing electronic devices for driving the ultrasound trans-
ducers 16. The flexible layer 18 may be covered by a
cover layer 58, which may be formed of textile, wherein
strap inserts 60 are attached to the cover layer 58 for
supporting the sub-bands 54 which are attachable to the
connection layer 18in orderto provide the improved pres-
sure to the connection layer 18. The so arranged ultra-
sound transducer unit 14 can be properly fixed to the
subject 12 including the necessary force, wherein the
ultrasound transducers 16 can be individually disposed
at certain positions due to the connection layer 18. The
ultrasound transducers 14 may comprise an adhesive
layer 62 in order to adhesively attach the ultrasound
transducer unit 14 to the skin of the subject 12.

[0055] Fig. 7 shows a sectional view of an alternative
embodiment of the ultrasound transducer unit 14. The
ultrasound transducer unit 14 may further comprise aless
flexible support layer 64 or a rigid layer 64 which is at-
tached to the flexible layer 18 in order to provide a re-
spective contact force to the ultrasound transducer 16
so that a proper contact can be provided.

[0056] Fig. 8 shows a schematic top view of the ultra-
sound transducer unit 14, wherein the different layers are
sectionally cut to show the different layers of the ultra-
sound transducer unit 14. The top surface of the ultra-
sound transducer unit 14 is formed by the cover layer 58.
Underneath the cover layer 58, the less flexible or rigid
layer 64 is disposed, wherein underneath the less flexible
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layer orrigid layer 64, the connection layer 18 is disposed.
The cover layer 58 may be formed of textile or woven
material. The transducer elements 16 may each com-
prise a substrate 56 including electronic devices for driv-
ing the ultrasound transducer 16. The ultrasound trans-
ducers 16 are attached to the hydrogel sheets 30 in order
to provide a proper ultrasound transmission between the
ultrasound transducer 16 and the subject 12. The flexible
layer 18 including the ultrasound transducers 16 is sur-
rounded by the adhesive layer 62 (not shown) in order
to attach the ultrasound transducer unit 14 to the subject
12.

[0057] The ultrasound transducer unit 14 may use
wired or wireless communication to transfer information
regarding the placementof the ultrasound transducer unit
14 and the ultrasound transducers 16 and regarding the
medical condition of the subject 12 to a user and/or a
caregiver. As intermediate information, signals or signal
quality information could be provided as feedback to user
or caregiver. The user or caregiver can receive the infor-
mation regarding the placement of the ultrasound trans-
ducer unit 14 and/or the ultrasound transducers 16 as
well as (intermediate) measurement results on a phone,
a headset, a near-to-eye-display, vital signs monitor or
by visual signals provided by one or more LEDs or by
acoustical signals provided by one or more speakers in-
tegrated in the ultrasound unit 14 in order to reduce the
technical effort.

[0058] The respective status of the ultrasound trans-
ducer unit 14 can be summarized in a single signal or
information. Alternatively the feedback could be provided
of particular artifacts such as the presence or absence
of A-line artifacts, the presence or absence of B-line ar-
tifacts, the presence or absence of lung sliding or on the
basis of Doppler signals. An embodiment could use an
LED to indicate a proper or inappropriate placement of
the ultrasound transducers 16 and/or the medical condi-
tion of the subject 12. In a further embodiment, each of
the ultrasound transducers 16 may comprise a plurality
of LEDs to indicate to quality of the placement and the
measurement result. As an example, a green LED could
indicate a good placement or signal quality in combina-
tion with a healthy organ or vessel under this transducer,
an orange LED could indicate that the ultrasound trans-
ducer 16 requires replacement, and a red LED could in-
dicate a bad signal quality in combination with an un-
healthy organ or vessel under this transducer.

[0059] Fig. 9 shows an embodiment of the ultrasound
transducer unit 14 including means to determine a rela-
tive position of the ultrasound transducers 16 to each
other and/or a shape of the connection layer 18. The
means for determining the relative position of the ultra-
sound transducers 16 and/or the shape of the connection
layer 18 determines a distance between the ultrasound
transducers 16, a relative angle between the ultrasound
transducers 16 an angle of each ultrasound transducers
16 with respect to a normal direction, a position of the
ultrasound transducers 16 with respect to the subject 12,
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an angle of ultrasound transducers 16 with respect to a
gravity vector and / or an anatomical feature and/or a
shape of the connection layer 18 to which the ultrasound
transducers 16 are attached. On the basis of the relative
position of the ultrasound transducers 16 to each other,
aregistration can be performed by means of the process-
ing unit 24 in order to evaluate the ultrasound signals
which can be utilized to form ultrasound image data on
the basis of the ultrasound signals.

[0060] The shape of the connection layer 18 or the ul-
trasound transducer unit 14 can be determined using a
spline interpolation wherein merely the local curvature in
the direction perpendicular to the ultrasound transducers
16 is necessary. The resolution of the determined shape
of the connection layer 18 is proportional to the density
of the ultrasound transducers 16 and the necessary spa-
tial resolution to determine the shape of the connection
layer 18 depends on the flexibility or the rigidity of the
connection layer or the ultrasound transducer unit 14 in
general.

[0061] From the shape determination of the ultrasound
transducer unit 14, the position of each of the ultrasound
transducers 16 at the connection layer 18 or the ultra-
sound transducer unit 14 in a Cartesian coordinate sys-
tem as a function of the curvy linear ultrasound transduc-
er unit 14 coordinate can be determined e.g. by the for-
mula:

r(u,v) = x(u, V)X + y(u, ) + 2(u,v)Z

wherein r corresponds to the position of the ultrasound
transducer unit 14 or the flexible layer 18 and u and v
correspondto a curvy linear coordinates of the ultrasound
transducer unit 14. It should be noted that this formula is
one example and other functions can be used as well.
An example for a function of a bended ultrasound trans-
ducer unit 14 inthe Cartesian coordinate systemis shown
in Fig. 11.

[0062] In Fig. 9, one embodiment of the ultrasound
transducer unit 14 including ultrasound transducers 16
for determining the relative position of the ultrasound
transducers 16 to each other and the corresponding
shape of the connection layer 18 is schematically shown.
[0063] The ultrasound transducer unit 14 comprises
one ultrasound transducer 16’ which is adapted to emit
an ultrasound pulse signal, wherein the other ultrasound
transducers 16" receives the pulse signal from the emit-
ting ultrasound transducer 16’. On the basis of the time
of flight, the amplitude or a phase parameter of the so
transmitted ultrasound pulse signal, the relative position
of each of the ultrasound transducer 16" with respect to
the emitting ultrasound transducer 16’ can be deter-
mined. The ultrasound pulse signal may be received di-
rectly through the subject 12 or may be backscattered
from a specific anatomical feature 66 of the subject 12
as showninFig. 9. The corresponding path through which
the ultrasound pulse signal is transmitted from the emit-
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ting ultrasound transducer 16’ to the receiving ultrasound
transducer 16" depends on the curvature of the connec-
tion layer 18.

[0064] The emission or transmission of the ultrasound
pulse signal should be repeated for different of the ultra-
sound transducers 16 in order to determine the shape of
the connection layer 18 or the shape of the ultrasound
transducer unit 14.

[0065] Alternatively the shape of the ultrasound trans-
ducer unit 14 or the connection layer 18 may be deter-
mined by additional ultrasound transducers which are
acoustically coupled, e.g. glued to the connection layer
18. The ultrasound transducers 16 induce and measure
surface acoustic waves through the ultrasound transduc-
er unit 14 or the connection layer 18. In general the de-
tection of the shape on the basis of the surface acoustic
waves through the flexible layer 18 is more robust, since
the shape detection depends only on the ultrasound
transducer unit 14 and not on the tissue of the subject 12.
[0066] Fig. 10 shows an alternative embodiment of the
ultrasound transducer unit 14 for determining the shape
of the connection layer 18 or the ultrasound transducer
unit 14. The ultrasound transducer unit 14 comprises a
plurality of light emitters 70 and a plurality of light detec-
tors 72 which are integrated in the connection layer 18
or the ultrasound transducer unit 14 in general. The light
emitters 70 and the light detectors 72 may be disposed
at all or a subset of the ultrasound transducers 16 or at
locations between the ultrasound transducers 16. The
light detectors 72 measure light 74 which is emitted from
the light emitters 70 and transmitted due to sub-surface
scattering in the tissue of the subject 12. In the case that
the ultrasound transducer unit 14 is bended around the
subject 12, the light signal is distorted. When the ultra-
sound transducer unit 14 is curved around the subject
12, the detected lightis increased due to the direct optical
path and when the ultrasound transducer unit 14 is
curved in the other way, the amount of detected light is
reduced due to a longer and indirect path of the light.
[0067] Fig. 12 shows an alternative embodiment of the
ultrasound transducer unit 14 including an optical fiber
80 which is integrated in the connection layer 18 and
connected to an optical interrogator unit 82. The optical
interrogator unit 82 is designed to measure spatially re-
solved scattering along the optical fiber 80 by techniques
such as Optical Frequency Domain Reflectometry or op-
tical readout of inscribed fiber Bragg gratings. Such a
measurement can be used to locally determine strain in
the optical fiber 80. From such a strain measurement the
shape of the ultrasound transducer unit 14 or the con-
nection layer 18 can be determined. As such, the shape
of the ultrasound transducer unit 14 is determined on the
basis of the detected distribution of light along the optical
fiber 80. The optical fiber 80 may be integrated or con-
nected in parallel to the electric wire 34.

[0068] Similarly, ultrasound could be utilized instead
of light, wherein the light guide 80 is replaced by a gel-
filled conducting path between the ultrasound transducer



17 EP 3 349 663 B1 18

16 or additional ultrasound transducers, wherein the gel-
filled conducting path acoustically couples the ultrasound
transducer 16 or the additional ultrasound transducer
through by means of which the ultrasound waves can be
transmitted. The gel-filled path can be a narrow tube with
ultrasound-insulated walls or ultrasound-reflecting walls.
When the path deforms, then the ultrasound transmission
characteristics change and this can be measured again
via the time of flight measurement, an amplitude or a
phase measurement.

[0069] Hence, the shape of the ultrasound transducer
device 14 can be determined precisely on the basis of
ultrasound emission and detection or light emission and
detection so that a registering of the ultrasound trans-
ducers 16 can be performed and physiological data can
be derived from the ultrasound signals.

[0070] Computer program code for carrying out the
methods of the present invention by execution on the
processing unit 24 may be written in any combination of
one or more programming languages, including an object
oriented programming language such as Java, Smalltalk,
C++ or the like and conventional procedural program-
ming languages, such as the "C" programming language
or similar programming languages. The program code
may execute entirely on the processing unit 24 as a
stand-alone software package, e.g. an app, or may be
executed partly on the processing unit 24 and partly on
a remote server. In the latter scenario, the remote server
may be connected to the head-mountable computing de-
vice through any type of network, including a local area
network (LAN) or a wide area network (WAN), or the con-
nection may be made to an external computer, e.g.
through the Internet using an Internet Service Provider.
[0071] Aspects of the present invention are described
above with reference to flowchart illustrations and/or
block diagrams of methods, apparatus (systems) and
computer program products according to embodiments
of the invention. It will be understood that each block of
the flowchart illustrations and/or block diagrams, and
combinations of blocks in the flowchart illustrations
and/or block diagrams, can be implemented by computer
program instructions to be executed in whole or in part
on the processing unit 24, such that the instructions cre-
ate means for implementing the functions/acts specified
in the flowchart and/or block diagram block or blocks.
These computer program instructions may also be stored
in a computer-readable medium that can direct the car-
diopulmonary resuscitation guidance system including
the portable computing device to function in a particular
manner.

[0072] The computer program instructions may, for ex-
ample, be loaded onto the portable computing device to
cause a series of operational steps to be performed on
the portable computing device and/or the server, to pro-
duce a computer-implemented process such that the in-
structions which execute on the portable computing de-
vice and/or the server provide processes for implement-
ing the functions/acts specified in the flowchart and/or
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block diagram block or blocks. The computer program
product may form part of a patient monitoring system
including a portable computing device.

[0073] While the invention has been illustrated and de-
scribed in detail in the drawings and foregoing descrip-
tion, suchillustration and description are to be considered
illustrative or exemplary and not restrictive; the invention
is not limited to the disclosed embodiments. The inven-
tion is defined in the appended claims.

[0074] In the claims, the word "comprising" does not
exclude other elements or steps, and the indefinite article
"a" or "an" does not exclude a plurality. A single element
or other unit may fulfill the functions of several items re-
cited in the claims. The mere fact that certain measures
are recited in mutually different dependent claims does
not indicate that a combination of these measures cannot
be used to advantage.

[0075] A computer program may be stored/distributed
on a suitable medium, such as an optical storage medium
or a solid-state medium supplied together with or as part
of other hardware, but may also be distributed in other
forms, such as via the Internet or other wired or wireless
telecommunication systems. Thus, there may be provid-
ed a computer program product downloadable from a
communications network and/or stored on a computer
readable medium and/or microprocessor-executable
medium wherein the computer program product compris-
es computer program code instructions, which when ex-
ecuted by at least one processor, implement a method
according to a proposed embodiment.

[0076] Any reference signs in the claims should not be
construed as limiting the scope.

Claims

1. Ultrasound apparatus (10) for medical examination
of a subject (12), comprising:

a plurality of ultrasound transducers (16) for
emitting and receiving ultrasound waves and for
providing different ultrasound signals on the ba-
sis of the ultrasound waves,

a flexible and / or stretchable connection layer
(18), attachable to the subject, wherein the ul-
trasound transducers (16) are coupled to the
connection layer (18), and

a processing unit (24) coupleable to the ultra-
sound transducers (16) for receiving the ultra-
sound signals and for determining at least one
parameter on the basis of the ultrasound signals
derived from the ultrasound waves backscat-
tered from an anatomical feature of the subject
(12), wherein the at least one parameter is in-
dicative of a position of the ultrasound transduc-
ers (16) with respect to the anatomical feature
of the subject and/or indicative of a medical con-
dition of the subject,
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wherein the processing unit (24) is adapted to
determine at least one parameter indicative of
a relative position of the ultrasound transducers
(16) to each other and / or a shape of the con-
nection layer (18),

characterized in that the ultrasound transducers
(16) are adapted for inducing and measuring surface
acoustic waves transmitted through the connection
layer (18) or a layer attached to the connection layer
(18), and in that the processing unit is adapted for
determining a distance between the ultrasound
transducers (16) and/or for determining the shape
of the connection layer on the basis of the surface
acoustic waves transmitted through the connection
layer (18) or a layer attached to the connection layer
(18).

Ultrasound apparatus as claimed in claim 1, wherein
the position of the ultrasound transducers (16) with
respect to the anatomical feature is determined on
the basis of at least one of A-line detection, B-line
detection, amplitude detection, or Doppler signal de-
tection.

Ultrasound apparatus as claimed in claim 1, further
comprising an accelerometer, wherein the process-
ing unit is adapted to determine a posture of the sub-
ject on the basis of a signal received from the accel-
erometer.

Ultrasound apparatus as claimed in claim 1, further
comprising a plurality of height detectors associated
to the ultrasound transducers (16) for providing
height signals corresponding to a height of the re-
spective ultrasound transducer with respect to ana-
tomical features of the subject, wherein the process-
ing unit is adapted to determine a posture of the sub-
ject and/or changes of the posture of the subject on
the basis of the height signals.

Ultrasound apparatus as claimed in claim 1, further
comprising a beam forming unit (22) for focusing the
ultrasound waves emitted by the ultrasound trans-
ducers, and wherein the beam forming unit is adapt-
ed to focus the ultrasound waves emitted by the ul-
trasound transducers (16) on the basis of the relative
position of the ultrasound transducers (16) to each
other and/or on the basis of the position of the ultra-
sound transducers (16) with respect to the anatom-
ical feature of the subject.

Ultrasound apparatus as claimed in claim 1, wherein
the ultrasound transducers (16) have a distance to
each other and wherein the processing unit is adapt-
ed to determine a distance between the ultrasound
transducers (16) on the basis of the ultrasound
waves received by the ultrasound transducers.
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Ultrasound apparatus as claimed in claim 1, wherein
the processing unitis adapted to determine a shape
of the flexible layer on the basis of the ultrasound
waves received by the ultrasound transducers (16).

Ultrasound apparatus as claimed in claim 6 or 7,
wherein the processing unit (24) is further adapted
to determine the distance between the ultrasound
transducers (16) and/or the shape of the connection
layer (18) based on the backscattered ultrasound
waves received by the ultrasound transducers (16).

Ultrasound apparatus as claimed in any of claims 6
to 8, whereinthe processing unit(24) is further adapt-
ed to determine the distance between the ultrasound
transducers (16) and/or the shape of the connection
layer (18) based on the ultrasound waves emitted
by one of the ultrasound transducers.

Ultrasound apparatus as claimed in claim 1, further
comprising a light emitting device (70) and a light
detection device (72), wherein both devices are in-
tegrated in the connection layer (18) and coupled to
the processing unit, wherein the processing unit is
further adapted to determine the shape of the con-
nection layer (18) on the basis of the light detected
by the light detection device.

Ultrasound apparatus as claimed in claim 10, where-
in an optical fiber (80) is connected to the connection
layer (18), wherein the processing unit is adapted to
determine a strain of the optical fiber on the basis of
the light detected by the light detection device and
to determine the shape of the connection layer (18)
on the basis of the determined strain.

Ultrasound apparatus as claimed in any of claims 6
to 10, wherein the processing unit is adapted to de-
termine ultrasound image data on the basis of the
ultrasound signals received from the ultrasound
transducers (16), wherein said ultrasound signals
are derived from the ultrasound waves backscat-
tered from an anatomical feature of the subject (12),
and the determined distance between the ultrasound
transducers (16) and/or the determined shape of the
connection layer (18).

Method for medical examination of a subject, com-
prising the steps of:

emitting and receiving ultrasound waves by
means of a plurality of ultrasound transducers
attachable via a flexible and / or stretchable con-
nection layer to the subject and providing a plu-
rality of different ultrasound signals on the basis
of the ultrasound waves received by the plurality
of ultrasound transducers,



14.

15.

21 EP 3 349 663 B1 22

- determining at least one parameter on the
basis of the ultrasound signals derived from
the ultrasound waves backscattered from
an anatomical feature of the subject (12),
wherein the at least one parameter is indic-
ative of a position of the ultrasound trans-
ducers with respect to the anatomical fea-
ture of the subject and / or indicative of a
medical condition of the subject,

determining at least one parameter indicative of
arelative position of the ultrasound transducers
to each other and / or a shape of the connection
layer,

characterized in that

determining a distance between the ultrasound
transducers on the basis of the ultrasound waves
received by the ultrasound transducers and/or de-
termining the shape of the connection layer is per-
formed on the basis of the ultrasound waves re-
ceived by the ultrasound transducers which are sur-
face acoustic waves transmitted through the connec-
tion layer or a layer attached to the connection layer.

Method as claimed in claim 13, comprising the step
of determining the position of the ultrasound trans-
ducers with respect to the anatomical feature on the
basis of at least one of A-line detection, B-line de-
tection, amplitude detection, or Doppler signal de-
tection.

A computer program product for medical examina-
tion of a subject, the computer program product com-
prising computer-readable program code download-
able from a communications network, or storable on,
or stored on a computer-readable storage medium,
which computer-readable program code, when run
on a computer causes the computer to perform the
following steps:

controlling a plurality of ultrasound transducers,
for emitting and receiving ultrasound waves, at-
tachable via a flexible and / or stretchable con-
nection layer to the subject and providing a plu-
rality of different ultrasound signals on the basis
of the ultrasound waves received by the plurality
of ultrasound transducers,

determining at least one parameter on the basis
of the ultrasound signals, said signals derived
from the ultrasound waves backscattered from
an anatomical feature of the subject (12) and
received by the ultrasound transducers, wherein
the at least one parameter is indicative of a po-
sition of the ultrasound transducers with respect
to an anatomical feature of the subject and / or
indicative of a medical condition of the subject,
determining at least one parameter indicative of
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a relative position of the ultrasound transducers
to each other and / or a shape of the connection
layer,

characterized in that

determining a distance between the ultrasound
transducers on the basis of the ultrasound
waves received by the ultrasound transducers
and/or determining the shape of the connection
layeris performed on the basis of the ultrasound
waves received by the ultrasound transducers
which are surface acoustic waves transmitted
through the connection layer or a layer attached
to the connection layer.

Patentanspriiche

Ultraschallgerat (10) zur medizinischen Untersu-
chung einer Person (12), umfassend:

eine Vielzahl von Ultraschallwandlern (16) zum
Aussenden und Empfangen von Ultraschallwel-
len und zum Bereitstellen verschiedener Ultra-
schallsignale auf der Basis der Ultraschallwel-
len,

eine flexible und/oder dehnbare Verbindungs-
schicht (18), die an der Person angebracht wer-
den kann, wobei die Ultraschallwandler (16) mit
der Verbindungsschicht (18) gekoppelt sind,
und

eine Verarbeitungseinheit (24), die mit den Ul-
traschallwandlern (16) gekoppelt werden kann,
umdie Ultraschallsignale zu empfangen und um
mindestens einen Parameter auf der Basis der
Ultraschallsignale zu bestimmen, die von den
Ultraschallwellen abgeleitet werden, welche
von einem anatomischen Merkmal der Person
(12) rickgestreut werden, wobei der mindes-
tens eine Parameter eine Position der Ultra-
schallwandler (16) in Bezug auf das anatomi-
sche Merkmal der Person und/oder eine medi-
zinische Verfassung der Person angibt,

wobei die Verarbeitungseinheit (24) dafir aus-
gelegt ist, mindestens einen Parameter zu be-
stimmen, der eine relative Position der Ultra-
schallwandler (16) zueinander und/oder eine
Form der Verbindungsschicht (18) angibt,

dadurch gekennzeichnet, dass die Ultraschall-
wandler (16) dafiir ausgelegt sind, akustische Ober-
flachenwellen zu induzieren und zu messen, die
durch die Verbindungsschicht (18) oder eine an der
Verbindungsschicht (18) angebrachte Schicht Giber-
tragen werden, und dadurch, dass die Verarbei-
tungseinheit daflr ausgelegt ist, einen Abstand zwi-
schen den Ultraschallwandlern (16) und/oder die
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Form der Verbindungsschicht auf der Basis der
durch die Verbindungsschicht (18) oder eine an der
Verbindungsschicht (18) angebrachte Schicht tiber-
tragenen akustischen Oberflaichenwellen zu bestim-
men.

Ultraschallgeratnach Anspruch 1, wobei die Position
der Ultraschallwandler (16) in Bezug auf das anato-
mische Merkmal auf der Basis von mindestens ei-
nem von A-Linien-Detektion, B-Linien-Detektion,
Amplitudendetektion oder Dopplersignal-Detektion
bestimmt wird.

Ultraschallgerat nach Anspruch 1, ferner umfassend
einen Beschleunigungsmesser, wobei die Verarbei-
tungseinheit dafiir ausgelegt ist, eine Haltung der
Person auf der Basis eines von dem Beschleuni-
gungsmesser empfangenen Signals zu bestimmen.

Ultraschallgerat nach Anspruch 1, ferner umfassend
eine Vielzahl von zu den Ultraschallwandlern (16)
gehdrigen Hohendetektoren zum Bereitstellen von
Hoéhensignalen, die einer Hohe des jeweiligen Ultra-
schallwandlers in Bezug auf anatomische Merkmale
der Person entsprechen, wobei die Verarbeitungs-
einheit daflir ausgelegt ist, eine Haltung der Person
und/oder Haltungsénderungen der Person auf der
Basis der Héhensignale zu bestimmen.

Ultraschallgerat nach Anspruch 1, ferner umfassend
eine Strahlformungseinheit (22) zum Fokussieren
der durch die Ultraschallwandler ausgesendeten Ul-
traschallwellen, und wobei die Strahlformungsein-
heit dafiir ausgelegt ist, die durch die Ultraschall-
wandler (16) ausgesendeten Ultraschallwellen auf
der Basis der relativen Position der Ultraschallwand-
ler (16) zueinander und/oder auf der Basis der Po-
sition der Ultraschallwandler (16) in Bezug auf das
anatomische Merkmal der Person zu fokussieren.

Ultraschallgerat nach Anspruch 1, wobei die Ultra-
schallwandler (16) einen Abstand zueinander haben
und wobei die Verarbeitungseinheit dafiir ausgelegt
ist, einen Abstand zwischen den Ultraschallwand-
lern (16) auf der Basis der durch die Ultraschallwand-
ler empfangenen Ultraschallwellen zu bestimmen.

Ultraschallgerat nach Anspruch 1, wobei die Verar-
beitungseinheit dafiir ausgelegt ist, eine Form der
flexiblen Schicht auf der Basis der durch die Ultra-
schallwandler (16) empfangenen Ultraschallwellen
zu bestimmen.

Ultraschallgerat nach Anspruch 6 oder 7, wobei die
Verarbeitungseinheit (24) ferner dafiir ausgelegt ist,
den Abstand zwischen den Ultraschallwandlern (16)
und/oder die Form der Verbindungsschicht (18) ba-
sierend auf den durch die Ultraschallwandler (16)
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empfangenen riickgestreuten Ultraschallwellen zu
bestimmen.

Ultraschallgerat nach einem der Anspriiche 6 bis 8,
wobei die Verarbeitungseinheit (24) ferner dafur
ausgelegt ist, den Abstand zwischen den Ultra-
schallwandlern (16) und/oder die Form der Verbin-
dungsschicht (18) basierend aufden durch einen der
Ultraschallwandler ausgesendeten Ultraschallwel-
len zu bestimmen.

Ultraschallgerat nach Anspruch 1, ferner umfassend
eine lichtemittierende Vorrichtung (70) und eine
Lichtdetektionsvorrichtung (72), wobei beide Vor-
richtungen in die Verbindungsschicht (18) integriert
und mitder Verarbeitungseinheit gekoppelt sind, wo-
bei die Verarbeitungseinheit ferner daflr ausgelegt
ist, die Form der Verbindungsschicht (18) auf der
Basis des durch die Lichtdetektionsvorrichtung de-
tektierten Lichts zu bestimmen.

Ultraschallgerat nach Anspruch 10, wobei eine op-
tische Faser (80) mit der Verbindungsschicht (18)
verbunden ist, wobei die Verarbeitungseinheit dafr
ausgelegt ist, eine Dehnung der optischen Faser auf
der Basis des durch die Lichtdetektionsvorrichtung
detektierten Lichts zu bestimmen und die Form der
Verbindungsschicht (18) auf der Basis der bestimm-
ten Dehnung zu bestimmen.

Ultraschallgerat nach einem der Anspriiche 6 bis 10,
wobei die Verarbeitungseinheit daflir ausgelegt ist,
Ultraschallbilddaten auf der Basis der von den Ultra-
schallwandlern (16) empfangenen Ultraschallsigna-
le, wobei die genannten Ultraschallsignale von den
Ultraschallwellen abgeleitet werden, die von einem
anatomischen Merkmal der Person (12) riickge-
streut werden, und dem bestimmten Abstand zwi-
schenden Ultraschallwandlern (16) und/oder der be-
stimmten Form der Verbindungsschicht (18) zu be-
stimmen.

Verfahren zur medizinischen Untersuchung einer
Person, umfassend die folgenden Schritte:

Aussenden und Empfangen von Ultraschallwel-
len mittels einer Vielzahl von Ultraschallwand-
lern, die Uber eine flexible und/oder dehnbare
Verbindungsschicht an der Person angebracht
werden kénnen, und Bereitstellen einer Vielzahl
von verschiedenen Ultraschallsignalen auf der
Basis der Ultraschallwellen, die durch die Viel-
zahl von Ultraschallwandlern empfangen wer-
den,

Bestimmen von mindestens einem Parameter
aufder Basis der Ultraschallsignale, die von den
Ultraschallwellen abgeleitet werden, welche
von einem anatomischen Merkmal der Person
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(12) ruckgestreut werden, wobei der mindes-
tens eine Parameter eine Position der Ultra-
schallwandler in Bezug auf das anatomische
Merkmal der Person und/oder eine medizini-
sche Verfassung der Person angibt,
Bestimmen von mindestens einem Parameter,
der eine relative Position der Ultraschallwandler
zueinander und/oder eine Form der Verbin-
dungsschicht angibt,

dadurch gekennzeichnet, dass

das Bestimmen eines Abstands zwischen den Ultra-
schallwandlern auf der Basis der durch die Ultra-
schallwandler empfangenen Ultraschallwellen
und/oder das Bestimmen der Form der Verbin-
dungsschicht auf der Basis der Ultraschallwellen er-
folgt, die durch die Ultraschallwandler empfangen
werden, wobei es sich um akustische Oberflachen-
wellen handelt, die durch die Verbindungsschicht
oder eine an der Verbindungsschicht angebrachte
Schicht Uibertragen werden.

Verfahren nach Anspruch 13, umfassend den Schritt
des Bestimmens der Position der Ultraschallwandler
in Bezug aufdas anatomische Merkmal auf der Basis
von mindestens einem von A-Linien-Detektion, B-
Linien-Detektion, Amplitudendetektion oder Dopp-
lersignal-Detektion.

Computerprogrammprodukt zur medizinischen Un-
tersuchung einer Person, wobei das Computerpro-
grammprodukt computerlesbaren Programmcode
umfasst, der von einem Kommunikationsnetzwerk
heruntergeladen werden kann oder auf einem com-
puterlesbaren Speichermedium gespeichert werden
kann oder gespeichert ist, wobei der computerles-
bare Programmcode, wenn er auf einem Computer
ausgefiihrt wird, den Computer veranlasst, die fol-
genden Schritte durchzufiihren:

Steuern einer Vielzahl von Ultraschallwandlern
zum Aussenden und Empfangen von Ultra-
schallwellen, die Uber eine flexible und/oder
dehnbare Verbindungsschicht an der Person
angebracht werden kénnen, und Bereitstellen
einer Vielzahl von verschiedenen Ultraschallsi-
gnalen auf der Basis der Ultraschallwellen, die
durch die Vielzahl von Ultraschallwandlern emp-
fangen werden,

Bestimmen von mindestens einem Parameter
auf der Basis der Ultraschallsignale, wobei die
genannten Signale von den Ultraschallwellen
abgeleitet werden, welche von einem anatomi-
schen Merkmal der Person (12) rlickgestreut
werden, und durch die Ultraschallwandler emp-
fangen werden, wobei der mindestens eine Pa-
rameter eine Position der Ultraschallwandler in
Bezug auf ein anatomisches Merkmal der Per-
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son und/oder eine medizinische Verfassung der
Person angibt,

Bestimmen von mindestens einem Parameter,
der eine relative Position der Ultraschallwandler
zueinander und/oder eine Form der Verbin-
dungsschicht angibt, dadurch gekennzeich-
net, dass

das Bestimmen eines Abstands zwischen den
Ultraschallwandlern auf der Basis der durch die
Ultraschallwandler empfangenen Ultraschall-
wellen und/oder das Bestimmen der Form der
Verbindungsschicht auf der Basis der Ultra-
schallwellen erfolgt, die durch die Ultraschall-
wandler empfangen werden, wobei es sich um
akustische Oberflachenwellen handelt, die
durch die Verbindungsschicht oder eine an der
Verbindungsschicht angebrachte Schicht iber-
tragen werden.

Revendications

Appareil a ultrasons (10) pour un examen meédical
d’'un sujet (12), comprenant :

une pluralité de transducteurs a ultrasons (16)
pour émettre et recevoir des ondes ultrasonores
et pour fournir différents signaux ultrasonores
sur la base des ondes ultrasonores,

une couche de connexion flexible et/ou étirable
(18), pouvant étre fixée au sujet, dans lequel les
transducteurs a ultrasons (16) sont couplés a la
couche de connexion (18), et

une unité de traitement (24) pouvant étre cou-
plée aux transducteurs a ultrasons (16) pour re-
cevoir les signaux ultrasonores et pour détermi-
ner au moins un parametre sur la base des si-
gnaux ultrasonores dérivés des ondes ultraso-
nores rétrodiffusées d’'un élément anatomique
du sujet (12), dans lequel I'au moins un para-
meétre est indicatif d’'une position des transduc-
teurs a ultrasons (16) par rapport a I'élément
anatomique du sujet et/ou indicatif d’'un état mé-
dical du sujet,

dans lequel l'unité de traitement (24) est congue
pour déterminer au moins un paramétre indicatif
d’'une position relative des transducteurs a ul-
trasons (16) les uns par rapport aux autres et/ou
d’'une forme de la couche de connexion (18),
caractérisé en ce que les transducteurs a ul-
trasons (16) sont congus pour induire et mesurer
des ondes acoustiques de surface transmises
par I'intermédiaire de la couche de connexion
(18) ou d’une couche fixée a la couche de con-
nexion (18), et en ce que l'unité de traitement
est congue pour déterminer une distance entre
les transducteurs a ultrasons (16) et/ou pour dé-
terminer la forme de la couche de connexion sur
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labase des ondes acoustiques de surface trans-
mises par I'intermédiaire de la couche de con-
nexion (18) ou d’'une couche fixée a la couche
de connexion (18).

Appareil a ultrasons selon la revendication 1, dans
lequel la position des transducteurs a ultrasons (16)
par rapport a I'élément anatomique est déterminée
sur la base d’au moins 'une parmi une détection de
ligne A, une détection de ligne B, une détection d’am-
plitude, ou une détection de signal Doppler.

Appareil a ultrasons selon la revendication 1, com-
prenant en outre un accélérométre, dans lequel I'uni-
té detraitementest congue pour déterminer une pos-
ture du sujet sur la base d’'un signal regu de I'accé-
léromeétre.

Appareil a ultrasons selon la revendication 1, com-
prenant en outre une pluralité de détecteurs de hau-
teur associés aux transducteurs a ultrasons (16)
pour fournir des signaux de hauteur correspondant
a une hauteur du transducteur a ultrasons respectif
par rapport a des éléments anatomiques du sujet,
dans lequel I'unité de traitement est congue pour dé-
terminer une posture du sujet et/ou des change-
ments de la posture du sujet sur la base des signaux
de hauteur.

Appareil a ultrasons selon la revendication 1, com-
prenant en outre une unité de formation de faisceau
(22) pour focaliser les ondes ultrasonores émises
par les transducteurs a ultrasons, et dans lequel
I'unité de formation de faisceau est congue pour fo-
caliser les ondes ultrasonores émises par les trans-
ducteurs a ultrasons (16) sur la base de la position
relative des transducteurs a ultrasons (16) les uns
par rapport aux autres et/ou sur la base de la position
destransducteurs a ultrasons (16) par rapportal’élé-
ment anatomique du sujet.

Appareil a ultrasons selon la revendication 1, dans
lequel les transducteurs a ultrasons (16) ont une dis-
tance les uns par rapport aux autres et dans lequel
I'unité de traitement est congue pour déterminer une
distance entre les transducteurs a ultrasons (16) sur
la base des ondes ultrasonores regues par les trans-
ducteurs a ultrasons.

Appareil a ultrasons selon la revendication 1, dans
lequel l'unité de traitement est congue pour détermi-
ner une forme de la couche flexible sur la base des
ondes ultrasonores regues par les transducteurs a
ultrasons (16).

Appareil a ultrasons selon la revendication 6 ou 7,
dans lequel 'unité de traitement (24) est en outre
congue pour déterminer la distance entre les trans-
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ducteurs a ultrasons (16) et/ou la forme de la couche
de connexion (18) sur la base des ondes ultrasono-
res rétrodiffusées regues par les transducteurs a ul-
trasons (16).

Appareil a ultrasons selon I'une quelconque des re-
vendications 6 a 8, dans lequel I'unité de traitement
(24) est en outre congue pour déterminer la distance
entre les transducteurs a ultrasons (16) et/ou la for-
me de la couche de connexion (18) sur la base des
ondes ultrasonores émises par I'un des transduc-
teurs a ultrasons.

Appareil a ultrasons selon la revendication 1, com-
prenant en outre un dispositif émetteur de lumiére
(70) et un dispositif de détection de lumiére (72),
danslequell’'unetl'autre des dispositifs sontintégrés
dans la couche de connexion (18) et couplés al'unité
de traitement, dans lequel I'unité de traitement est
en outre congue pour déterminer la forme de la cou-
che de connexion (18) sur la base de la lumiére dé-
tectée par le dispositif de détection de lumiére.

Appareil a ultrasons selon la revendication 10, dans
lequel une fibre optique (80) est connectée a la cou-
che de connexion (18), dans lequel I'unité de traite-
ment est congue pour déterminer une contrainte de
la fibre optique sur la base de la lumiére détectée
par le dispositif de détection de lumiére et pour dé-
terminer la forme de la couche de connexion (18)
sur la base de la contrainte déterminée.

Appareil a ultrasons selon 'une quelconque des re-
vendications 6 a 10, dans lequel I'unité de traitement
est congue pour déterminer des données d'image
ultrasonore sur la base des signaux ultrasonores re-
cus des transducteurs a ultrasons (16), dans lequel
lesdits signaux ultrasonores sont dérivés des ondes
ultrasonores rétrodiffusées a partir d’'un élément
anatomique du sujet (12), et de la distance détermi-
née entre les transducteurs a ultrasons (16) et/ou de
laforme déterminée de la couche de connexion (18).

Procédé d’examen médical d’'un sujet, comprenant
les étapes consistant a :

émettre et recevoir des ondes ultrasonores au
moyen d’une pluralité de transducteurs a ultra-
sons pouvant étre fixés par I'intermédiaire d’'une
couche de connexion flexible et/ou étirable au
sujet et fournissant une pluralité de signaux ul-
trasonores différents sur la base des ondes ul-
trasonores regues par la pluralité de transduc-
teurs a ultrasons,

- déterminer au moins un parameétre sur la
base des signaux ultrasonores dérivés des
ondes ultrasonores rétrodiffusées a partir
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d'un élément anatomique du sujet (12),
dans lequel 'au moins un parameétre est in-
dicatif d’'une position des transducteurs a
ultrasons par rapport a I'élément anatomi-
que du sujet et/ou indicatif d’'un état médical
du sujet,

déterminer au moins un parameétre indicatif
d’'une position relative des transducteurs a ul-
trasons les uns par rapport aux autres et/ou
d’une forme de la couche de connexion, carac-
térisé en ce que

la détermination d’une distance entre les trans-
ducteurs a ultrasons sur la base des ondes ul-
trasonores recgues par les transducteurs a ultra-
sons et/ou la détermination de la forme de la
couche de connexion sont effectuées sur la ba-
se des ondes ultrasonores regues par les trans-
ducteurs a ultrasons qui sont des ondes acous-
tiques de surface transmises par I'intermédiaire
de la couche de connexion ou d’'une couche
fixée a la couche de connexion.

Procédé selon larevendication 13, comprenant I'éta-
pe de détermination de la position des transducteurs
a ultrasons par rapport a I'élément anatomique sur
la base d’au moins I'une parmi une détection de ligne
A, une détection de ligne B, une détection d’ampli-
tude, ou une détection de signal Doppler.

Produit programme informatique pour un examen
médical d’un sujet, le produit programme informati-
que comprenant un code de programme lisible par
un ordinateur, téléchargeable a partir d'un réseau
de communications, ou stockable sur, ou stocké sur,
un support de stockage lisible par un ordinateur, le-
quel code de programme lisible par un ordinateur,
lorsqu’il est exécuté sur un ordinateur améne I'ordi-
nateur a effectuer les étapes suivantes :

commander une pluralité de transducteurs a ul-
trasons, pour émettre et recevoir des ondes ul-
trasonores, pouvant étre fixés par I'intermédiai-
re d’une couche de connexion flexible et/ou éti-
rable au sujet et fournissant une pluralité de si-
gnaux ultrasonores différents sur la base des
ondes ultrasonores regues par la pluralité de
transducteurs a ultrasons,

déterminer au moins un parameétre sur la base
des signaux ultrasonores, lesdits signaux déri-
vés des ondes ultrasonores rétrodiffusées a par-
tir d’'un élément anatomique du sujet (12) et re-
cues par les transducteurs a ultrasons, dans le-
quel 'au moins un parametre est indicatif d’'une
position des transducteurs a ultrasons par rap-
port a un élément anatomique du sujet et/ou in-
dicatif d’'un état médical du sujet,

déterminer au moins un parameétre indicatif
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d’'une position relative des transducteurs a ul-
trasons les uns par rapport aux autres et/ou
d’une forme de la couche de connexion, carac-
térisé en ce que

la détermination d’une distance entre les trans-
ducteurs a ultrasons sur la base des ondes ul-
trasonores regues par les transducteurs a ultra-
sons et/ou la détermination de la forme de la
couche de connexion sont effectuées sur la ba-
se des ondes ultrasonores regues par les trans-
ducteurs a ultrasons qui sont des ondes acous-
tiques de surface transmises par I'intermédiaire
de la couche de connexion ou d’'une couche
fixée a la couche de connexion.
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